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2  AEA 300

All rights are reserved, including those of translation, reprinting, and 
reproduction of this manual, or parts thereof. No part of this manual 
may be reproduced, processed, copied, or transmitted in any way 
whatsoever (photocopy, microfilm, or other method) without the 
express written permission of Systeme Helmholz GmbH, not even 
for use as training material, or using electronic systems. All rights 
reserved in the case of a patent grant or registration of a utility 
model or design. 

Copyright© 2003 by  

Systeme Helmholz GmbH 

Gewerbegebiet Ost 36, 91085 Weisendorf, Germany 

Note:

We have checked the content of this manual for conformity with 
the hardware and software described. Nevertheless, because 
deviations cannot be ruled out, we cannot accept any liability for 
complete conformity. The data in this manual have been checked 
regularly and any necessary corrections will be included in 
subsequent editions. We always welcome suggestions for 
improvement. 

Step® and SIMATIC® are registered trademarks of SIEMENS AG 
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1 Safety Information 
Please observe the safety information given for your own and other
people's safety. The safety information indicates possible hazards
and provides information about how you can avoid hazardous
situations.

The following symbols are used in this manual. 

! Caution, indicates hazards and sources of error 

i  gives information

hazard, general or specific

 danger of electric shock

1.1 General

The AEA 300 Analog Input Module is only used as part of a complete 
system.

! The operator of a machine system is responsible for observing all 
safety and accident prevention regulations applicable to the application in
question.

During configuration, safety and accident prevention rules 
specific to the application must be observed. 

Emergency OFF facilities according to EN 60204 / IEC 204 must 
remain active in all modes of the machine system. The system must not 
perform an undefined restart.

Faults occurring in the machine system that can cause damage to 
property or injury to persons must be prevented by additional external
equipment. Such equipment must also ensure entry into a safe state in the 
event of a fault. Such equipment includes electromechanical safety 
buttons, mechanical interlocks, etc. (see EN 954-1, risk estimation). 

Never execute or initiate safety-related functions using the 
operator terminal. 
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1.2 Restriction of access 

The modules are open equipment and must only be installed in 
electrical equipment rooms, cabinets, or housings. Access to the 
electrical equipment rooms, barriers, or housings must only be 
possible using a tool or key and only permitted to personnel having 
received instruction or authorization. See also Chapter 2. 

Only authorized persons 
must have access to the
modules!

1.3 Information for the user

During configuration it 
is imperative to observe 
the safety and accident
prevention rules
applicable in the
particular application. 

This manual is addressed to anyone wishing to configure, use, or 
install the AEA 300 modules.

It is intended to show the user how to operate the AEA 300 and 
explain the signaling functions. It provides the installing technician
with all the necessary data. 

The AEA 300 module is exclusively for use with an S7-300 
programmable controller from Siemens or with an PAS 300 Profibus 
Slave Interface from Systeme Helmholz GmbH. 

AEA 300 modules are only used as part of a complete system. For 
that reason, the configuring engineer, user, and installing technician 
must observe the standards, safety, and accident prevention rules 
applicable in the particular application. The operator of the 
automation system is responsible for observing these rules.

1.4 Use as intended 

AEA 300 modules must only be used as a communication and 
signaling system as described in the manual. 

1.5 Avoiding use not as intended! 

Uncontrolled restarts
must be prevented in the 
software.

Safety-related functions must not be controlled using the AEA 300 
module alone. Uncontrolled restarts must be prevented in the 
software. The modules must only be operated in the correct slots 
with a 5 V data bus. 

1.6 Installation and mounting 

Before you start 
installation work, all
system components must
be disconnected from
their power source.

The module must be installed and mounted according to VDE 0100 / 
IEC 364. Because they are IP20 (Open Type) modules, they must be 
installed in a switching cabinet.

Permissible ambient temerature: 

- Operating    0 ºC to 60 ºC 

8 AEA 300
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!
Note these instructions:

Use 60/75 °C copper wire only 

Use Class 1 wire only or equivalent 

Suitable for pollution degree 2 environment only 

Connected to 5 V bus only 

See manual for all output ratings

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 10 of 2133



10 AEA 300

2 Installation and Mounting 

2.1 Foreword

This section describes planning the mechanical structure, preparing
the components for installation, and installation itself. 

2.2 Restriction of access 

Only authorized persons 
must have access to the
modules!

The AEA 300 module must be installed according to VDE 0100
IEC 364. The modules are open equipment and must only be
installed in electrical equipment rooms, cabinets, or housings.
Access to the electrical equipment rooms, barriers, or housings must
only be possible using a tool or key and only permitted to personnel
having received instruction or authorization. 

2.3 Planning mounting

Permissible ambient temperature: 

for vertical mounting: from 0 to 40 ºC 

for horizontal mounting: from 0 to 60 ºC 

i
The modules can be 
mounted either vertically 
or horizontally. 

Fig. 2-1: 
Vertical and horizontal
mounting
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2.4 Minimum clearance 

Minimum clearances must be observed because 

it ensures cooling of the AEA 300 modules 

Non-observance of the 
minimum distances can
destroy the module at
high ambient
temperatures!

it provides space to insert and remove modules

it provides space to route cables 

it increases the mounting height of the module rack to 185 mm, 
although the minimum spacing of 40 mm must still be observed 

The following diagram Fig. 2-2 shows the minimum spacing
between the module racks and between these and any adjacent
cabinet walls, equipment, cable ducts, etc. for S7-300s mounted in 
several module racks. 

Fig. 2-2: 
Minimum clearances for
installation

2.5 Mounting of the module on the DIN rail 

Sectional rail 700-390-1xxxx length see chapter 15 Ordering data 

A bus connector is included with each signal module but not with 
the CPU. When connecting the bus connector, always start with the 
CPU.

Take the bus connector off the last module and insert it into the 
CPU. Do not plug a bus connector into the last module of the tier.
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Fig. 2-3: 
Plugging the bus
connector

Hook on the modules (1), slide them up to the left module, and click
them downward (3). 

Fig. 2-4: 
Inserting the modules 

Screw on the modules with a torque of 0.8 to 1.1 Nm. 

Fig. 2-5: 
Screwing on the modules 

12 AEA 300
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3 Wiring

3.1 Protection from external electrical interference 

Make sure that all systems and plants in which the AEA 300 modules 
are installed are connected to the protective ground conductor to 
divert electromagnetic interference. 

Make sure that all supply, signal, and bus cables are correctly
installed and routed.

For all signal and bus cables, make sure that conductor or wire break
does not lead to undefined states in the system or plant. 

!
When choosing cabinet 
dimensions, remember
that the temperature in
the cabinet must not
exceed 60°C if the 
external temperatures is 
high.

3.2 Current consumption and power loss 

AEA 300 modules draw the current required to power them from the 
backplane bus and from an external power supply. 

The current consumption of all signal modules from the 
backplane bus must not exceed the current that the CPU can 
supply to the backplane bus. 

The power loss of all modules used in a cabinet must not exceed
the maximum power that can be dissipated from the cabinet. 

Information on current consumption and power loss of a module is 
given in the Technical Data of each module. 
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3.3 Wiring the AEA 300 front connector 

The 20-way front connector is available with screw or spring-loaded
terminals.

3.3.1 Wiring the front connector with screw terminals

Open the AEA 300 modules (1) 

Snap the front connector into the signal module (2) 

Fig. 3-1: 
Put the front connector 
in the wiring position

Caution! Do not touch
any live conductors 
when the power supply 
and any additional
external power supplies 
are switched on.

Strip the conductor ends 

If you are using wire end ferrules, crimp them onto the conductor 
ends

Thread the cable strain relief supplied into the front connector (0) 

If you are bringing the cables out of the module downward, start
with terminal 20 and wire in the sequence terminal 20, 19, etc. 
(1) to terminal 1 (2)

Fig. 3-2: 
Wiring the 20-way front
connector

If you are bringing the cables out of the module upward, start
with terminal 1 and wire in the sequence terminal 1, 2, etc. to 
terminal 20 

14 AEA 300
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In the case of screw terminals (3), screw up the unwired screw 
terminals, too 

Pull the strain relief tight (4) 

Press the strain relief lock inward to the left to make better use of 
the wiring space 

3.3.2 Wiring the front connector with spring-loaded terminals 

First proceed as described in 3.3.1, then to connect the conductors: 

Insert the screwdriver into the opening with the red opening 
mechanism 

Insert the conductor into the terminal and remove the 
screwdriver 
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4 System Overview 

4.1 Application and function description 

Various analog modules are available for connecting sensors and 
transducers for measuring voltages, currents, and thermal 
resistances. The output module with a voltage or current output is 
used for connecting analog actuators. 

4.1.1 Analog input module 0 to 10 V 

Order No. 700-331-0V010 

Design 8 inputs for connection of voltage sensors 

Voltage meas. ranges 80 mV / 10 M
250 mV / 10 M
500 mV / 10 M
1 V / 10 M
2.5 V / 100 k
5 V / 100 k

1 ... 5 V / 100 k
10 V / 100 k

Input voltage max.  20 V permissible 

Resolutions 9 bits + sign for 2.5 ms integration time 
12 bits + sign for 16.6 / 20 ms integr. time 
14 bits + sign for 100 ms integration time 

Operational limit max. 0.6 % 

Basic error limit max. 0.5 % at 25 °C 

Interf. voltage for interf. frequencies 400 / 60 / 50 / 10 Hz 
suppression 

Cable length shielded max. 200 m, 
for measuring range 80 mV max. 50 m 

Nominal voltage 5 V DC via backplane bus 
24 V DC via front connector 

Current consumption typ. 120 mA at 5 V (backplane bus) 
max. 200 mA at 24 V 

Power loss typ. 1.8 W 

Isolation isolated from backplane bus 
isolated from power supply 

Diagnostics red LED for group fault display 

Alarm limit value and diagnostic alarm  
parameterizable for channels 0 and 2 

Fault signal value 7FFFH irrespective of 
 parameterization 

Connection 16-bit DEA 300 front connector (20-way) 
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Dimensions 40 x 125 x 120 mm³ 

Ambient temperature operation 0 °C ... +60 °C
storage -25 °C ... +75 °C 

Weight approx. 220 g
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Fig. 4-1: 
Block diagram module 
700-331-0V010

Fig. 4-2: 
Front view and terminal
assigment module
700-331-0V010
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4.1.2 Analog input module 20 mA 

Order No. 700-331-4MA20 

Design 8 inputs for connecting 
current sensors and current sinks 

Current meas. ranges 4-wire transmitter: 3.2 mA / 25 
10 mA / 25 

   0 ... 20 mA / 25 
   4 ... 20 mA / 25 

20 mA / 25 
2-wire transmitter: 4 ... +20 mA / 25 

Input current max. 40 mA permissible 

Resolutions 9 bits + sign for 2.5 ms integration time 
12 bits + sign for 16.6 / 20 ms integr. time 
14 bits + sign for 100 ms integration time 

Operational limit max. 0.6 % 

Basic error limit max. 0.5 % at 25 °C 

Interf. voltage for interf. frequencies 400 / 60 / 50 / 10 Hz 
suppression 

Cable length shielded max. 200 m 

Nominal voltage 5 V DC via backplane bus 
24 V DC via front connector Reverse 
polarity protection  

Current consumption typ. 120 mA at 5 V (backplane bus) 
max. 200 mA at 24 V 

Power loss typ. 1.8 W 

Isolation isolated from backplane bus 
isolated from power supply 

Diagnostics red LED for group fault display 

Alarm limit value and diagnostic alarm  
parameterizable for channels 0 and 2 

Fault signal value 7FFFH irrespective of 
 parameterization 

Connection 16-bit DEA 300 front connector (20-way) 

Dimensions 40 x 125 x 120 mm³ 

Ambient temperature operation 0 °C ... +60 °C 
storage -25 °C ... +75 °C 

Weight approx. 220 g
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Fig. 4-3:
Block diagram module 
700-331-4MA20

Fig. 4-4: 
Front view and terminal
assignment module
700-331-4MA20
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4.1.3 Analog input module PT100 
Order No. 700-331-PT100 

Design 4 inputs, 4-wire connection 

Resistance Pt100 Standard / Climate 
thermometer Ni100 Standard / Climate 

Resistance 100 , 150 , 600 
measuring range 

Resolutions 9 bits + sign for 2.5 ms integration time 
12 bits + sign for 16.6 / 20 ms integr. time 
14 bits + sign for 100 ms integration time 

Reverse polarity prot. yes 

Operational limit max. 0.6 % 

Basic error limit max. 0.5 % t 25 °C 

Interf. voltage for interf. frequencies 400 / 60 / 50 / 10 Hz 
suppression 

Cable length shielded max. 200 m 

Nominal voltage 5 V DC via backplane bus 
24 V DC via front connector Reverse 
polarity protection  

Current consumption typ. 120 mA at 5 V (backplane bus) 
max. 200 mA at 24 V 

Power loss typ. 1.8 W 

Isolation isolated from backplane bus 
isolated from power supply 

Diagnostics red LED for group fault display 

Alarm limit value and diagnostic alarm 
parameterizable for channels 0 and 2 

Fault signal value 7FFFH irrespective of 
 parameterization 

Connection 16-bit DEA 300 front connector (20-way) 

Dimensions 40 x 125 x 120 mm³

Ambient temperature operation 0 °C ... +60 °C 
storage -25 °C ... +75 °C 

Weight approx. 220 g
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Fig. 4-5:
Block diagram module 
700-331-PT100

Fig. 4-6: 
Front view and terminal
assignment module
700-331-PT100
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4.1.4 Analog output module AO 2 x 12 Bit 
Order No. 700-332-5HB01 

Design 2 outputs in 2 groups 

Channels Selectable channel-by-channel as 
- voltage output 
- current output 

Output ranges 1 … 5 V, 0 … 10 V, ±10 V 
0 … 20 mA, 2 … 20 mA, ±20 mA 

Resolution 12 Bit

Operational limit voltage output ±0,5 % 
 current output ±0,6 % 

Basic error limit voltage output ±0,4 % at +25 °C  
 current output ±0,5 % at +25 °C 

Cable length shielded max. 200 m 

Nominal voltage 5 V DC via backplane bus 
24 V DC via front connector with Reverse 

 polarity protection

Current consumption typ. 60 mA at 5 V (backplane bus) 
(without load) max. 240 mA at 24 V 

Power loss typ. 3 W 

Isolation isolated from backplane bus 
isolated from power supply 

Diagnostics Red LED for group fault display 

Alarm diagnostic alarm parameterizable 
diagnostic function parameterizable
diagnostic information readable 

Substitute values Output parameterizable  

Connection 16 Bit-DEA 300 front connector (20-way) 

Dimensions 40 x 125 x 120 mm³ 

Ambient temperature operation 0 °C ... +60 °C 
storage -25 °C ... +75 °C 

Weight approx.  220 g 
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Fig. 4-8:
Front view and terminal
assignment module
700-332-5HB01

Fig. 4-7:
Block diagram module 
700-332-5HB01
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4.1.5 Analog output module AO 4 x 12 Bit 
Order No. 700-332-5HD01 

Design 4 outputs in 4 groups 

Channels Selectable channel-by-channel as 
- voltage output 
- current output 

Output ranges 1 … 5 V, 0 … 10 V, ±10 V 
0 … 20 mA, 2 … 20 mA, ±20 mA 

Resolution 12 Bit

Operational limit voltage output ±0,5 % 
 current output ±0,6 % 

Basic error limit voltage output ±0,4 % at +25 °C  
 current output ±0,5 % at +25 °C 

Cable length shielded max. 200 m 

Nominal voltage 5 V DC via backplane bus 
24 V DC via front connector with Reverse 

 polarity protection

Current consumption typ. 60 mA at 5 V (backplane bus) 
(without load) max. 240 mA at 24 V 

Power loss typ. 3 W 

Isolation isolated from backplane bus 
isolated from power supply 

Diagnostics Red LED for group fault display 

Alarm diagnostic alarm parameterizable 
diagnostic function parameterizable
diagnostic information readable 

Substitute values Output parameterizable  

Connection 16 Bit-DEA 300 front connector (20-way) 

Dimensions 40 x 125 x 120 mm³ 

Ambient temperature operation 0 °C ... +60 °C 
storage -25 °C ... +75 °C 

Weight approx.  220 g 
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Fig. 4-10:
Front view and terminal
assignment module
700-332-5HD01

Fig. 4-9:
Block diagram module 
700-332-5HD01
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5 Basics of Analog Value Representation 

5.1 General

The CPU can only process analog values as binary values. The analog 
input modules convert analog input values into binary numbers 
with 16-bit resolution. 

5.1.1 Analog value representation with 16-bit resolution 
The analog values are represented as a two's complement fixed-point 
number. The sign of the analog value is always in bit 15, i.e. when 
15 = 1 the value is negative.

Sign High byte Low byte 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Bit significance 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

5.1.2 Measured value resolution 
Depending on analog input module parameterization, the resolution 
of analog values can be <15 bits. For resolutions lower than 15 bits, 
bits "x" are set to "0" starting with the least significant bit. 

Units Analog value Resolution in bits 
(+sign) Decimal Hexadecimal High byte Low byte 

 8  128  80H sign 0 0 0 0 0 0 0 1 x x x x x x x 

 9  64  40H sign 0 0 0 0 0 0 0 0 1 x x x x x x 

 10  32  20H sign 0 0 0 0 0 0 0 0 0 1 x x x x x 

 11  16  10H sign 0 0 0 0 0 0 0 0 0 0 1 x x x x 

 12  8  8H sign 0 0 0 0 0 0 0 0 0 0 0 1 x x x 

 13  4  4H sign 0 0 0 0 0 0 0 0 0 0 0 0 1 x x 

 14  2  2H sign 0 0 0 0 0 0 0 0 0 0 0 0 0 1 x 

 15  1  1H sign 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Table 5-1: Measured value resolution 
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5.1.3 Binary representation of the input ranges 

Dec. value Meas. value Data word Range

in % 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

32767 118.515 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Overflow 

32511 117.589 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

27649 >100.004 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 1
Overrange

27648 100.000 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0

1 0.003617 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

0 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Nom. range 

-1 -0.003617 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-27648 -100.000 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0

-27649  -100.004 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1

-32512 -117.593 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Underrange

-32768  -117.596 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Underflow 

Table 5-2: Bipolar input ranges 

Dec. value Meas. val. Data word Range

in % 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

32767 118.515 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Overflow 

32511 117.589 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

27649 >100.004 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 1
Overrange

27648 100.000 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0

1 0.003617 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 Nom. range 

0 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-1 -0.003617 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-4864 -17.593 1 1 1 0 1 1 0 1 0 0 0 0 0 0 0 0
Underrange

-32768  -17.596 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Underflow 

Table 5-3: Unipolar input ranges
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5.1.4 Analog value representation of the voltage meas. ranges 

System Voltage measuring range Range

dec. hex. ±10V ±5V ±2.5V ±1 V 

118.515 % 32767 7FFF 11.851 V 5.926 V 2.963 V 1.185 V 

117.593 % 32512 7F00
Overflow

117.589 % 32511 7EFF 11.759 V 5.879 V 2.940 V 1.176 V 

27649 6C01 
Overrange

100.000 % 27648 6C00 10.000 V 5.000 V 2.500 V 1.000 V 

75.000 % 20736 5100 7.500 V 3.75 V 1.875 V 0.750 V 

0.003617 % 1 1 361.7 μV 180.8 μV 90.4 μV 36.17 μV 

0 % 0 0 0 V 0 V 0 V 0 V 

-0.003617 % -1 FFFF -361.7 μV -180.8 μV -90.4 μV -36.17 μV 

-75.00 % -20736 AF00 -7.500 V -3.750 V -1.875 V -0.750 V 

-100.000 % -27648 9400 -10.000 V -5.000 V -2.500 V -1.000 V 

Nom. range 

-27649 93FF

-117.593 % -32512 8100 -11.759 V -5.879 V -2.940 V -1.176 V 
Underrange

-117.596 % -32513 80FF

-118.519 % -32768 8000 -11.851 V -5.926 V -2.963 V -1.185 V 
Underflow 

Table 5-4: Analog value representation of the voltage measuring ranges 
±10 V to ±1 V 
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System Voltage measuring range Range

dec. hex. ± 500 mV ± 250 mV ± 80 mV 

118.515 % 32767 7FFF 592.6 mV 296.3 mV 94.8 mV 

117.593 % 32512 7F00
Overflow

117.589 % 32511 7EFF 587.9 mV 294.0 mV 94.1 mV 

27649 6C01 
Overrange

100.000 % 27648 6C00 500 mV 250 mV 80 mV 

75.00 % 20736 5100 375 mV 187.5 mV 60 mV 

0.003617 % 1 1 18.08 μV 9.04 μV 2.89 μV

0 % 0 0 0 mV 0 mV 0 mV 

-0.003617 % -1 FFFF -18.08 μV -9.04 μV -2.89 μV

-75.00 % -20736 AF00 -375 mV -187.5 mV -60 mV 

-100.000 % -27648 9400 -500 mV -250 mV -80 mV 

Nom. range

-27649 93FF

-117.593 % -32512 8100 -587.9 mV -294.0 mV -94.1 mV 
Underrange

-117.596 % -32513 80FF 

-118.519 % -32768 8000 -592.6 mV -296.3 mV -94.8 mV 
Underflow

Table 5-5: Analog value representation in the voltage measuring ranges 
±500 mV to ±80 mV 

System Voltage measuring range Range

dec. hex. 1 to 5 V 0 to 10 V 

118.515 % 32767 7FFF 5.741 V 11.852 V

117.593 % 32512 7F00
Overflow

117.589 % 32511 7EFF 5.704 V 11.759 V

27649 6C01 
Overrange

100.000 % 27648 6C00 5 V 10 V

75 % 20736 5100 3.00 V 7.5 V

0.003617 % 1 1 1 V + 144.7 μV 0 V + 361.7 μV Nom. range 

0 % 0 0 1 V 0 V

-0.003617 % -1 FFFF 1 V - 144.7 μV

-17.593 % -4864 ED00 0.296 V
Underrange

-4865 ECFF

 -17.596 % -32768 8000

negative values 
not possible

Underflow 

Table 5-6: Analog value representation in the voltage measuring range 
1 to 5 V and 0 to 10 V  
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5.1.5 Analog value representation in current measuring ranges 

System Current measuring range Range

dec. hex. ±20 mA ±10 mA ±3.2 mA 

118.515 % 32767 7FFF 23.70 mA 11.85 mA 3.79 mA 

117.593 % 32512 7F00
Overflow

117.589 % 32511 7EFF 23.52 mA 11.76 mA 3.76 mA 

27649 6C01 
Overrange

100.000 % 27648 6C00 20 mA 10 mA 3.2 mA 

75 % 20736 5100 15 mA 7.5 mA 2.4 mA 

0.003617 % 1 1 723.4 nA 361.7 nA 115.7 nA 

0 % 0 0 0 mA 0 mA 0 mA Nom. range 

-0.003617 % -1 FFFF -723.4 nA -361.7 nA -115.7 nA 

-75 % -20736 AF00 -15 mA -7.5 mA -2.4 mA 

-100.000 % -27648 9400 -20 mA -10 mA -3.2 mA 

-27649 93FF

-117.593 % -32512 8100 -23.52 mA -11.76 mA -3.76 mA 
Underrange

-117.596% -32513 80FF 

118.519 % -32768 8000 -23.70 mA -11.85 mA -3.79 mA 
Underflow 

Table 5-7: Analog value representation in the current measuring ranges 
±20 mA to ±3.2 mA 

System Current measuring range Range

dec. hex. 0 to 20 mA 4 to 20 mA 

118.515 % 32767 7FFF 23.70 mA 22.96 mA 

117.593 % 32512 7F00
Overflow

117.589 % 32511 7EFF 23.52 mA 22.81 mA 

27649 6C01 
Overrange

100.000 % 27648 6C00 20 mA 20 mA 

75 % 20736 5100 15 mA 16 mA 

0.003617 % 1 1 723.4 nA 4 mA + 578.7 nA 

0 % 0 0 0 mA 4 mA 

Nom. range 

-0.003617 % -1 FFFF -723.4 nA 4 mA - 578.7 nA 

-17.593 % -4864 ED00 -3.52 mA 1.185 mA 
Underrange

-4865 ECFF

 -17.596 % -32768 8000
Underflow 

Table 5-8: Analog value representation in the current measuring ranges 
0 to 20 mA and 4 to 20 mA 
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5.1.6 Analog value representation for resistance meas. range 

System Resistance measuring range Range

dec. hex. 150 300 600

118.515 % 32767 7FFF 177.77 355.54 711.09 

117.593 % 32512 7F00
Overflow

117.589 % 32511 7EFF 176.38 352.77 705.53 

27649 6C01
Overrange

100.000 % 27648 6C00 150 300 600

75 % 20736 5100 112.5 225 450

0.003617 % 1 1 5.43 m 10.85 m 21.70 m

0 % 0 0 0 0 0

Nom. range 

(negative values not physically 
possible)

Underrange

Table 5-9: Analog value representation for resistance sensors from 
150  to 600 

5.1.7 Analog value representation for resistance thermometer 
Pt 100 Standard 

Units Range
Pt 100 

Standard in °C 
1 digit = 0.1 °C decimal hexa-

decimal

>1000.0 32767 7FFFH Overflow

1000.0 10000 2710H

850.1 8501 2135H

Overrange

850.0 8500 2134H

-200.0 -2000 F830H

Nom. range 

-200.1 -2001 F82FH

-243.0 -2430 F682H

Underrange

< -243.0 -32768 8000H Underflow 

Table 5-10: Analog value representation for Pt 100 Standard resistance 
thermometers 
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5.1.8 Analog value representation for Pt 100 Climate resistance 
thermometers 

Units RangePt 100  
Climate in °C 

1 digit = 0.01 °C decimal hexa-
decimal

>155.00 32767 7FFFH Overflow

155.00 15500 3C8CH

130.01 13001 32C9H

Overrange

130.00 13000 32C8H

-120.00 -12000 D120H

Nom. range 

-120.01 -12001 D11FH

-145.00 -14500 C75CH

Underrange

< -145.00 -32768 8000H Underflow 

Table 5-11: Analog value representation for resistance thermometers 
Pt 100 Climate 

5.1.9 Analog value representation for Ni 100 Standard resistance 
thermometers 

Units RangeNi 100 
Standard in °C 
1 digit = 0.1 °C decimal hexa-

decimal

>295.0 32767 7FFFH Overflow

295.0 2950 B86H

250.1 2501 9C5H

Overrange

250.0 2500 9C4H

Nom. range 

-60.0 -600 FDA8H

-60.1 -601 FDA7H

-105.0 -1050 FBE6H

Underrange

105.0 -32768 8000H Underflow 

Table 5-12: Analog value representation for Ni 100 Standard resistance 
thermometers 
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5.1.10 Analog value representation for Ni 100 Climate resistance 
thermometers 

Units RangeNi 100  
Climate in °C 

1 digit = 0.01 °C decimal hexa-
decimal

>295.00 32767 7FFFH Overflow

295.00 29500 733CH

250.01 25001 61A9H

Overrange

250.00 25000 61A8H

Nom. range 

-60.00 -6000 E890H

-60.01 -6001 E88FH

-105.00 -10500 D6FCH

Underrange

< -105.00 -32768 8000H Underflow 

Table 5-13: Analog value representation for Ni 100 Climate resistance 
thermometers 
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5.1.11 Binary representation of output ranges 
Decimal 

unit Output Data word Range

[%] 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

32512 0 0 1 1 1 1 1 1 1 x x x x x x x x Overflow 

32511 117.589 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

27649 >100.004 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 1
Overrange

27648 100.000 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0

1 0.003617 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

0 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Nom. range 

-1 -0.003617 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-27648 -100.000 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0

-27649  -100.004 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 1

-32512 -117.593 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Underrange

32513 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Underflow 

Table 5-14: Bipolar input ranges 

Decimal 
unit Output Data word Range

[%] 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

32512 0 0 1 1 1 1 1 1 1 x x x x x x x x Overflow 

32511 117.589 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1

27649 >100.004 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 1
Overrange

27648 100.000 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0

1 0.003617 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 Nom. range 

0 0.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.000 

-32512 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Limited to 
nominal lower 
range limit 
0 V or 0 mA 

32513 0 1 0 0 0 0 0 0 0 x x x x x x x x Underflow 

Table 5-15: Unipolar input ranges 
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5.1.12 Analog value representation of the voltage output ranges 

System Voltage output range 

dez. hex. ±10 V 

118.515 % 32767 7FFF 0 V 

117.593 % 32512 7F00 0 V 

Overflow
de-energized 

117.589 % 32511 7EFF 11.759 V 

27649 6C01
Overrange

100.000 % 27648 6C00 10.000 V 

75.000 % 20736 5100 7.500 V 

0.003617 % 1 1 361.7 μV 

0 % 0 0 0 V 

-0.003617 % -1 FFFF -361.7 μV 

-75.00 % -20736 AF00 -7.500 V 

-100.000 % -27648 9400 -10.000 V 

Nom. range 

-27649 93FF

-117.593 % -32512 8100 -11.759 V 
Underrange

-117.596 % -32513 80FF 0 V 

-118.519 % -32768 8000 0 V 

Underflow  
de-energized 

Table 5-16: Analog value representation in the output range ±10 V 

System Voltage output range

dez. hex. 0 … 10 V 1 … 5 V 

118.515 % 32767 7FFF 0 V 0 V 

117.593 % 32512 7F00 0 V

Overflow
de-energized 

117.589 % 32511 7EFF 11.76 V 5.70 V 

27649 6C01
Overrange

100.000 % 27648 6C00 10.000 V 5.00 V 

75.000 % 20736 5100 7.500 V 4 V 

0.003617 % 1 1 361.7 μV 1 V + 144.7mV 

0 % 0 0 0 V 1 V 

Nom. range 

-0.003617 % -1 FFFF

-25.00 % -6912 E500 0 V 
Underrange

-6913 E4FF

-117.593 % -32512 8100

Not possible, 
Output value set 
to 0 V

-117.596 % -32513 80FF

-118.519 % -32768 8000 0 V 0 V 

Underflow  
de-energized 

Table 5-17: Analog value representation in the output range 0 …10 V / 
1 … 5 V 
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5.1.13 Analog value representation of the current output ranges 

System Current output range 

dez. hex. ±20 mA 

118.515 % 32767 7FFF 0.00 mA 

117.593 % 32512 7F00 0.00 mA 

Overflow
de-energized 

117.589 % 32511 7EFF 23.52 mA 

27649 6C01
Overrange

100.000 % 27648 6C00 20.00 mA 

75.000 % 20736 5100 15.00 mA 

0.003617 % 1 1 723.4 nA 

0 % 0 0 0 mA 

-0.003617 % -1 FFFF -723.4 nA 

-75.00 % -20736 AF00 -15.00 mA 

-100.000 % -27648 9400 -20.00 mA 

Nom. range 

-27649 93FF

-117.593 % -32512 8100 -23.52 mA 
Underrange

-117.596 % -32513 80FF 0.00 mA 

-118.519 % -32768 8000 0.00 mA 

Underflow  
de-energized 

Table 5-18: Analog value representation in the output range ±20 mA 

System Current output range 

dez. hex. 0…20 mA 4…20 mA 

118.515 % 32767 7FFF 0.00 mA 0.00 mA 

117.593 % 32512 7F00 0.00 mA

Overflow
de-energized 

117.589 % 32511 7EFF 23.52 mA 22.81 mA 

27649 6C01
Overrange

100.000 % 27648 6C00 20.00 mA 20.00 mA 

75.000 % 20736 5100 15.00 mA 16.00 mA 

0.003617 % 1 1 723.4 nA 4 mA + 578.7 nA 

0 % 0 0 0 mA 4 mA 

Nom. range 

-0.003617 % -1 FFFF

-25.00 % -6912 E500 0 mA 
Underrange

-6913 E4FF

-117.593 % -32512 8100

Not possible, 
output value is 
set to 0 mA 

-117.596 % -32513 80FF

-118.519 % -32768 8000 0.00 mA 0.00 mA 

Underflow  
de-energized 

Table 5-19: Analog value representation in the output range 0…20mA / 
4…20 mA 
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6 Operational Performance of the Analog 
Modules

6.1 Power supply and operating state of the CPU 

The measured values of the analog input modules depend on the 
power supply L+ and the operating state of the CPU, see Table 6-1. 

Operating state 
of CPU 

Power supply 
L+

on analog 
module

Input value of the  
analog input module 

L+ applied Measured value 
7FFFH until 1st conversion 
after power-on or 
after parameterization of the 
module completed 

POWER
ON

RUN

L+ missing Overflow value 
L+ applied Measured value 

7FFFH until 1st conversion 
after power-on or 
after parameterization of the 
module completed 

POWER
ON

STOP

L+ missing Overflow value 
L+ applied -POWER

OFF
-

L+ missing -

Table 6-1: Measured values and operating state of the CPU 

6.1.1 Response to failure of power supply L+ 
If the power supply of the analog modules fails, the fault will be 
displayed by the group fault LED on the module. This information is 
provided as an entry in the diagnostic buffer. 

If the alarm has been enabled in the parameterization, the 
diagnostic alarm will be triggered, see Section 12.
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6.2 Messages depending on the value range 

If parameterized accordingly, the faults detected could trigger a 
diagnostic entry and diagnostic alarm. For a fault description, see 
Section 12. 

The response of the analog input module depends on the input 
range in which the input values are, see Table. 

Meas. value is in Input value Group fault LED Diagnostics Alarm

Nom. range meas. value - - -

Overrange /  
underrange meas. value - - -

Overflow 7FFFH lit 1) entry made 1) diagnostic alarm 1)

Underflow 8000H lit 1) entry made 1) diagnostic alarm 1)

Outside
parameterized
limit value 

meas. value - - process alarm 1)

 1) depending on parameterization

Table 6-2: Messages of the individual input ranges

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 39 of 2133



AEA 300 39

7 Definition of the Operational Limit and Basic 
Error Limit

7.1 Operational limit i
The percentage values 
for the operational limit 
and basic error limit in 
the technical data of the
module always refer to
the maximum input
value in the nominal 
range of the module. 

The operational limit is the measurement error of the analog input 
module over the entire permissible temperature range with reference 
to the nominal range of the module. 

7.2 Basic error limit 

The basic error limit is the operational limit at 25 °C with reference 
to the nominal range of the module. 

7.3 Calculation example for the input error of an analog
input module 

An analog input module 700-331-0V010 is used with input range "0 
to 10 V". The module must be operated with an ambient 
temperature of 30 °C. The input error must therefore be calculated
on the basis of the operational limit.

The technical data are: 

operational limit ±0.6 %

The input error over the entire nominal range of the module is: 

 ±0.6 %  10 V = ±0.06 V

The table shows the actual measured values for some input voltages. 
Remember, the smaller the input value, the greater the measurement
error.

Input error ±0.06 V ±0.06 V ±0.06 V ±0.06 V ±0.06 V 

Input value 1 V 2.5 V 5 V 8 V 10 V 

Meas. value 0.94 ... 1.06 V 2.44 ... 2.56 V 4.94 ... 5.06 V 7.94 ... 8.06 V 9.94 ... 10.06 V

Relative error 6 % 2.4 % 1.2 % 0.75 % ±0.6 % 

Table 7-1: Relative error with reference to the operational limit
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8 Conversion, Cycle, Settling, and Response Times 
of the Analog Modules 

8.1 Conversion time of the analog input channels 

The conversion time is composed of the basic conversion time of the 
module and additional processing times for open-circuit monitoring. 

The conversion time is determined by the conversion method of the 
analog input channel. 

8.1.1 Integrating conversion method 
With the integrating conversion method, the integration time is 
included directly in the conversion time. The integration time 
depends on the interference frequency suppression and determines 
the possible resolution, see Technical Data. The relevant settings are 
made in STEP 7®.

8.1.2 Instantaneous value conversion 
The conversion time is determined by the basic conversion time and 
additional processing times of the analog modules, see Technical 
Data of the module in question. 

8.2 Cycle time of analog input channels 

Analog-to-digital conversion and transfer of the digitized measured 
value to memory or to the backplane bus is performed sequentially, 
i.e. the analog input channels are converted one after the other. The 
cycle time of the channels is the time until an analog input value is 
converted again. The cycle time results from the sum of the 
conversion times of all activated analog input channels of the 
analog input module. 

8.3 Conversion and cycle time for analog input channels in 
channel groups 

If analog input channels in the channel groups are grouped 
together, the conversion time must considered separately for each 
channel group. 

Channel Conversion time Open-circuit 
monitoring

Channel group 

CH0 50.0 ms 0.5 ms 
CH1 50.0 ms 0.5 ms 

101.0 ms 

CH2 16.6 ms deactivated 
CH3 16.6 ms deactivated 

33.2 ms 

CH4 deactivated - 0 ms 
CH5 deactivated - 0 ms 
CH6 deactivated - 0 ms 
CH7 deactivated - 0 ms 

conversion time of the module:           134.2 ms 
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8.4 Cycle time of the analog output channels

i
You should deactivate
unused analog channels 
to reduce the cycle time 
in STEP 7. 

Conversion of the analog output channels is sequential, the analog
output channels are converted one after the other.

The cycle time, i.e. the time before an analog output value is 
converted again, results from the sum of the conversion times of all 
activated analog output channels of the analog output module.
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9 Parameterizing Modules 

9.1 Static parameters

The properties of an analog input module, see Section 13 "Technical
Data", are parameterized in the hardware configurer, e.g. STEP 7®.
Parameterization must be performed in the STOP state of the CPU. 

After you have defined all module parameters, you must transfer the 
parameters from the programming unit to the CPU. On STOP -> 
RUN, the CPU transfers the parameters to the modules. The settings 
are stored permanently. 

9.2 Dynamic parameters

The dynamic parameters can also be changed in a running user
program using the system function (SFC 55). But remember that 
after a RUN -> STOP, STOP -> RUN change of the CPU, the
parameters set with STEP 7® will apply again.

9.3 Parameters of the analog input modules 

i
If no parameterization
has been made with
STEP 7®, the defaults
will apply. 

The analog input modules use parameters and value ranges that are 
specific to functionality. For the parameterization that is possible for 
each analog module, see Section 13 Technical Data.

The following table contains an overview of the parameters of the 
analog input modules. 
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Parameter Value range Default Type of 
parameter

Scope of 
action

Enable
diagnostic alarm 
process alarm on limit 
violation 

yes / no 
yes / no 

no
no

dynamic module 

Trigger for process alarm 

module 0 to 10 V 
 upper limit value 
 lower limit value  

module 0 to 20 mA 
 upper limit value 
 lower limit value 

module Pt100 
 upper limit value 
 lower limit value 

restriction due to
measuring range possible 

32511 
-32512 

32511 
-32512 

32511 
0

-
-

-
-

-
-

dynamic channel or 
channel 
group

Diagnostics 
group diagnostics 
with open-circuit 
monitoring 

yes / no 
yes / no 

no
no

static channel or 
channel 
group

Measurement 
Measuring type 

deactivated 
U voltage 
4DMU current
(4-wire transmitter) 
2DMU current
(2-wire transmitter) 
RT-4L resistance 
(4-wire connection) 
RT resistance 
(thermal, linearized) 

U

Measuring range for settable measuring ranges  
of the input channels see 
Section 13 Technical Data 

±10 V 

Interference frequency 
suppression 

400 / 60 / 50 Hz; 400 Hz; 60 Hz;  
50 Hz; 10 Hz 

50 Hz dynamic channel or 
channel 
group

1) 1 digit = 0.1 °C; 1 digit = 0.1 °F 

Table 9-1: Parameters of the analog input modules 
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i
If no parameterization
was performed with
STEP 7®, the default
settings apply. 

9.4 Parameters of the analog output modules 

The analog output modules each use specific parameters and value 
ranges depending on functionality. For the parameterization that is 
possible for each analog module, see Chapter 13 Technical Data.

The following table contains an overview of the parameters of the 
analog output modules. 

Parameter Value range Default Type of 
parameter

Scope of 
action

Enable
diagnostic alarm yes / no no dynamic module

Diagnostics
group diagnostics yes / no no

static channel

Output
Output mode 

Output range

deactivated
Voltage
Current

For the settable output ranges of the
output channels, see the relevant module
description

U

±10 V 

dynamic channel

Behavior to CPU-
STOP

OCV Outputs have no current or voltage 
KLV Keep last value
SV Substitute a value 

OCV dynamic channel

Table 9-2: Parameters of the analog output modules
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10 Connecting Transducers to Analog Inputs 

10.1 Abbreviations used 

M + Measurement line (positive) 

M - Measurement line (negative)

MANA Reference potential of the analog measurement circuit 

M Ground connection (GND)

L + Power supply connection 24 V DC

UCM Potential difference between inputs and 
reference potential of the measurement circuit MAMA

UISO Potential difference between MANA and M connection of 
CPU

10.2 Signal cables

Shielded twisted-pair cables should be used for analog signals. The 
shield of the analog cables should be grounded at both ends.

Signal cables must not run parallel with power cables.i
If potential differences
exist between the cable
ends, an equalization
current may flow
through the shield and
interfere with the analog 
signals. In that case the 
shield should only be 
grounded at one end or 
an additional
equipotential cable be
connected.

Route signal and data cables and power cables in separate ducts or 
bundles. Signal and data cables must be routed as close as possible to 
grounding surfaces, e.g. supports, metal rails, mounting plates, or
cabinet sheetmetal.

Motor cables, incoming power cables and information electronics
signal cables must be routed at least 0.2 m apart inside the cabinet. If 
cables cross, they may be closer. Outside the cabinet, motor cables, 
in particular, must be routed in separate bundles at least 0.3 m from 
other cables.

This reduces interference due to coupling.

If a join is required, it must be implemented such that less than 
2 cm of cable are unshielded. The shields of both cable ends must be 
connected via a shield bus, not via a terminal, see Fig. 10-1. The 
cable shield must not be connected with analog ground MANA.
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terminal strip

screened cable screened cable

screen current
flows to ground

Screen current from
inside the unit can
flow to ground

screens generously connected
to unit ground at several points

unscreened 2 cm�

Fig. 10-1:
Implementing a terminal
connection
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10.3 Isolated analog input modules 

On isolated analog input modules there is no galvanic connection 
between the reference point of the measurement circuit MANA and the 
M (GND) terminal of the CPU. 

Isolated analog input modules are used if a potential difference Uiso

can arise between the reference point of the measuring circuit MANA

and the M (GND) connection of the CPU. An equipotential lead 
between terminal MANA and the M (GND) terminal of the CPU 
ensures that Uiso does not exceed the permissible value. 

10.4 Non-isolated analog input modules 

On non-isolated analog input modules, a connection must be made 
between the reference point of the measurement circuit MANA and the 
M (GND) terminal of the CPU or PAS 300 / IM 153. That is done by 
connecting terminal MANA with the M (GND) terminal of the CPU or 
PAS 300 / IM 153. A potential difference between MANA and the M 
(GND) terminal of the CPU or PAS 300 / IM 153 can corrupt the 
analog signal. 

10.5 Limited potential difference UCM

Between the measurement lines M- of the input channels and the 
reference point of the measurement circuit MANA only a limited 
potential difference must occur UCM (common-mode voltage). 
Protective circuits may be necessary to avoid exceeding the 
permissible value for UCM.

10.5.1 Connection of isolated sensors 
The isolated sensors are not connected to local ground potential 
(building ground). Floating operation is possible. 

With isolated sensors, potential differences can occur between 
sensors. These potential differences can be arise because of faults or 
the physical distribution of the sensors. 

To avoid exceeding the permissible value for UCM in environments 
with heavy EMC interference, connecting M- with MANA is 
recommended. 
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L+
M

M+

M+

M-

M-

Insulated
encoders

Recommended
connections

ADU
Back-
plane
bus
system

Logic

MANA

CPU

L+
M

Ground bus

Mint

UISO

Fig. 10-2:
Connection of isolated 
transducers to an
isolated AI 

i
When connecting 2-wire 
transmitter for current
measurement and 
connecting resistance
sensors, no connection
from M- to MANA must 
exist. The same applies 
to inputs that are 
parameterized for such a
connection but not used.

L+
M

M+

M+

M

M

Insulated
encoders

Recommended
connections

ADU
Back-
plane
bus
system

Logic

MANA

CPU

L+
M

Ground bus

Mint

Fig. 10-3:
Connection of isolated 
transducers to a non-
isolated AI 

10.5.2 Non-isolated sensors 
The non-isolated sensors are connected with the local ground 
potential (building ground). To use non-isolated sensors, MANA must 
be connected with building ground. 

Local conditions or interference can cause static or dynamic 
potential differences UCM to arise between the distributed 
measurement points. If the permissible value for UCM is exceeded,
equipotential conductors must interconnect the measurement 
points.

When connecting non-isolated sensors to isolated modules, the CPU 
can be operated floating or grounded.
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L+
M

M+

M+

M-

M-

Uninsulated
encoders

ADU Logic

MANA

Equipotential
conductor

Back-
plane
bus
system

CPU

L+
M

Ground bus

Mint

UISO

UCM

Fig. 10-4:
Connection of non-
isolated transducers to 
an isolated AI

i
Non-isolated 2-wire 
transducers and non-
isolated resistance
sensors must not be used
on non-isolated AIs! 

L+
M

M+

M+

M-

M-

ADU Logic

MANA

Uninsulated
encoders

Equipotential
conductor

UCM

Back-
plane
bus
system

CPU

L+
M

Ground bus

Mint
Fig. 10-5:
Connection of non-
isolated transducers to a
non-isolated AI 
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10.6 Connection of voltage sensors i
In , the 
connecting leads
resulting from the 

Fig. 10-6 The generally applicable information at the beginning of the chapter 
on connecting sensors must be implemented.

For abbreviations used, see Section 10.1. 
potential connection of 
the analog input module 
and the sensor are not 
drawn.

L+
M

M+

M+ ADU Logic

MANA

M

M

U

U

+

+

_

_

Back-
plane
bus
system

Fig. 10-6:
Connection of non-
isolated voltage sensors 
to a non-isolated AI 

10.7 Connection of current sensors 

The generally applicable information at the beginning of the chapter 
on connecting sensors must be implemented.

For abbreviations used, see Section 10.1. 

i
In , the 
connecting leads
resulting from the 

Fig. 10-7

10.7.1 Power supply of sensors 
The power supply is brought to the 2-wire sensor via the terminals of
the analog input module with short-circuit protection. The 2-wire 
sensor converts the measured quantity into a current. The 2-wire 
transducers must be isolated sensors.potential connection of 

the analog input module 
and the sensor are not 
drawn.

L+
M

M+

M+

M-
ADU Logic

MANA

+

+
_

_

2-wire
transducer

P

P

Sensor,
e.g. pressure gauge

M- Back-
plane
bus
system

2-wire
transducerFig. 10-7:

Connection of 2-wire 
transmitter to isolated
AI

If the module is powered with supply voltage L+, the 2-wire 
transducer must be parameterized as a 4-wire transducer in STEP 7®.
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L+
M

M+

M+

M-

M-

ADU Logic

MANA

+

+
_

_

2-wire
transducer

2-wire
transducer

P

P

Sensor,
e.g. pressure
gauge Back-

plane
bus
system

Fig. 10-8:
Connection of 2-wire 
transmitter to isolated
AI powered from L+ 

i
In  and

, the connecting
leads resulting from the 

Fig. 10-8 Fig.
10-9 4-wire transducers have a separate power supply.

L+
M

M+

M+ ADU Logic

MANA

M-

M-

+

+
_

_

4-
w

ir
e

tr
an

sd
u

ce
r

P

P

L+ M

Back-
plane
bus
system

Sensor,
e.g. pressure
gauge

potential connection of 
the analog input module 
and the sensor are not 
drawn.

Fig. 10-9:
Connection of 4-wire 
transmitter to isolated
AI

10.8 Connecting resistance thermometers and resistors 

The resistance thermometer / resistances are wired in a 4-wire, 3-
wire, or 2-wire connection.

A 4-wire or 3-wire connection supplies constant current to the 
module via terminals IC+ and IC- so that the voltage drop on the 
measurement cables can be compensated. It is important to connect 
the connected constant current lines directly to the resistance
thermometer / resistance.

Measurements with 4-wire or 3-wire connection provide a more 
precise measurement result than measurements with a 2-wire
connection.

10.8.1 4-wire connection of a resistance thermometer
The voltage arising at the resistance thermometer is measured via 
terminals M+ and M-. When connecting, pay attention to the 
polarity of the connected line IC+ and M+, and IC- and M- on the 
resistance thermometer.

50 AEA 300

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 51 of 2133



AEA 300 51

i
Lines IC+ and M+ and
lines IC- and M- must be
connected directly to the
resistance thermometer.

10.8.2 3-wire connection of a resistance thermometer
In a 3-wire connection to modules with 4 terminals, M- and IC- must 
be jumpered.

Fig. 10-10:
4-wire connection of 
resistance thermometers
to isolated AI 

i
Lines IC+ ,IC- and M+ 
must be connected 
directly to the resistance 
thermometer.

Fig. 10-11:
3-wire connection of 
resistance thermometers
to isolated AI 

Fig. 10-12:
2-wire connection of 
resistance thermometers
to isolated AI 

10.8.3 2-wire connection of a resistance thermometer
In a 2-wire connection to modules with 4 terminals M+ and IC+, and 
M- and IC- must be jumpered.

L+
M

M+

M
ADU Logic

MANA

IC

IC +
Back-
plane
bus
system
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11 Connection of loads and actuators to analog
outputs

11.1 Abbreviations used 

MANA Reference potential of the analog measuring circuit 

M Ground terminal

L + 24 V DC power supply terminal 

UISO Potential difference between MANA and ground terminal of 
 the CPU

RL Load resistance

QV Analog output voltage

QI Analog output current

S+ Sensor line positive

11.1.1 2-wire connection of loads/actuators at voltage output
With the 2-wire connection, the S+ and S- terminals remain open,
the load is connected to QV and the ground reference point MANA is 
connected.

Fig. 11-1:
2-wire connection of 
loads at the voltage
output non-floating
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11.1.2 4-wire connection of loads/actuators at the voltage output
In the 4-wire connection, the voltage is measured directly at the load 
via sensor leads. This compensates for voltage drops over the 
connection lines. A high degree of precision and constancy of the
voltage at the load is achieved. 

Fig. 11-2:
4-wire connection of 
loads at the voltage
output, floating

Fig. 11-3:
Connection of loads at 
the current output, non-
floating

11.1.3 Connection of loads/actuators at the current output
The load is connected to QI and the ground reference point MANA,
terminals S+ and S- are left open. 
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Fig. 11-4:
Connection of loads at 
the current output,
floating
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12 Diagnostics of the Analog Modules 

12.1 Diagnostic messages 

Two types of diagnostic message are available: 

Parameterizable diagnostic messages 
These diagnostic messages must be enabled by parameterization. 
Parameterization is performed in STEP 7® in the parameter block 
"Diagnostics".  

Non-parameterizable diagnostic messages 
These diagnostic messages are always provided by the input 
module irrespective of parameterization. 

12.2 Actions after diagnostic messages in STEP 7®

Diagnostic messages always trigger the following actions in STEP 7®:

The diagnostic message is entered in the diagnostics of the analog 
module and passed on to the CPU. 

The fault LED on the analog module lights up. 

If the "Enable diagnostic alarm" is parameterized with STEP 7®, a 
diagnostic alarm will be triggered and OB 82 called up. 

12.3 Reading out the diagnostic messages 

The detailed diagnostic messages can be read out using SFCs in the 
user program (see "Diagnostic data of the signal modules"). 

The cause of error can be displayed in STEP 7® in the module 
diagnostics (see Online Help STEP 7®).

12.4 Diagnostic message in the measured value of analog 
input modules 

Each analog input module provides the measured value 7FFFH on 
detecting an error irrespective of parameterization. This measured  
value means either overflow, fault, or channel deactivated. 
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12.5 Diagnostic messages on the group fault LED 

Each analog module displays errors with the group fault LED (GRP 
LED). The group fault LED lights up when a diagnostic message is 
triggered by the analog module. It will switch off when all errors 
have been rectified.

12.6 Diagnostic messages of the analog input modules 

Diagnostic message LED Scope of 
diagnostics

Parameter-
izable

External power supply missing GRP module no

Config./parameterization error GRP channel yes

Common-mode error GRP channel yes

Wire-break GRP channel yes

Underflow GRP channel yes

Overflow GRP channel yes

i
To have errors indicated 
by the parameterizable
diagnostic messages, the
diagnostic messages of 
the analog input module 
must be enabled by 
parameterization in 
STEP 7. 

Table 12-1: Diagnostic messages of the analog input modules

i
To detect faults that are 
displayed with
parameterizable
diagnostic messages, the
diagnostic messages of 
the analog output module
in STEP 7 must be 
released by appropriate
parameterization.

12.7 Diagnostic messages of the analog output modules 

Diagnostic message LED Scope of 
diagnostics

Parameter-
izable

External load voltage missing GF Module no

Configuration /
parameterization fault GF Channel yes

Short-circuit to ground GF Channel yes

Wire-break GF Channel yes

Table 12-2: Diagnostic messages of the analog output modules
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12.8 Causes of error and remedies for the analog input 
modules

Diagnostic message Possible cause of error  Remedy

External power supply 
missing

External PS L+ of the module missing Connect and apply L+  

Configuration /  
parameterization error 

Wrong parameters transferred to 
module  

Reparameterize module 

Common-mode error 
Potential difference UCM between the 
inputs (M-) and reference potential of 
measurement circuit (MANA) too high 

Connect M- with MANA

Wire-break Sensor connection too high-resistance
Use other sensor type 
or wire differently, for example, use 
lines with greater cross-section  

Interruption of the line between the 
module and sensor 

Establish cable connection 

Channel not connected (open) 
Deactivate channel group (parameter 
"measuring type") 
Connect channel 

Underflow 
Input value underrange, fault possibly 
caused by wrong measuring range 
selection 

Parameterize another measuring 
range

Sensor possibly connected with 
reverse polarity in measuring ranges 4 
to 20 mA and 1 to 5 V 

Check connections 

Overflow Input value overrange Parameterize another measuring 
range

Table 12-3: Causes of error of the analog input modules 

12.9 Causes of error and remedies for the analog output 
modules

Diagnostic message Possible cause of error Remedy

External power supply 
missing External PS L+ of the module missing Connect and apply L+ 

Configuration /  
parameterization error 

Wrong parameters transferred to 
module 

Reparameterize module 

Overload of the output Remedy overload 
Short-circuit to ground 

Short-circuit of output QV to MANA Remedy short-circuit 

Actuator is too high-resistance 
Use another actuator type or wire 
differently, e.g. use cables with a 
larger cross-section 

Interruption of the line between the 
module and actor Establish cable connection Wire-break 

Channel not connected (open) 
Deactivate channel group (parameter 
"Type of Output") 
Connect channel 

Table 12-4: Causes of error of the analog output modules 
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12.10 Alarms of the analog modules 

The main types of alarm are: 

Diagnostic alarm 

Process alarm

The following OBs and SFCs are described in more detail in the 
Online Help STEP 7®.

12.10.1 Enabling alarms
The alarms are not predefined, i.e. they are disabled if not 
parameterized. Alarm enabling is parameterized with STEP 7® (see 
Section 12). 

12.10.2 Diagnostic alarm
If the diagnostic alarms are enabled, raised (first occurrence of a 
fault) and cleared fault events (message after fault rectification) are 
signaled by alarm. 

The CPU interrupts user program execution and processes the
diagnostic alarm block OB 82. 

In the user program it is possible to call up SFC 51 or SFC 59 in the 
OB 82 to obtain detailed diagnostic information from the module. 

The diagnostic information items are consistent until exiting the OB 
82. On exiting the OB 82, the diagnostic alarm is acknowledged on 
the module. 

12.10.3 Process alarm with trigger "upper or lower limit violated"

i
No process alarm will be 
triggered, if the upper
limit has been
parameterized above 
overrange or the lower 
limit has been
parameterized below 
underrange.

Parameterizing an upper and lower limit value defines a working
range. If the process signal (e.g. the temperature) of an analog 
module exits this working range, the module triggers an alarm if the 
process alarms are enabled.

The CPU interrupts user program execution and processes process
alarm block OB 40. 

In the user program of the OB 40 it is possible to define how the 
automation system will respond to violation of the upper or lower
limit.

On exiting the OB 40, the process alarm is acknowledged on the 
module.
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12.10.4 Structure of start information variable 0B40 
Which channel has exceeded which limit value is entered in the 
start information of OB 40 in variable 0B40 POINT ADDR. Fig. 12-1 
shows the assignment to the bits of the local data double word B. 

LB 8 LB 9 LB 11

1 03130 2928 27262524
.1 .0
17 16
1 11 1

Bit-No.
LD 8

Limit value, channel 0, fallen below lower limit

Limit value, channel 1, fallen below lower limit

Limit value, channel 0, exceeded upper lower limit
Limit value, channel 1, exceeded upper lower limit

Fig. 12-1: Start
information of the OB40
indicating which event 
triggered the process
alarm at limit value 
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13 Technical Data 

13.1 Analog input module 0 to 10 V 

Order No. 700-331-0V010 
Design 8 inputs 
Measuring ranges 80 mV / 10 M

250 mV / 10 M
500 mV / 10 M
1 V / 10 M
2.5 V / 100 k
5 V / 100 k

1 ... 5 V / 100 k
10 V / 100 k

Switchover switchover of the voltage meas. ranges 
by means of relay 

Integration times parameterizable: 2.5 ms 
   16.6 ms 
   20 ms 
   100 ms 

Resolutions 9 bits + sign for 2.5 ms integration time 
12 bits + sign for 16.6 / 20 ms integr. time
14 bits + sign for 100 ms integration time 

Permissible cable lengths shielded max. 200 m 
in measuring range 80 mV max. 50 m 

Power supply 
Nominal voltage 5 V DC via backplane bus 

24 V DC via front connector (L+) 
Current consumption typ. 120 mA at 5 V (from backplane bus) 

max. 200 mA at 24 V (L+) 
Reverse polarity protection  yes
Power loss approx. 1.8 W 
Isolation isolated from backplane bus 

isolated from power supply L+ 
Permissible potential difference 
Between inputs UCM 2.5 V DC 
Between MANA and Mintern (UISO) 75 V DC / 60 V AC 
Fault signal  value 7FFFH irrespective of 

parameterization
evaluation of parameterizable signals only 
with diagnostics enabled 

Status, alarms, diagnostics 
Limit alarm parameterizable channels 0 and 2 
Diagnostic alarm parameterizable 
Diagnostic functions parameterizable 
Group fault display red LED (GRP) 
Diagnostic information read-out possible 
Connection 16-bit DEA 300 front connector (20-way) 
Dimensions 40 x 125 x 120 mm³ 
Weight approx. 220 g 
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Analog value formation 
Measurement principle integrating 
Integration / conversion time 
/ resolution (per channel) 

parameterizable

Integration time [ms] 2.5 16 2/3 20 100
Basic conversion time incl. 
integration time [ms] 

3 17 22 102

9 12 12 14

Resolution incl. under- /  
overrange
 unipolar range [bits] 
 bipolar range [bits] 9 + sign 12 +sign 12 +sign 14 +sign 
Noise suppression, error limits 
Interference voltage 
suppression for interference 
frequency f1 [Hz] 

400 60 50 10

Crosstalk between inputs [dB] >50
Error limits 
Operational limit 0.6 %  

over entire temperature range with 
reference to nominal range 

Basic error limit 0.5 %  
operational limit at 25 °C with reference 
to nominal range 

Temperature error with reference to nominal range 
±0.005 %/K  

Linearity error  with reference to nominal range 
±0.05 % 

Repeatability  
in settled state at 25 °C 

with reference to nominal range 
±0.05 % 

Table 13-1: Technical data 700-331-0V010 
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13.2 Analog input module 4 to 20 mA 

Order No. 700-331-4MA20 
Design 8 inputs 
Measuring ranges 
4-wire transmitter 

2-wire transmitter 

±3.2 mA / 25 
±10 mA / 25 
±20 mA / 25 
0 ... 20 mA / 25 
4 ... 20 mA / 25 

4 ... 20 mA / 25 
Switchover switchover of current measuring ranges 

by means of relay 
Integration times parameterizable: 2.5 ms 

   16.6 ms 
   20 ms 
   100 ms 

Resolutions 9 bits + sign for 2.5 ms integration time 
12 bits + sign for 16.6 / 20 ms integr. time
14 bits + sign for 100 ms integration time 

Permissible cable lengths shielded max. 200 m 
Power supply 
Nominal voltage 5 V DC via backplane bus 

24 V DC via front connector (L+) 
Current consumption typ. 120 mA at 5 V (backplane bus) 

max. 200 mA at 24 V (L+) 
Reverse polarity protection  yes
Power loss approx. 7 W (without supply current for 

2DMU)
Power supply for transducer 
Supply current max. 60 mA per channelgroup 
Short-circuit-proof yes
Isolation isolated from backplane bus 

isolated from power supply L+ 
Permissible potential difference 
Between MANA and Mintern (UISO) 75 V DC / 60 V AC 
Fault signal value 7FFFH irrespective of 

parameterization
evaluation of parameterizable signals only 
with diagnostics enabled 

Status, alarms, diagnostics 
Limit alarm parameterizable channels 0 and 2 
Diagnostic alarm parameterizable 
Diagnostic functions parameterizable 
Group fault display red LED (GRP) 
Diagnostic information read-out possible 
Connection 16-bit DEA 300 front connector (20-way) 
Dimensions 40 x 125 x 120 mm³ 
Weight approx. 220 g 
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Analog value formation 
Measurement principle integrating 
Integration / conversion time 
/ resolution (per channel) 
Parameterizable yes
Integration time [ms] 2.5 16 2/3 20 100
Basic conversion time incl. 
integration time [ms] 

3 17 22 102

open-circuit monitoring 
per channel [ms] 

0.5 0.5 0.5 0.5

9 12 12 14
Resolution incl. overrange  
 unipolar range [bits] 
 bipolar range [bits] 9 +sign 12 +sign 12 +sign 14 +sign 
Noise suppression, error limits 
Interference voltage 
suppression for interference 
frequency f1 [Hz] 

400 60 50 10

Crosstalk between inputs [dB] >50
Error limits 
Operational limit 0.6 % 

over entire temperature range with 
reference to nominal range 

Basic error limit 0.5%
operational limit at 25 °C with reference 
to nominal range 

Temperature error with reference to nominal range
±0.005 %/K   

Linearity error with reference to nominal range
±0.05 %/K   

Repeatability in settled state at 
25 °C 

with reference to nominal range 
±0.05 % 

Table 13-2: Technical data 700-331-4MA20 
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13.3 Analog input module PT100 

Order No. 700-331-PT100 
Design 4 inputs, 4-wire connection 
Measuring ranges 100  / 10 M

150  / 10 M
150  / 10 M
Pt 100 Climate / 10 M
Pt 100 Std. / 10 M
Ni 100 Climate / 10 M
Ni 100 Std. / 10 M

Integration times parameterizable: 2.5 ms 
   16.6 ms 
   20 ms 
   100 ms 

Resolutions 9 bits + sign for 2.5 ms integration time 
12 bits + sign for 16.6 / 20 ms integr. time
14 bits + sign for 100 ms integration time 

Permissible cable lengths shielded max. 200 m 
Power supply 
Nominal voltage 5 V DC via backplane bus 

24 V DC via front connector (L+) 
Current consumption typ. 120 mA at 5 V (backplane bus) 

max. 200 mA at 24 V (L+) 
Reverse polarity protection  yes
Power loss approx. 7 W 
Constant current for resistance sensors 
Typically 1.67 mA
Isolation isolated from backplane bus 

isolated from power supply L+ 
Permissible potential difference 
between MANA and Mintern (UISO) 75 V DC / 60 V AC 
Fault signal value 7FFFH irrespective of 

parameterization
evaluation of parametrizable signals only 
with diagnostics enabled 

Status, alarms, diagnostics 
Limit alarm parameterizable channels 0 and 2 
Diagnostic alarm parameterizable 
Diagnostic functions parameterizable 
Group fault display red LED (GRP) 
Diagnostic information read-out possible 
Connection 16-bit DEA 300 front connector (20-way) 
Dimensions 40 x 125 x 120 mm³ 
Weight approx. 220 g 
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Analog value formation 
Measurement principle integrating 
Integration / conversion time 
/ resolution (per channel) 
Parameterizable yes
Integration time [ms] 2.5 16 2/3 20 100
Basic conversion time incl. 
integration time [ms] 

3 17 22 102

Resolution incl.  
overrange
Unipolar [bits] 9 12 12 14
Noise suppression, error limits 
Interference voltage 
suppression for interference 
frequency f1 [Hz] 

400 60 50 10

Crosstalk between inputs [dB] >50   
Error limits 
Operational limit 0.6% 

over entire temperature range with 
reference to nominal range 

Basic error limit 0.5%
operational limit at 25 °C with reference 
to nominal range 

Temperature error with reference to nominal range
±0.005 %/K   

Linearity error  with reference to nominal range
±0.05 %/K   

Repeatability in settled state at 
25 °C 

with reference to nominal range 
±0.05 % 

Characteristic linearization parameterizable for: 
Resistance thermometer Pt 100 (Standard, Climate range acc. to  

IEC 751) 
Ni 100 (Standard, Climate range)

Table 13-3: Technical data 700-331-PT100 
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13.4 Analog output module 2 outputs 

Order No. 700-332-5HB01 
Design 2 outputs for connecting analog 

actuators
Input ranges 
(Nominal range) 

Voltage: ±10 V 
  0 to 10 V 
  1 to 5 V 
Current: ±20 mA 
  0 to 20 mA 
  4 to 20 mA 

Connection of the actuators For voltage output 
– 4-wire connection (meas. line) possible 
For current output 
– 2-wire connection 

Load resistance 
(in nominal range of the 
output) 

For voltage outputs min. 1 k
– capacitive load max. 1 μF 
For current outputs max. 500 
– for UCM < 1V max. 600 
– inductive load max. 10 mH 

Voltage output  Short-circuit protection yes 
Short-circuit current max. 25 mA 

Current output  Open-circuit voltage max. 18 V 
Destruction limit against  
externally applied voltages/ 
currents

Voltage at the outputs 
 against MANA max. ±18 V 
permanent;  75 V for max. 1 s (duty 
factor 1:20) 
Current max. DC 50 mA 

Permissible cable lengths shielded max. 200 m 
Power supply 
Nominal voltage 5 V DC via backplane bus 

24 V DC via front connector (L+) 
Current consumption typ. 100 mA at 5 V (backplane bus) 

max. 200 mA at 24 V (L+) 
Reverse polarity protection  yes
Power loss approx. 3 W 
Isolation isolated from backplane bus 

isolated from power supply L+ 
Permissible potential difference 
between MANA and Mintern (UISO) DC 75 V / AC 60 V  
between S– and MANA (UCM) DC 3 V 
Fault signal value 7FFFH irrespective of 

parameterization
evaluation of parametrizable signals only 
with diagnostics enabled 

Status, alarms, diagnostics 
Diagnostic alarm parameterizable 
Diagnostic functions parameterizable 
Group fault display red LED (GRP) 
Diagnostic information read-out possible 
Connection 16-bit DEA 300 front connector (20-way) 
Dimensions 40 x 125 x 120 mm³ 
Weight approx. 220 g 
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Analog value formation 
Resolution
(incl. overrange) 

± 10 V; ± 20 mA; 4 to 20 mA; 1 to 5 V: 
  11 bits + sign 
0 to 10 V; 0 to 20 mA: 
  12 Bit 

Conversion time (per channel) max. 0,8 ms 
Settling time for ohmic load  0.2 ms 

for capacitive load 3.3 ms 
for inductive load 0.5 ms (1 mH) 
   3.3 ms (10 mH) 

Interference suppression, limits of error 
Cross-talk between the outputs >40 dB   
Limits of error 
Operational limit Voltage output   0.5 % 

Current output   0.6 % 
In the overall temperature range with 
reference to output range 

Basic error limit Voltage output   0.4 % 
Current output   0.5 % 
Operational limit at 25 °C with reference 
to nominal range 

Temperature error With reference to output range 
0.002 %/K 

Linearity error With reference to output range 
±0.05 %/K 

Repeatability in settled state 
at 25 °C 

With reference to nominal range 
±0.05 % 

Output ripple; bandwidth 0 to 50 kHz, with reference to output 
range ±0.05 %

Table 13-4: Technical data 700-332-5HB01 
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13.5 Analog output module 4 outputs 

Order No. 700-332-5HD01 
Design 4 outputs for connecting analog 

actuators
Input ranges 
(Nominal range) 

Voltage: ±10 V 
  0 to 10 V 
  1 to 5 V 
Current: ±20 mA 
  0 to 20 mA 
  4 to 20 mA 

Connection of the actuators For voltage output 
– 4-wire connection (meas. line) possible 
For current output 
– 2-wire connection 

Load resistance 
(in nominal range of the 
output) 

For voltage outputs min. 1 k
– capacitive load max. 1 μF 
For current outputs max. 500 
– for UCM < 1V max. 600 
– inductive load max. 10 mH 

Voltage output  Short-circuit protection yes 
Short-circuit current max. 25 mA 

Current output  Open-circuit voltage max. 18 V 
Destruction limit against  
externally applied voltages/ 
currents

Voltage at the outputs 
 against MANA max. ±18 V 
permanent;  75 V for max. 1 s (duty 
factor 1:20) 
Current max. DC 50 mA 

Permissible cable lengths shielded max. 200 m 
Power supply 
Nominal voltage 5 V DC via backplane bus 

24 V DC via front connector (L+) 
Current consumption typ. 100 mA at 5 V (backplane bus) 

max. 200 mA at 24 V (L+) 
Reverse polarity protection  yes
Power loss approx. 3 W 
Isolation isolated from backplane bus 

isolated from power supply L+ 
Permissible potential difference 
between MANA and Mintern (UISO) DC 75 V / AC 60 V  
between S– and MANA (UCM) DC 3 V 
Fault signal value 7FFFH irrespective of 

parameterization
evaluation of parametrizable signals only 
with diagnostics enabled 

Status, alarms, diagnostics 
Diagnostic alarm parameterizable 
Diagnostic functions parameterizable 
Group fault display red LED (GRP) 
Diagnostic information read-out possible 
Connection 16-bit DEA 300 front connector (20-way) 
Dimensions 40 x 125 x 120 mm³ 
Weight approx. 220 g 
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Analog value formation 
Resolution
(incl. overrange) 

± 10 V; ± 20 mA; 4 to 20 mA; 1 to 5 V: 
  11 bits + sign 
0 to 10 V; 0 to 20 mA: 
  12 Bit 

Conversion time (per channel) max. 0,8 ms 
Settling time for ohmic load  0.2 ms 

for capacitive load 3.3 ms 
for inductive load 0.5 ms (1 mH) 
   3.3 ms (10 mH) 

Interference suppression, limits of error 
Cross-talk between the outputs >40 dB   
Limits of error 
Operational limit Voltage output   0.5 % 

Current output   0.6 % 
In the overall temperature range with 
reference to output range 

Basic error limit Voltage output   0.4 % 
Current output   0.5 % 
Operational limit at 25 °C with reference 
to nominal range 

Temperature error With reference to output range 
0.002 %/K 

Linearity error With reference to output range 
±0.05 %/K 

Repeatability in settled state 
at 25 °C 

With reference to nominal range 
±0.05 % 

Output ripple; bandwidth 0 to 50 kHz, with reference to output 
range ±0.05 %

Table 13-5: Technical data 700-332-5HD01 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 70 of 2133



70 AEA 300

14 Starting Up Analog Input Modules 

14.1 Analog input module 0 to 10 V 

The functions of the 700-331-0V010 analog input module are set 
with the STEP 7® software. Parameterization is performed using the 
Siemens 6ES7-331-7KF02 module. 

The module does not have a measuring range module, measuring
range switchover operations are performed software-controlled via 
internal relays. Wire-break monitoring is not supported.

"E" must be set as the measuring type. Other measuring types are 
ignored by the 700-331-0V010 module or answered with a system 
error.

Fig. 14-1:
Parameterization of the
700-331-0V010 analog
input module 

The 8 channels of the 700-331-0V010 analog input module are 
parameterized in 4 channel groups with 2 channels each. Table 14-1 
contains the channel group numbers required for parameterization
in the user program SFC (58). 

Only channels 0 and 2 can be parameterized with limit value 
monitoring.

Channel 0
Channel 1 

Channel group 0 

Channel 2
Channel 3 Channel group 1 

Channel 4 
Channel 5 

Channel group 2 

Channel 6 
Channel 7 

Channel group 3 

Table 14-1: Channel group numbers of the 700-331-0V010 module

Table 14-2 contains the settable parameters and their defaults.
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Non-connected channels

Non-connected inputs (channels) must be connected in parallel to 
unused channels. Unused groups can be connected with ground 
MANA (terminal 11). Open inputs adversely affect the noise immunity 
of the entire module. 

Reducing the cycle time of the module enables you to parameterize 
the unused channel groups as "deactivated" under Measurement - 
Measuring Type. 

Parameter Value range Default Type of 
parameter

Scope of 
action

Enable

Diagnostic alarm yes / no no dynamic module 

Process alarm on limit 
violation 

yes / no no dynamic module 

Trigger for process 
alarm

restrictions due to 
measuring range 
possible

Upper limit value from -32512 to 32511 - dynamic channel 

Lower limit value from -32512 to 32511 - dynamic channel 

Diagnostics 

Group diagnostics yes / no no static channel 
group

With wire-break check yes / no no static channel 
group

Measuring type deactivated 

E voltage E dynamic channel 

Measuring range 80 mV 
250 mV 
500 mV 
1 V 
2.5 V 
5 V 

1 ... 5 V 
10 V 

±10 V 

Interference frequency 
suppression 

400 Hz; 60 Hz; 50 Hz; 
10 Hz 

50 Hz 

Table 14-2: Overview of parameter set for the 700-331-0V010 module 
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14.2 Analog input module 20 mA 

The functions of the 700-331-4MA20 0V010 analog input module 
are set with the STEP 7® software. Parameterization is performed
using the Siemens 6ES7-331-7KF02 module. 

The module does not have a measuring range module, measuring
range switchover operations are performed software-controlled via 
internal relays.

Open-circuit monitoring is possible in measuring range "4...20mA". 
If open-circuit monitoring is active, the module detects a current
<1.185 mA. The wire-break is indicated by the group fault LED 
lighting up. The diagnostic bytes must be evaluated by the user.

If the diagnostic alarm is enabled, the module also triggers a 
diagnostic alarm. If the wire-break monitoring is not activated, the 
module will trigger a diagnostic alarm on reaching underflow. 

"2DMU" must be set as the measuring type for 2-wire transmitter or 
"4DMU" for 4-wire transmitter. Other measuring types are ignored
by the 700-331-4MA20 module or answered with a system error. 

The selected integration time determines the possible resolution, see
Technical Data. 

Fig. 14-2:
Parameterization of the
700-331-4MA20 analog
input module 

Table 14-4 contains the settable parameters and their defaults.

The 8 channels of the 700-331-4MA20 analog input module are 
parameterized in 4 channel groups with 2 channels each. Table 14-3 
contains the channel group numbers required for parameterization
in the user program SFC (58). 

Only channels 0 and 2 can be parameterized with limit value 
monitoring.
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Channel 0  
Channel 1 

Channel group 0 

Channel 2  
Channel 3 Channel group 1 

Channel 4 
Channel 5 

Channel group 2 

Channel 6 
Channel 7 

Channel group 3 

Table 14-3: Channel group numbers of the 700-331-4MA20 module 

Parameter Value range Default Type of 
parameter

Scope of 
action

Enable

Diagnostic alarm yes / no no dynamic module 

Process alarm on limit 
violation 

yes / no no dynamic module 

Trigger for process 
alarm

restrictions due to 
measuring range possible 

Upper limit value from -32512 to 32511 - dynamic channel 

Lower limit value from -32512 to 32511 - dynamic channel 

Diagnostics 

Group diagnostics yes / no no static channel 
group

With wire-break check 
(open-circuit 
monitoring) 

yes / no no static channel 
group

Measurement 

Measuring type deactivated U

4DMU current
(4-wire transmitter) 

dynamic channel 

2DMU current
(2-wire transmitter) 

Measuring range 0 ... 3.2 mA / 4DMU 
0 ... 10 mA / 4DMU 
0 ... 20 mA / 4DMU 

4 ... 20 mA / 2DMU or 
4DMU

Interference 
frequency suppression 

400 Hz; 60 Hz; 50 Hz; 10  
Hz

50 Hz 

Table 14-4: Overview of parameter set for the 700-331-4MA20 module  
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14.3 Analog input module PT100 

The functions of the 700-331-4MA20 analog input module are set 
with the STEP 7® software. Parameterization is performed using the 
Siemens 6ES7-331-7KF02 module 

The module does not have a measuring range module. 

The wire-break is indicated by the group fault LED lighting up. The 
diagnostic bytes must be evaluated by the user.

If the diagnostic alarm is enabled, the module also triggers a 
diagnostic alarm. If the wire-break monitoring is not activated, the 
module will trigger a diagnostic alarm on reaching underflow. 

"RT" or „R-4L“ must be set as the measuring type. Other measuring
types are ignored by the 700-331-PT100 module or answered with a 
system error.

Channels 0 and 2 can be parameterized with limit value monitoring.

The selected integration time determines the possible resolution, see
Technical Data. 

Fig. 14-3:
Parameterization of the
700-331-PT100 analog
input module 

Table 14-5 contains the settable parameters and their defaults.

Only channels 0 and 2 can be parameterized with limit value 
monitoring.
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Parameter Value range Default Type of 
parameter

Scope of 
action

Enable

Diagnostic alarm yes / no no dynamic module 

Process alarm on limit 
violation 

yes / no no dynamic module 

Trigger for process 
alarm

restrictions due to 
measuring range possible

Upper limit value from 0 
to 32511 

- dynamic channel 

Lower limit value from 0
to 32511 

- dynamic channel 

Diagnostics 

Group diagnostics yes / no no static channel 
group

With wire-break 
check (open-circuit 
monitoring) 

yes / no no static channel 
group

Measurement 

Measuring type deactivated 

RT
R-4L

U dynamic channel 

Measuring range Pt 100 Std. 
Pt 100 Cl. 
Ni 100 Std. 
Ni 100 Cl. 
100
150
600

Interference 
frequency suppression 

400 Hz; 60 Hz; 50 Hz;  
10 Hz 

50 Hz 

Table 14-5: Overview of parameter set for the 700-331-PT100 module 

Channel groups for resistance measurement 

In "resistance measurement" there is only one channel per group. 
The first channel of the group provides the measured value, the 2nd 
channel of the group is assigned the overflow value 7FFFH.
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14.4 2 x 12 bits output module 

i
When the nominal load
voltage L+ is switched
on/off, incorrect output 
values may be present at
the output for approx.
10 ms.

The functions of the analog output module 700-332-5HB01 are set 
with the STEP 7® software. Parameterization is performed using the 
Siemens module 6ES7-332-5HB01.

Diagnostics
The diagnostic bytes must be evaluated by the user.

If the diagnostic alarm is enabled, the module also triggers a 
diagnostic alarm.

Wire-break check performed for current outputs only.
Short-circuit testing for voltage outputs only.

The module is preset to voltage output ±10 V. 

Substitute values

The behavior of the module can be parameterized for STOP mode: 

76 AEA 300

Outputs de-energized 

Hold last value

Connect substitute values – the substitute values must be in the 
output range!

Substitute values for output ranges 1 … 5 V and 4 … 20 mA 

To de-energize the output, substitute value E5000H must be set.

Connection of the analog outputs 

The outputs can be parameterized or deactivated as a voltage or
current output with the "output type" parameter. When 
"deactivated", the output is de-energized and can be left open.

i
If output ranges are 
changed during 
operation of the 700-
322-5HB01, incorrect
intermediate values may
arise at the output.

Parameter assignment to channels

Each output channel can be parameterized singly, i.e. each output 
channel can have its own parameters.

On parameterization with SFCs in the user program, the parameters 
are assigned to channel groups, each output channel being assigned
to a channel group, e.g. output channel 0 = channel group 0. 
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Fig. 14-4:
Parameterization of the
700-332-5HB01 analog
output module

Parameter Value range Default Type of 
parameter

Scope of 
action

Enable

Diagnostic alarm yes / no no dynamic module

Diagnostics yes / no no dynamic module

Group diagnostics yes / no no static channel
group

With wire-break
check (open-circuit
monitoring)

yes / no no static channel
group

Output voltage
current
deactivated

voltage dynamic channel
group

Output range 1 … 10 V 
0 … 10 V 
±10 V 
0 … 20 mA 
4 … 20 mA 
±20 mA 

±10 V 

Table 14-6: Overview of parameter set for the 700-332-5HD01 module
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14.5 4 x 12 bits output module 

i
When the nominal load
voltage L+ is switched
on/off, incorrect output 
values may be present at
the output for approx.
10 ms.

The functions of the analog output module 700-332-5HD01 are set 
with the STEP 7® software. Parameterization is performed using the 
Siemens module 6ES7-332-5HD01.

Diagnostics
The diagnostic bytes must be evaluated by the user.

If the diagnostic alarm is enabled, the module also triggers a 
diagnostic alarm.

Wire-break check performed for current outputs only.
Short-circuit testing for voltage outputs only.

The module is preset to voltage output ±10 V. 

Substitute values

The behavior of the module can be parameterized for STOP mode: 

78 AEA 300

Outputs de-energized 

Hold last value

Connect substitute values – the substitute values must be in the 
output range!

Substitute values for output ranges 1 … 5 V and 4 … 20 mA

To de-energize the output, substitute value E5000H must be set.

Connection of the analog outputs 

The outputs can be parameterized or deactivated as a voltage or
current output with the "output type" parameter. When 
"deactivated", the output is de-energized and can be left open.

i
If output ranges are 
changed during 
operation of the 700-
322-5HD01, incorrect 
intermediate values may
arise at the output.

Parameter assignment to channels

Each output channel can be parameterized singly, i.e. each output 
channel can have its own parameters.

On parameterization with SFCs in the user program, the parameters 
are assigned to channel groups, each output channel being assigned
to a channel group, e.g. output channel 0 = channel group 0. 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 79 of 2133



AEA 300 79

Fig. 14-5:
Parameterization of the
700-332-5HD01 analog
output module

Parameter Value range Default Type of 
parameter

Scope of 
action

Enable

Diagnostic alarm yes / no no dynamic module

Diagnostics yes / no no dynamic module

Group diagnostics yes / no no static channel
group

With wire-break
check (open-circuit
monitoring)

yes / no no static channel
group

Output voltage
current
deactivated

voltage dynamic channel
group

Output range 1 … 10 V 
0 … 10 V 
±10 V 
0 … 20 mA 
4 … 20 mA 
±20 mA 

±10 V 

Table 14-7: Overview of parameter set for the 700-332-5HD01 module
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15 Ordering data 
Systeme-Helmholz 
Order No.

Sectional rail 
Sectional rail length 160 mm 700-390-1AB60
Sectional rail length 482 mm 700-390-1AE80
Sectional rail length 530 mm 700-390-1AF30
Sectional rail length 830 mm 700-390-1AJ30 
Sectional rail length 2000 mm 700-390-1BC00 

Front connector 
20-way front connector with screw terminals 700-392-1AJ10 
20-way front connector with spring-loaded 
terminals 

700-392-1BJ00 

40-way front connector with EasyConnect® 700-392-1AM10 
40-way front connector with screw terminals 700-392-1AM00 

Analog input module 
Analog input module 0 - 10 V 700-331-0V010 
Analog input module 20 mA 700-331-4MA20 
Analog input module PT100 700-331-PT100 

Analog output module 
Analog output module AO 2 x 12 Bit 700-332-5HB01 
Analog output module AO 4 x 12 Bit 700-332-5HD01 
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All rights are reserved, including those of translation, reprinting, 
and reproduction of this manual, or parts thereof. No part of this 
manual may be reproduced, processed, copied, or transmitted in 
any way whatsoever (photocopy, microfilm, or other method) 
without the express written permission of Systeme Helmholz 
GmbH, not even for use as training material, or using electronic 
systems.  All rights reserved in the case of a patent grant or 
registration of a utility model or design. 

Copyright © 2003, 2004, 2005, 2006 by  

Systeme Helmholz GmbH 

Gewerbegebiet Ost 36, 91085 Weisendorf 

 

 

 

Note: 

We have checked the content of this manual for conformity with 
the hardware and software described. Nevertheless, because 
deviations cannot be ruled out, we cannot accept any liability for 
complete conformity. The data in this manual have been checked 
regularly and any necessary corrections will be included in 
subsequent editions. We always welcome suggestions for 
improvement. 

 

Indication: 

Use +60/75 °C copper wire only 

Use Class 1 wire only or equivalent 

Suitable for pollution degree 2 environment only 

Connected to 5 V Bus only 

 

 

 

 

 

 

 

 

 

 

 

 

 
STEP SIMATIC, and S7-300 are registered trademarks of SIEMENS AG 

Third parties using for their own purposes any other names in this document which refer to trademarksmight infringe upon 
the rights of the trademark owners. 
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1 Safety Information 
Please observe the safety information given for your own and other 
people's safety. The safety information indicates possible hazards 
and provides information about how you can avoid hazards. 

The following symbols are used in this manual. 

!  Caution, indicates hazards and sources of error 

i  gives information 

 hazard, general or specific 

 danger of electric shock

1.1 General 
The DEA 300 Digital Input and Output Modules are only used as 
parts of a complete system. 

 

!  The operator of a machine system is responsible for observing all 
safety and accident prevention regulations applicable to the application in 
question. 

 

 During configuration, safety and accident prevention rules specific 
to the application must be observed. 

 

 Emergency OFF facilities according to EN 60204 / IEC 204 must 
remain active in all modes of the machine system. The system must not 
enter an undefined restart. 

 

 Faults occurring in the machine system that can cause damage to 
property or injury to persons must be prevented by additional external 
equipment. Such equipment must also ensure entry into a safe state in the 
event of a fault. Such equipment includes, for example, electromechanical 
safety buttons, mechanical interlocks, etc. (see EN 954-1, risk estimation). 

 

 Never execute or initiate safety-related functions using the 
modules. 

 

 Make sure in the software that uncontrolled restarts cannot occur. 
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1.2

1.3

1.4

1.5

 Restriction of access 
The modules are open equipment and must only be installed in 
electrical equipment rooms, cabinets, or housings. Access to the 
electrical equipment rooms, barriers, or housings must only be 
possible using a tool or key and only permitted to personnel having 
received instruction or authorization. See also Chapter 2. 

 
Only authorized persons 
must have access to the 
modules! 

Information for the user  

 
During configuration it 
is imperative to observe 
the safety and accident 
prevention rules 
applicable in the 
particular application. 

This manual is addressed to anyone wishing to configure, use, or 
install the DEA 300 modules. 

It is intended to show the user how to operate the DEA 300 and 
explain the signaling functions. It provides the installing technician 
with all the necessary data. 

The DEA 300 module is exclusively for use with an S7-300 
programmable controller from Siemens or with a PAS 300 Profibus 
Slave Interface from Systeme Helmholz GmbH. 

DEA 300 modules are only used as part of a complete system. For 
that reason, the configuring engineer, user, and installing technician 
must observe the standards, safety, and accident prevention rules 
applicable in the particular application. The operator of the 
automation system is responsible for observing these rules. 

Use as intended 
The DEA 300 modules must only be used as a communication and 
signaling system as described in the manual. 

Avoiding use not as intended! 
Safety-related functions must not be controlled using the DEA 300 
modules alone. Make sure in the software that uncontrolled restarts 
cannot occur. The modules must only be operated in slots connected 
to a 5 V data bus. 

 
Uncontrolled restarts 
must be prevented in the 
software. 
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1.6

1.7

Installation and mounting 

 
Before you start 
installation work, all 
system components must 
be disconnected from 
their power source. 

Installation and mounting must be effected in compliance with VDE 
0100 IEC 364. Because it is an IP20 (OPEN type) module, you must 
install it in a (switching) cabinet.  
 
Ambient temperature: 0 ºC – +60 ºC. 

 

 

! During configuration, safety and accident prevention rules specific to the 
application must be observed. 

 

 

!  
Note these instructions: 

Use 60/75 °C copper wire only 

Use Class 1 wire only or equivalent 

Suitable for pollution degree 2 environment only 

Connected to 5 V bus only 

See manual for all output ratings 

 

Programmable controllers for use in  
hazardous locations  

 
 WARNING Installation and operating instructions: 

"Power, input and output (I/O) wiring must be in accordance with 
Class I, Division 2 wiring methods [Article 501-4(b) of the National 
Electrical Code, NFPA 70] and in accordance with the authority 
having jurisdiction." 

1. Suitable for use in Class I, Div. 2, Groups A, B, C and D Hazardous 
Locations or Nonhazardous locations only. 

2. WARNING - Explosion Hazard - Substitution Of Components 
May Impair Suitability For Class I, Div. 2 

3. WARNING - Explosion Hazard - Do Not Disconnect Equipment 
Unless Power Has Been Switched Off Or The Area Is Known To Be 
Nonhazardous. 
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2 Mounting 

2.1

2.2

2.3

Foreword 
This section describes planning of mechanical assembly, preparation 
of components for mounting, and final mounting itself. 

Restriction of access 
The AEA 300 module must be installed according to VDE 0100  
IEC 364. The modules are open equipment and must only be 
installed in electrical equipment rooms, cabinets, or housings. 
Access to the electrical equipment rooms, barriers, or housings must 
only be possible using a tool or key and only permitted to personnel 
having received instruction or authorization. See also 1.6. 

 
Only authorized persons 
must have access to the 
modules! 

i  
The modules can be 
mounted either vertically 
or horizontally. 

Planning assembly 
Permissible ambient temperature: 

for vertical mounting: from 0 to +40 ºC 

for horizontal mounting: from 0 to +60 ºC 

 

 

Fig. 2-1: 
Vertical and horizontal 
mounting 
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2.4 Minimum clearance 
Minimum clearances must be observed because 

it ensures cooling of the DEA 300 modules 

it provides space to insert and remove modules 

it provides space to route cables 

it increases the mounting height of the module rack to 185 mm, 
although the minimum spacing of 40 mm must still be observed 

Fig. 2-2 shows the minimum spacing between the module racks and 
between these and any adjacent cabinet walls, equipment, cable 
ducts, etc. for DEA 300s mounted in several module racks. 

 

Fig. 2-2:  
Minimum clearances for 
mounting 

 

2.5 Mounting of the modules on the DIN rail 
Sectional rail 700-390-1xxxx length see chapter 5  Ordering data. 

A bus connector is included with each signal module but not with 
the CPU. When connecting the bus connector, always start with the 
CPU. 

Take the bus connector off the last module and insert it into the 
CPU. Do not plug a bus connector into the last module of the tier. 
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Fig. 2-3:  
Plugging in bus 
connectors 

Hook on the modules (1), slide them up to the left module (2), and 
click them downward (3). 

 

Fig. 2-4: 
Using modules 

 

Screw the modules on with a torque of 0.8 to 1.1 Nm. 

 

 

Fig. 2-5:  
Screwing modules 
tight 
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3 Wiring 

3.1

3.2

3.3

Protection from external electric interference 
On all systems and plants in which the DEA 300 modules are 
installed, it is important to ensure that the system or plant is 
connected to a protective ground conductor to remove 
electromagnetic interference. 

Makes sure that all supply, signal, and bus cables are correctly 
installed and that cable routing is correct. 

Make sure, for all signal and bus cables, that a conductor or cable 
break cannot cause undefined states of the system or plant. 

!  
When dimensioning the 
cabinet make sure the 
temperature in the 
cabinet does not exceed 
60 °C even if the outside 
temperature is high. 

Current consumption and power loss 
DEA 300 modules draw the power they require to operate from the 
backplane bus. Where required, they can be powered from an 
external source. 

The total current consumption of all signal modules drawn from 
the backplane bus must not exceed the current the CPU can 
supply to the backplane bus. 

The power loss of all modules used in a cabinet must not exceed 
the maximum cabinet power that can be dissipated. 

For information about current consumption and power loss of a 
module, see the technical data of the module in question. 

i  
Isolated modules can be 
used irrespective of 
whether the reference 
potential of the 
controller is grounded or 
not. 

Mounting isolated modules 
In an assembly containing isolated modules, the reference potentials 
of the control circuit (GND internal) and the external load circuit 
(GND external) are mutually isolated. 

Isolated modules are used for DC load circuits with a separate 
reference potential. 

Examples of load circuits with a separate reference potential: 

DC load circuits whose sensors have different reference potentials, 
for example, if grounded sensors are used at a great distance from 
the controller making equipotential bonding between them 
impossible. 

DC load circuits, whose plus pole (L +) is grounded. 
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Fig. 3-1:  
Potentials in an isolated 
module assembly 

 

!  
Lighting protection must 
always be based on an 
individual assessment of 
the overall plant. 

3.4

3.5

Outdoor cable laying 
The same guidelines apply as for indoor cable laying. 

The cables must be laid on metal cable trays. 

Joints between cable trays must be conductively connected. 

Cable trays must be grounded. 

Adequate equipotential bonding between connected devices must 
also be ensured. 

Interior and exterior lightning protection must be ensured and 
such grounding measures must be taken as are suitable for the 
application in question. 

Protection from inductive overvoltages 
The DEA 300 digital output modules feature integrated overvoltage 
protection. Overvoltages arise when inductors are switched off, for 
example, relay solenoids and contactors. 

i  
The inductor supplier 
will provide information 
about the dimensioning 
of overvoltage protection 
equipment. 

Inductors only have to be provided with additional overvoltage 
protection if: 

the outputs can be switched off by additional built-in contacts, 
such as relay contacts. 

the inductors are not controlled by the modules. 
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Fig. 3-2 shows an example of an output circuit requiring additional 
overvoltage protection. 

 

 

Fig. 3-2:  
Relay contact for 
EMERG. OFF in the 
output circuit  

 

DC-operated solenoids must be connected with diodes or Zener 
diodes. 

 

 

Fig. 3-3:  
Relay with snubber 
element 

 

AC-operated solenoids are operated with varistors or RC elements. 

 

 

Fig. 3-4:  
Relay with snubber 
element 
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3.6  Wiring the DEA 300 front connector 
20-way front connector with screw-type terminal: 
 Order No 700-392-1AJ10 
 or identical but with screw or clamp terminal 

40-way front connector with EasyConnect®: 
 Order No 700-392-1AM10 
 or identical but with screw-type or snap-in terminal 

 

  

                     
Fig. 3-5: 
Helmholz 20- and 40-
way front connector  

 

3.6.1 Wire 40-way connector with EasyConnect® clamp connection 
technique 

 

Technical specifications  
  
Order number 700-392-1AM10 
  
Number of terminals 40 
Terminal type Spring 
Connectable cables Flexible cables 
Cross-section without end ferrules 0.34 – 1 mm² 
Strip-back length 8 – 10 mm 
Wire end ferrules Not required 
Open terminal 180° turn counter clockwise 
Close terminal 180° turn clockwise 
Required torque, clamp 0.15 Nm 
Required torque, screw 0.7 Nm 
Weight 60 g 
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Tighten terminals with 
fingers only, do not use a 
power screwdriver! 

The terminals are supplied closed.  

The eccentric screws are marked with a beveled side. If the beveled – 
darker side – is turned toward the terminal, the terminal opens. 

Counter clockwise - Open terminal 
Clockwise  - Close terminal 
 

The figure shows Terminals 21 and 22 open. 

 

!  
To avoid material 
fatigue, always close 
unused terminals! 

The eccentric screw is only used to open the 
terminal, it has no fixing function. Although  
the screw will still turn a few degrees on a  
closed terminal, this will not make the  
connection any more secure! 

3.6.2 Wire 20-way connector 

 

Technical specifications  
  
Order number 700-392-1AJ10 
  
Number of terminals 20 
Terminal type screw-type terminal 
Connectable cables Flexible cables 
Cross-section without end ferrules 0.25 – 1.5 mm² 
Strip-back length 6 mm 
Wire end ferrules with or without 
Required torque, screw 0.5 … 0.7 Nm 
Weight 60 g 
 

Open the DEA 300 modules (1). 

Snap the front connector into the signal module (2) 

 

 

Fig. 3-6:  
Bringing the front 
connector into the wiring 
position 
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Strip the isolation from the cables. 

 
CAUTION: When the  
power supply module 
and, in some cases, 
additionally, the load 
power supplies are 
turned on, make 
absolutely sure that 
nobody is able to come 
into contact with alive 
lines or cables. 

When using connector sleeves, crimp the sleeves with the cables. 

Insert the supplied strain relief for the loom of cables into the 
front connector (0). 

With the cables brought out from the module at the bottom, start 
with terminal 20 and then proceed wiring in the sequence of 
order terminal 20, 19, etc. (1) up to terminal 1 (2). Wiring front 
connectors 

 

 

Fig. 3-7:  
Wiring the 20-way front 
connector 

 

With the cables brought out from the module at the top, start 
with terminal 1 and then proceed wiring in the sequence of order 
terminal 1, 2, etc. up to terminal 20. 

In the case of screw-type terminals (3), screw tight also the 
connection screws of those screw-type terminals which are not 
wired. 

Tighten the strain relief for the loom of cables (4). 

Press the lock of the strain relief to the left inside so that the cable 
space can be utilised more efficiently. 

16  DEA 300 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 99 of 2133



 

3.6.3 Wire 40-way connector 

With the cables brought out from the module at the bottom, start 
with terminal 40 or 20 and then proceed wiring alternately, in the 
sequence of order terminal 39, 19, 38, 18 etc. 

Wire (1) up to terminal 29 and 1 (2). 

With the cables brought out from the module at the top, start 
with terminal 1 or 21 and then proceed wiring alternately in the 
sequence of order terminal 2, 22, 3, 23, etc. up to terminals 20 
and 40. 

Close unused terminals. 

Lay the supplied strain relief around the cable loom and around 
the front connector. 

Screw the strain relief for the cable loom (4) tight, press the lock 
of the strain relief to the left inside so that the cable space can be 
utilised more efficiently. 

 

 

Fig. 3-8:  
Wiring the 40-way front 
connector 
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4 Digital Modules 

4.1

4.2

Foreword 
Different digital modules are available for connection of sensors and 
encoders and/or loads and actuators. 

This section provides the technical data of the digital modules. It 
also provides information about features, exceptions, module view, 
and block diagrams of the digital modules. 

Digital input modules 
The following digital input modules are described in this section: 

700-321-1BL00  DI 32 x 24 V DC 

700-321-1BH02  DI 16 x 24 V DC 

700-321-7BH01  DI 16 x 24 V DC 

700-321-7BH01  DI 16 x 24 V DC 

4.2.1 DEA DI 32 x 24 V DC 

Order number: 700-321-1BL00 

The DI 32 x 24 V DC has the following features: 

32 inputs, isolated from the backplane bus 

Nominal input voltage 24 V DC 

Connection of 2-wire proximity switches is possible 

Fig. 4-1 shows the block diagram of the DEA DI 32 x 24 V DC, 
followed by the technical data. 
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Fig. 4-1:  
View of module and 
block diagram of  
DI 32 x 24 V DC 
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Technical data  
  
Order number 700-321-1BL00 
  
Number of inputs 32 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 16 
  
Input voltage  

nominal value DC 24 V 
for signal "0" -3 ... +5 V 
for signal "1" +13 ... +30 V 

  
Input current  

for signal "1" typ. 7 mA 
  
Delay time typ. 1.2 ... 4.8 ms 
  
Connection of 2-wire initiator yes 
permissible quiescent current for signal "0" max. 1.5 mA 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 20 mA 
external - 

  
Power loss (nominal operation) typ. 6.8 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 °C ... +60 °C 
temperature during transport and storage -25 °C ... +75 °C 

  
Weight 260 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 40-way 

 

4.2.2 DEA DI 16 x 24 V DC 

Order number: 700-321-1BH02 

The DI 16 x 24 V DC has the following features: 

16 inputs, isolated from the backplane bus 

Nominal input voltage DC 24 V 

Connection of 2-wire proximity switches is possible 

Fig. 4-2 shows the block diagram of the DEA DI 16 x 24 V DC, 
followed by the technical data. 
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Fig. 4-2:  
View of module and 
block diagram of  
DI 16 x 24 V DC 

Technical data  
  
Order number 700-321-1BH02 
  
Number of inputs 16 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 16 
  
Input voltage  

nominal value DC 24 V 
for signal "0" -3 ... +5 V 
for signal "1" +13 ... +30 V 

  
Input current  

for signal "1" typ. 7 mA 
  
Delay time typ.1.2 ... 4.8 ms 
  
Connection of 2-wire initiator yes 

permissible quiescent current for signal "0" max. 1.5 mA 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 30 mA 
  
Power loss (nominal operation) typ. 3.5 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 °C ... +60 °C 
temperature during transport and storage -25 °C ... +75 °C 

  
Weight 180 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 20-way 
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4.2.3 DEA DI 16 x 24 V DC Source Input 

Order number: 700-321-1BH50 

The DI 16 x 24 V DC source input has the following features: 

16 inputs, source input, isolated in groups of 16  

24 V DC rated input voltage  

Suitable for switches and two / three / four-wire proximity 
switches (BEROs) 

Fig. 4-3 shows the block diagram of the DI 16 x 24 V DC (source 
input), followed by the technical data. 

 

 

Fig. 4-3:  
View of module and 
block diagram of 
DI 16 x 24 V DC 
(source input) 
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Technical data  
  
Order number 700-321-1BH50 
  
Number of inputs 16 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 16 
  
Input voltage, reference potential L+  

nominal value 24 V DC 
for signal "0" +30 ... -5 V 
for signal "1" -13 ... -30 V 

  
Input current  

for signal "1" typ. 7 mA 
  
Delay time typ. 1,2 ... 4,8 ms 
  
Connection of 2-wire initiator yes 

permissible quiescent current for signal "0" max. 1,5 mA 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 10 mA 
  
Power loss (nominal operation) typ. 3,5 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 ... +60 °C 
temperature during transport and storage -25 ... +75 °C 

  
Weight 180 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 20-way 

 

4.2.4 DEA DI 16 x 24 V DC with Hardware and Diagnostic 
Interrupts 

Order number: 700-321-7BH01 

The DI 16 x 24 VDC with hardware and diagnostic interrupts has the 
following features: 

16 inputs, isolated in one group 

24 VDC rated input voltage 

Input characteristic curve according to IEC 61131, Type 2 

Suitable for switches and two / three / four-wire BEROs (proximity 
switches) 

2 short-circuit-proof sensor supplies for 8 channels each 

External redundant power supply possible to supply sensors 

“Sensor supply (Vs)” status display 

Group error display (SF) 

Supports the “parameter changing during the RUN” function 
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Programmable diagnostics 

Programmable diagnostic interrupt 

Programmable hardware interrupt 

Programmable input delays 

Fig. 4-4 shows the block diagram of the DEA DI 16 x 24 VDC with 
hardware and diagnostic interrupts, followed by the technical data. 

 

Fig. 4-4: View of module 
and block diagram of 
DI 16 x 24 V DC with 
hardware and diagnostic 
interrupts 
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Technical data  
  
Order number 700-321-7BH01 
  
Number of inputs 16 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 16 
  
Supports clocked operation no 
  
Parameter changing during the RUN is 
possible 

yes 

  
Behavior of the non parameterized 
inputs 

gives the last valid 
output value before the 
parameterization 

Interrupts 
Diagnostic interrupt 
 
Hardware interrupt 

 
Parameters can be 
assigned 
Parameters can be 
assigned 

  
Diagnostic functions 
 

Group error display 
Diagnostics information read-out 

Parameters can be 
assigned 
Red LED (SF) 
Possible 

  
Status display 

Inputs 
Sensor power supplies (Vs) 

 
Green LED per channel 
Green LED per output 

  
Monitoring of Wire-break yes, at I < 1 mA 
  
Power rated voltage of the 
electronics and encoder L+ 

DC 24 V 

  
Sensor Power Supply Outputs  

Number of outputs 2 
Output voltage with load min. L+ (-2,5 V) 
Output current - Rated value 120 mA 
Output current - Permitted range 0 … 150 mA 
Additional redundant supply Permitted 
Short-circuit protection Yes, electronic 

  
Input voltage  

Rated value DC 24 V 
For signal "1" -30 … +5 V 
For signal "0" +13 … +30 V 

  
Input current  

At signal "1" typ. 7 mA 
  
Input characteristic curve According to IEC 61131, 

type 2 
  
Connection of Two-Wire 
BEROs 

Possible 

Permitted bias current for Signal "0" max. 2 mA 
  
Resistive circuit of the sensor 
for detecting broken wires 

10 … 18 k  

Length of cable unshielded max. 600 m 
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Length of cable shielded max. 1000 m 
  
Time/Frequency  
Internal processing time for status 
processing (in non synchronous operation) 

 

Release of process and diagnosis alarm < 2 μs 
  
Input delay (EV)  

Parameters can be assigned yes 
Rated value typ. 0,1/0,5/3/15/20 ms 

  
Current consumption  

internal max. 130 mA 
From load voltage L + without sensor 
supply VS 

max. 90 mA 

  
Power loss (nominal operation) typ. 4 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 … +60 °C 
temperature during transport and storage -25 … +75 °C 

  
Weight 200 g 
Dimensions W x H x D (in millimeters) 40 x 125 x 117 
Front connector 40-way 

 

4.2.4.1 Parameterising the module 
Use STEP 7® to parameterise the digital module for 16 x 24 V DC 
with process and diagnostic interrupts. The parameterisation must 
be performed with the CPU in the STOP condition. 

Once all parameters are defined, they can be loaded from the PG 
(programming device) into the CPU. When the mode state of the 
CPU changes from STOP to RUN, the parameters are transferred to 
the relevant digital modules. 

4.2.4.2 Static and dynamic parameters 
The parameters are divided into static and dynamic parameters. 

The static parameters are set with the CPU in the STOP condition, as 
described above. 

The dynamic parameters can also be modified in the currently 
running user program of the S7® control via SFC. In this case, please 
note that after a RUN  STOP / STOP  RUN change of the CPU the 
parameters set using STEP 7 are valid again. 

 

Parameter Settable with CPU Operating State 

Static PG (STEP 7® HW CONFIG) STOP 

Dynamic PG (STEP 7® HW CONFIG) STOP 

Dynamic SFC 55 in the user program RUN 

4.2.4.3 Terminal assignment for redundant supply of encoders 
The figure below shows how encoder can additionally be supplied by 
means of Vs with a redundant voltage source, for example, via 
another module. 
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Fig. 4-5: Terminal 
assignment for redundant 
supply of encoders 

 

4.2.4.4 Terminal assignment for resistive circuit of the encoder 
In order to detect a broken wire, it is necessary to wire the encoder 
contact with a resistor. 

 

 

Fig. 4-6: Terminal 
assignment for resistive 
circuit of the encoder 

 

4.2.4.5 Parameterisable and non-parameterisable diagnostic 
messages 

Parameterisable and non-parameterisable diagnostic messages 

A distinction is made between parameterisable and non-
parameterisable diagnostic messages. 

Parameterisable diagnostic messages are only available if diagnosis 
has been enabled by way of parameterisation. The parameterisation 
is performed in the parameter block "Diagnosis" in STEP 7®. 

The non-parameterisable diagnostic messages are always provided by 
the digital module, irrespective of whether or not diagnostics are 
enabled. 

Actions after a diagnostic message in STEP 7®

Each diagnostic message results in the following actions: 

The diagnostic message is entered in the diagnostics for the digital 
module and transferred to the CPU. 

The SF LED on the digital module lights up. 

If "Enable diagnostic interrupt" has been parameterised using 
STEP 7®, a diagnostic interrupt is triggered, and OB 82 is called. 
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Reading out diagnostic messages 

The individual diagnostic messages can be read out in detail using 
SFCs in the user program. 

The corresponding error causes can be displayed in the module 
diagnostics of STEP 7® (see STEP 7® online help). 

Display of diagnostic messages via the SF LED 

Errors on digital modules which are capable of performing self-
diagnostics are displayed using the SF LED (group error LED). The SF 
LED is lit as soon as a diagnostic message is triggered by the digital 
module. It goes out once all errors are rectified. 

The SF LED will also light up in case of external errors (short-circuit 
of the encoder supply), irrespective of the operating condition of the 
CPU (with POWER ON). 

Diagnostic messages interrupt processing by the digital modules 

See Section 4.2.4.8. 

4.2.4.6 Parameters of the 700-321-7BH01 DI 16 x DC 24 V 
The table below provides an overview of the parameters which can 
be set, with their default settings for the module 

700-321-7BH01 DI 16 x DC 24 V. 

The default settings are only effective if no parameterisation has 
been performed with STEP 7®. 

 

Parameter Value Range Default 
Settings

Parameter 
Type 

Scope 

     

Enable 
Diagnostic 
interrupt 
Hardware 
interrupt 

 
Yes/no 
Yes/no 

 
No 
No 

 
Dynamic 
Dynamic 

 
Module 
Module 

Input 
delay/voltage type 

0,1 ms DC 
0,5 ms DC 
3 ms DC 
15 ms DC 
20 ms DC/AC 

3 ms DC Static Module 

Diagnostics 
Sensor supply 
missing 
Wire-break 

 
Yes/no 
 
Yes/no 

 
No 
 
nein 

 
Static 
 
Static 

 
Module 
 
Module 

Trigger for 
hardware interrupt 

Rising edge 
 
Falling edge 

 
 
Yes/no 
 
Yes/no 

 
 
No 
 
No 

 
 
Dynamic 
 
Dynamic 

 
 
Channel 
group 
Channel 
group 
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Assignment of the encoder supplies to the channel groups 

The two encoder supplies for the module serve as the power supplies 
for two channel groups: 

Inputs 0 to 7; 

Inputs 8 to 15. 

The diagnosis for this encoder supply is also parameterised in these 
channel groups. 

 

Assigning interrupt parameters to channel groups 

The table below shows the channels that can be combined to create 
a channel group if you would like to parameterize interrupt 
processing. 

The channel group number is needed to set the parameters in the 
user program with an SFC. 

 

Parameter Can Be Set in Following 
Channel Groups 

Channel 
Group 
Number 

   

Hardware interrupt 
for falling, rising or both 
types of pulse 
edges 

0 and 1 
2 and 3 
4 and 5 
6 and 7 
8 and 9 
10 and 11 
12 and 13 
14 and 15 

0 
1 
2 
3 
4 
5 
6 
7 

Diagnostic interrupt 
for missing sensor supply 

0 to 7 
8 to 15 

- 
- 

Diagnostic interrupt 
for wire–break 

0 and 1 
2 and 3 

0 
1 
: 

 

Tolerances of the programmable input delays 

Programmed Input delay Tolerance 
  

0,1 ms 60 to 140 s 
0,5 ms 400 to 900 ms 
3 ms (preset) 2,6 to 3,3 ms 
15 ms 12 to 15 ms 
20 ms 17 to 23 ms 
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4.2.4.7 Behavior and Diagnostics of the Module 
700-321-7BH01 DI 16 x DC 24 V 

Effect of operating and mode supply voltage on the input values 

The input values of the Module 700-321-7BH01 DI 1 x DC 24 V 
depend on the operating mode of the CPU and on the supply 
voltage of the module. 

CPU Operating 
State 

 Power Supply L+ 
to Digital Module 

Input Value of 
Digital Module 

    

POWER ON RUN L+ exists Process value 
  L+ missing 0 signal 
 STOP L+ exists Process value 
  L+ missing 0 signal 
POWER OFF – L+ exists – 
  L+ missing – 
 

4.2.4.8 Diagnostic Messages of the Module 
700-321-7BH01 DI 16 x DC 24 V 

 

Diagnostics Message LED Scope of the 
Diagnostics 

Parameters
can be 
assigned 

    

Sensor supply missing SF Channel group Yes 
Wire-break SF Channel group Yes 
Module not parameterized SF Channel group Yes 
External auxiliary supply missing SF Module No 
Internal auxiliary power missing SF Module No 
Fuse blown SF Module No 
Incorrect parameter on module SF Module No 
Hardware interrupt lost SF Module No 

 
 
 

!  
Note 

If any errors are to be detected and displayed by way of 
parameterisable diagnostic messages, the digital module must be 
parameterised accordingly in STEP 7®. 

 

Behavior upon failure of the supply voltage 

A failure of the supply voltage of the Module 700-321-7BH01 DI 16 x 
DC 24 V is always indicated by the SF LED on the module. In 
addition to the SF LED, this information is made available on the 
module. 

The input value is initially held for 20 to 40 ms before the 0 signal is 
transferred to the CPU. Supply voltage dips < 20 ms do not modify 
the process value. 
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Failure of the supply voltage with redundant encoder incoming 
supply 

!  
Note 

If an external redundant power supply is provided for the encoder 
supply (Vs), no failure of the encoder supply is signalled in case of 
failure of the supply voltage L+. However, a failure of the internal 
and/or external auxiliary voltage and/or a tripped fuse will be 
signalled. 

 

Short-circuit of sensor supply Vs 

In case of a short-circuit of the encoder supply Vs, the relevant Vs 
LED goes out, irrespective of the parameterisation. 
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Causes of error and remedial measures 

Diagnostics 
Message 

Possible Error Cause Remedy 

Overload of sensor 
supply 

Eliminate overload 

Lack of encoder 
supply 

Short circuit of sensor 
supply to M Eliminate short circuit 

External auxiliary 
voltage missing 

Power supply L+ to 
module missing Feed supply L+ 

Power supply L+ to 
module missing Feed supply L+ 

Internal auxiliary 
voltage missing 

Fuse in module defective Replace module 

Fuse blown Fuse in module defective Replace module 

Wrong parameters 
in module 

One parameter or the 
combination of 
parameters is not 
plausible 

Reassign module parameter 

Hardware interrupt 
lost 

The module cannot send 
an interrupt, since the 
previous interrupt was 
not acknowledged; 
configuration error 
possible 

Change interrupt processing 
in CPU and reconfigure 
module parameters, if 
Required. 
The error continues until the 
module is configured with 
new parameters. 

Module not 
parameterized 

Fault during startup Reassign module parameters 
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4.2.4.9 Interrupts of the Module 700-321-7BH01 DI 16 x 
DC 24 V 

The interrupts are divided into: 

Diagnostic interrupt 

Hardware interrupt 
 

Enabling interrupts 

The interrupts are not preset – in other words, they are inhibited 
without appropriate parameter assignment. Assign parameters to the 
Interrupt Enable in STEP 7®

Diagnostic interrupt 

If diagnostic interrupts are enabled, then active error events (initial 
occurrence of the error) and departing error events (message after 
troubleshooting) are reported by means of an interrupt. 

The CPU interrupts the execution of the user program and processes 
the diagnostic interrupt block (OB 82). 

In the user program, you are able to call SFC 51 or SFC 59 in OB 82 
to obtain more detailed diagnostic information from the module. 

This diagnostic information is logical until such time as OB 82 is 
exited. When OB 82 is exited, the diagnostic interrupt is 
acknowledged on the module. 

Hardware interrupt 

The module 700-321-7BH01 DI 16 x DC 24 V can trigger a hardware 
interrupt for every channel group with a rising or falling edge, or 
both, of a signal status change. 

Perform parameter assignment one channel group at a time. It can 
be modified at any time. In RUN mode using the user program. 

Pending hardware interrupts trigger hardware interrupt processing in 
the CPU (OB 40). The CPU interrupts the execution of the user 
program or of the priority classes with low priority. 

In the user-program of the hardware interrupt OB (OB 40) it can be 
established how the programmable logic controller has to react to 
should react to a flank-change. The process-alarm is acknowledged 
to with the abandonment of the Prozeßalarm-OBs on the module. 

The module 700-321-7BH01 DI 16 x DC 24 V can buffer one 
interrupt per channel. If no higher priority run-time levels are 
waiting to be processed, the buffered interrupts of all modules are 
serviced one after the other by the CPU in accordance with the order 
in which they occurred. 

Hardware interrupt lost 

A diagnostic interrupt “hardware interrupt lost” will be triggered, if 
an interrupt has been buffered for a channel and another interrupt 
occurs on that channel before it has been processed by the CPU. 

Further interrupts on this channel are not acquired until processing 
of the interrupt buffered on this channel has been executed. 
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Interrupt-triggering channels 

The channel triggered by the hardware interrupt is entered in the 
start information of the OB 40 in the OB40_POINT_ADDR variable. 
Fig. 4-7 shows the assignment of the bits to the local data double 
word 8. 

 

Byte Variable Data type  Description 
     

6/7 OB40_MDL_ADDR WORD B#16#0 Address of the 
interrupt 
triggering module 

from 8 OB40_POINT_ADDR DWORD See 
Fig. 4-7 

Display of the 
interrupt 
triggering inputs 

 

 

Fig. 4-7: 
Startinformation of  
OB 40 

 

4.3 Digital output modules 
This section describes the following digital output modules: 

700-322-1BL00  DO 32 x 24 V DC /0.5 A 

700-322-1BH01  DO 16 x 24 V DC /0.5 A 

 

4.3.1 DEA DO 32 x 24 V DC/0.5 A 

Order number: 700-322-1BL00 

The DO 32 x 24 V DC/0.5 has the following features: 

32 outputs, isolated from the backplane bus 

Output current 0.5 A 

Nominal output voltage DC 24 V 

Suitable for solenoid valves, contactors, small-power motors, etc. 
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Fig. 4-8 shows the block diagram of the DEA DO 32 x 24 V DC/ 
0.5 A, followed by the technical data. 

 

 

Fig. 4-8:  
View of module and 
block diagram of  
DO 32 x 24 V DC/0.5 A 
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Technical data  
  
Order number 700-322-1BL00 
  
Number of outputs 32 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 8 
  
Supply voltage UP, US  

nominal value DC 24 V 
ripple Vpp max. 3.6 V 
permissible range (with ripple) 20 ... 30 V 
value at 1 < 10 ms max. 50 V 

  
Output current  

nominal value 0.5 A 
residual current max. 0.5 mA 

  
Short circuit protection electronic 
  
Limitation of inductive interrupting voltage to  -48 V 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 125 mA 
external without load max. 200 mA 

  
Power loss typ. 6.8 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 °C ... +60 °C 
temperature during transport and storage -25 °C ... +75 °C 

  
Weight 260 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 40-way 

 

4.3.2 DEA DO 16 x 24 V DC/0.5 A 

Order number: 700-322-1BH01 

The DO 16 x 24 V DC/0.5 has the following features: 

16 outputs, isolated from the backplane bus 

Output current 0.5 A 

Nominal output voltage DC 24 V 

Suitable for solenoid valves, contactors, small-power motors, etc. 

Fig. 4-9 shows the block diagram of the DEA DO 16 x 24 V DC/0.5 A, 
followed by the technical data. 
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Fig. 4-9:  
View of module and 
block diagram of DO 16 
x 24 V DC/0.5 A 

 

Technical data  
  
Order number 700-322-1BH01 
  
Number of outputs 16 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 8 
  
Supply voltage UP, US  

nominal value DC 24 V 
ripple Vpp max. 3.6 V 
permissible range (with ripple) 20 ... 30 V 
value at 1 < 10 ms max. 50 V 

  
Output current  

nominal value 0.5 A 
residual current max. 0.5 mA 

  
Short circuit protection electronic 
  
Limitation of inductive interrupting voltage to  -48 V 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1 000 m 
  
Current consumption  

internal typ. 100 mA 
external without load max. 120 mA 

  
Power loss typ. 5 W 
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Permissible ambient conditions  
ambient temperature (during operation) 0 °C ... +60 °C 
temperature during transport and storage -25 °C ... +75 °C 

  
Weight 200 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 20-way 

 

4.3.3 DEA DO 8 x 24 V DC/2.0 A 

Order number: 700-322-1BF01 

The DO 8 x 24 V DC/2.0 A has the following features: 

8 outputs, isolated from the backplane bus 

Output current 2.0 A 

Nominal output voltage 24 V DC 

Inputs suitable for solenoid valves, contactors, small-power 
motors, etc. 

Fig. 4-12 shows the block diagram of the DEA DO 8 x 24 V DC/2.0 A, 
followed by the technical data. 

 

 

 

Fig. 4-10:  
View of module and 
block diagram of DEA 
DO 8 x 24 V DC/2.0 A 
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Technical data  
  
Order number 700-322-1BF01 
  
Number of Outputs 8 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 4 
  
Supply voltage UP, US  

nominal value DC 24 V 
ripple Vpp max. 3.6 V 
permissible range (with ripple) 20 ... 30 V 

  
Short circuit protection electronic 
Short circuit current - switched-mode typ. 12 A 
Limitation of inductive interrupting voltage to -23 V 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 40 mA 
external without load max. 60 mA 

  
Power loss typ. 6.8 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 °C ... +60 °C 
temperature during transport and storage -25 °C ... +75 °C 

  
Weight 190 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 20-way 
  
Output voltage  

at signal ”1” min. L + (–0.8 V) 
  
Output current  

at signal ”1” rated value 
permitted range 

2 A 
5 mA to 2.4 A 

at signal ”0” (leakage current) max. 0.5 mA 
  
Output delay (for resistive load)  

from “0” to “1” max. 100 μs 
from “1” to “0” max. 500 μs 

  
Load resistance range 12  to 4 k  
Lamp load max. 10 W 
  
Parallel connection of 2 outputs  

for redundant triggering of a load possible (only outputs 
of the same group) 

to increase performance not possible 
  

Triggering a digital input possible 
  
Switch rate max.  

for resistive load max. 100 Hz 
Inductive loads according to IEC 947-5-1, DC 13 max. 0.5 Hz 
For lamp load  max. 10 Hz 
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4.4 Digital input/output modules 
This section describes the following digital input/output modules: 

700-323-1BL00  DI 16/DO 16 x 24 V DC / 0.5 A 

700-323-1BH00  DI 8/DO 8 x 24 V DC / 0.5 A 

4.4.1 DEA DI 16/DO 16 x 24 V DC/0.5 A 

Order number: 700-323-1BL00 

The DI 16/DO 16 x 24 V DC/0.5 has the following features: 

16 inputs, isolated from the backplane bus 

16 outputs, isolated from the backplane bus 

Nominal input voltage DC 24 V 

Nominal output voltage 2 DC 4 V 

Inputs suitable for switches and 2-wire proximity switches 
(BEROs) 

Inputs suitable for solenoid valves, contactors, small-power 
motors, etc. 

Fig. 4-11 shows the block diagram of the DEA DI 16/DO 16 x 24 V 
DC/0.5 A, followed by the technical data. 

 

 

Fig. 4-11:  
View of module and 
block diagram of 
DI 16/DO 16 x 24 V 
DC/0.5 A 
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Technical data  
  
Order number 700-323-1BL00 
  
Number of inputs 16 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 16 
  
Input voltage  

nominal value DC 24 V 
for signal "0" -3 ... +5 V 
for signal "1" +13 ... +30 V 

  
Input current  

for signal "1" typ. 7 mA 
  
Delay time typ. 1.2 ... 4.8 ms 
  
Connection of 2-wire initiator yes 
permissible quiescent current for signal "0" max. 1.5 mA 
  
Number of outputs 16 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 8 
  
Supply voltage UP, US  

nominal value DC 24 V 
ripple Vpp max. 3.6 V 
permissible range (with ripple) 20 ... 30 V 
value at 1 < 10 ms max. 50 V 

  
Output current  

nominal value 0.5 A 
residual current max. 0.5 mA 

  
Short circuit protection electronic 
Limitation of inductive interrupting voltage to  -48 V 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 90 mA 
external without load max. 120 mA 

  
Power loss typ. 6.8 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 °C ... +60 °C 
temperature during transport and storage -25 °C ... +75 °C 

  
Weight 260 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 40-way 
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4.4.2 DEA DI 8/DO 8 x 24 V DC/0.5 A 

Order number: 700-323-1BH01 

The DI 8/DO 8 x 24 V DC/0.5 has the following features: 

8 inputs, isolated from the backplane bus 

8 outputs, isolated from the backplane bus 

Nominal input voltage 24 V DC 

Nominal output voltage 24 V DC 

Inputs suitable for switches and 2-wire proximity switches 
(BEROs) 

Inputs suitable for solenoid valves, contactors, small-power 
motors, etc. 

Fig. 4-12 shows the block diagram of the DEA DI 8/DO 8 x 24 V 
DC/0.5 A, followed by the technical data. 

 

 

Fig. 4-12:  
View of module and 
block diagram of 
DI 8/DO 8 x 24 V 
DC/0.5 A 
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Technical data  
  
Order number 700-323-1BH01 
  
Number of inputs 8 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 8 
  
Input voltage  

nominal value DC 24 V 
for signal "0" -3 ... +5 V 
for signal "1" +13 ... +30 V 

  
Input current  

for signal "1" typ. 7 mA 
  
Delay time typ. 1.2 ... 4.8 ms 
  
Connection of 2-wire initiator yes 

permissible quiescent current for signal "0" max. 1.5 mA 
  
Number of outputs 8 
  
Isolation (from backplane bus) yes (via optocoupler) 
in groups of 8 
  
Supply voltage UP, US  

nominal value DC 24 V 
ripple Vpp max. 3.6 V 
permissible range (with ripple) 20 ... 30 V 
value at 1 < 10 ms max. 50 V 

  
Output current  

nominal value 0.5 A 
residual current max. 0.5 mA 

  
Short circuit protection electronic 
Limitation of inductive interrupting voltage to  -48 V 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 55 mA 
external without load max. 60 mA 

  
Power loss typ. 3.5 W 
  
Permissible ambient conditions  

ambient temperature (during operation) 0 °C ... +60 °C 
temperature during transport and storage -25 °C ... +75 °C 

  
Weight 200 g 
Dimensions W x H x D [mm] 40 x 125 x 117 
Front connector 20-way 
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4.5 Relay output modules 
This section deals with the following relay output modules: 

700-322-1HF10 8 outputs relay 5 A 

700-322-1HF20 8 outputs relay 5 A with suppressor 

700-322-1HH01 16 outputs relay 2 A 

700-322-1HF01 8 outputs relay 2 A 

4.5.1 DEA relay output module 8 relays 
230 V AC/5 A 

Order number: 700-322-1HF10 

The 700-322 DO 8 230 V AC/5 A has the following properties: 

8 outputs, floating in groups of 1 

Load voltage DC 24 V to 120 V; AC 48 V to 230 V  

Suitable for AC/DC solenoid valves, contactors, motor starters, 
small-power motors, and indicator lights 

 

Fig. 4-13 shows the block diagram of the DEA DO 8 
relays 230 V/5 A AC, followed by the technical specifications. 

 

Fig. 4-13: 
View of module 
and block diagram of 
DO 8 x 230 V AC/5 A 

1  Further wiring of the contact supply: 
 Total current 8 A at ambient temperature 30 °C 
 Total current 5 A at ambient temperature 60 °C 

44  DEA 300 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 127 of 2133



 

Technical specifications  
  
Order number 700-322-1HF10 
  
Number of outputs 8 
  
Isolation from backplane bus Yes (optocoupler) 
  
Supply voltage of the relays L+ DC 24 V 
  
Contact voltages DC 24 to 120 V 
 AC 48 to 230 V 
  
Continuous thermal current 5 A per group 
Horizontal mounting up to +30 °C 
   up to +60 °C 

max. 8 A 
max. 5 A 

Vertical mounting up to +40 °C max. 5 A 
  
Minimum load voltage/load current 10 V/5 mA 
Operation of a digital input Possible 
Short-circuit current acc. to IEC 947-5-1 with 
circuit-breaker with characteristic B 
 

cos  1.0: 600 A 
cos  0.5...0.7: 900 A 
with fuse 
Diazed 8 A: 1000 A 

Contact connection (internal) none 
  
Parallel connection of 2 outputs  

for redundant operation of the load Possible 
for power increase Not possible 

  
Operation of a digital input Possible 
  
Switching frequency  

mechanical max. 10 Hz  
with ohmic load max. 2 Hz 
with inductive load, acc. to IEC947-5-1, 
DC13/AC15 

max. 0.5 Hz 
 

with lamp load max. 2 Hz 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 40 mA 
external max. 125 mA 

Power loss typ. 4.2 W 
  
Supports clocked operation no 
  
Status display 
Alarm 
Diagnostic functions 

green LED per channel 
no 
none 

  
Permissible ambient conditions  

Ambient temperature (during operation) 0 °C to +60 °C 
Transportation and storage temperature -25 °C to +75 °C 

  
Dimensions W x H x D [mm] 40 x 125 x 120 
Weight approx. 350 g 
Front connector 40-way 
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Permissible potential difference  
between GNDinternal and supply voltage of the 
relays 

DC 75 V/ AC 60 V 
 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 250 V 
 

between the outputs of different groups AC 500 V 
 

  
Insulation test  

between GNDinternal and supply voltage of the 
relays 

AC 500 V 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 1500 V 

between the outputs of different groups AC 1500 V 
  

i  
Relay contact life can be 
extended using an external 
suppressor circuit. 

Make/break capacity and life of contacts 
 

Voltage/current
Number of switching 
cycles, typical value 
[mill.] 

for ohmic load  
 DC 24 V 8.0 A 
  4.0 A 
  2.0 A 
  0.5 A 

0.1 
0.3 
0.7 
4.0 

 DC 60 V 0.5 A 4.0 
 DC 120 V 0.2 A 1.6 
 AC 48 V 8.0 A 
  2.0 A 

0.1 
1.6 

 AC 60 V 8.0 A 
  2.0 A 

0.1 
1.2 

 AC 120 V 8.0 A 
  4.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.1 
0.3 
0.5 
0.7 
1.5 

 AC 230 V 8.0 A 
  4.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.1 
0.3 
0.5 
0.7 
1.5 

for inductive load acc. to IEC 947-5-1 DC13/AC15 
 DC 24 V 2.0 A 
  1.0 A 
  0.5 A 

0.3 
0.5 
1.0 

 DC 60 V 0.5 A 
  0.3 A 

0.5 
1.0 

 DC 120 V 0.2 A 0.5 
 AC 48 V 3.0 A 
  1.5 A 

0.5 
1.0 

 AC 60 V 3.0 A 
  1.5 A 

0.3 
1.0 

 AC 120 V 3.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.2 
0.3 
0.7 
2.0 

 AC 230 V 3.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.1 
0.3 
0.7 
2.0 
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Lamp load AC 230 V Power Number of switching 
cycles 
Typical value 

 1000 W 25,000 
 1500 W 10,000 
Low-energy lamps/ 10  58 W 
fluorescent lamps 
with electronic ballast 

25,000 
 

Fluorescent lamps  1  58 W 
with conventional correction 

25,000 
 

Fluorescent lamps uncorrected 10  58 W 25,000 
  

 

4.5.2 Operation with safety extra-low voltage 

If the 322-1HF10 relay output module is used with isolated safety 
extra-low voltage, the following special aspect must be observed: 

If a terminal is operated with isolated safety extra-low voltage, the 
(horizontally) adjacent terminal must only be operated with a 
nominal voltage of max. DC 120 V.  

When operated with a voltage above DC 120 V, the clearances and 
creepage distances of the 40-way front connectors do not comply 
with the SELV requirements for safe electrical isolation. 

 

 
Caution! 
Special requirement of 
mixed operation with  
safety extra-low voltage. 

If a terminal is operated with safety extra-low 
voltage, the horizontally adjacent terminal must 
be operated with no more than DC 120 V! 

Output 0 

Output 4 

Example: 
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4.5.3 DEA Relay output module DO 8 relays 
230 V AC/5 A with suppressor 

Order number: 700-322-1HF20 

The 700-322 DO 8 x rel. 230 V AC/5 A has the following properties: 

8 outputs, floating in groups of 1 

Load voltage DC 24 V to 120 V; AC 24 V to 230 V 

Suitable for AC/DC solenoid valves, contactors, motor starters, 
small-power motors and indicator lights 

RC snubbers can be connected via jumper SJ to protect the 
contacts 

Fig. 4-14 shows the block diagram of the DEA DO 8 x relay 230 V 
AC/5 A, followed by the technical specifications. 

 

 

Fig. 4-14: 
View of module 
and block diagram 
of DO 8 x 230 V AC/5 A 
with suppressor 
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Technical specifications  
  
Order number 700-322-1HF20 
  
Number of outputs 8 
  
Isolation from backplane bus Yes (optocoupler) 
  
Supply voltage of the relays L+ DC 24 V 
  
Contact voltages DC 24 to 120 V 
 AC 48 to 230 V 
  
Continuous thermal current 5 A per group 
Horizontal mounting up to +30 °C 
   up to +60 °C 

max. 8 A 
max. 5 A 

Vertical mounting up to +40 °C max. 5 A 
  
Minimum load voltage/load current  
without jumper "RJ" 

10 V/5 mA  

  
Residual current with AC load voltage  

with jumper "SJ" 11.5 mA 
without jumper "SJ" 0 mA 

  
Operation of a digital input Possible 
  
Short-circuit current acc. to IEC 947-5-1 with 
circuit-breaker with characteristic B 
 

cos  1.0: 600 A 
cos  0.5...0.7: 900 A 
with fuse 
Diazed 8 A: 1000 A 

Contact connection (internal) RC snubber 330 , 
0.1 F 

  
Parallel connection of 2 outputs  

for redundant operation of the load Possible 
for power increase Not possible 

  
Operation of a digital input Possible 
  
Switching frequency  

mechanical max. 10 Hz  
with ohmic load max. 2 Hz 
with inductive load, acc. to IEC947-5-1, 
DC13/AC15 

max. 0.5 Hz 
 

with lamp load max. 2 Hz 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 40 mA 
extern max. 125 mA 

Power loss typ. 4.2 W 
  
Supports clocked operation no 
  
Status display 
Alarm 
Diagnostic functions 

green LED per channel 
no 
none 

  
  

i  
Relay contact life can be 
extended using the internal 
suppressor circuit - insert 
jumper "RJ" 

!  
Residual current of the RC 
snubber (with jumper SJ) 
can cause incorrect signal 
states on connection of an 
IEC type 1 input! 
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Permissible ambient conditions  
Ambient temperature (during operation) 0 °C to +60 °C 
Transportation and storage temperature -25 °C to +75 °C 

  
Dimensions W x H x D [mm] 40 x 125 x 120 
Weight approx. 360 g 
Front connector 40-way 
  
Permissible potential difference  

between GNDinternal and supply voltage of the 
relays 

DC 75 V / AC 60 V 
 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 250 V 
 

between the outputs of different groups AC 500 V 
 

  
Insulation test  

between GNDinternal and supply voltage of the 
relays 

AC 500 V 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 1500 V 

between the outputs of different groups AC 1500 V 
  
Make/break capacity and life of contacts 

 
Voltage/current

Number of switching 
cycles, typical value 
[mill.] 

for ohmic load  
 DC 24 V 8.0 A 
  4.0 A 
  2.0 A 
  0.5 A 

0.1 
0.3 
0.7 
4.0 

 DC 60 V 0.5 A 4.0 
 DC 120 V 0.2 A 1.6 
 AC 48 V 8.0 A 
  2.0 A 

0.1 
1.6 

 AC 60 V 8.0 A 
  2.0 A 

0.1 
1.2 

 AC 120 V 8.0 A 
  4.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.1 
0.3 
0.5 
0.7 
1.5 

 AC 230 V 8.0 A 
  4.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.1 
0.3 
0.5 
0.7 
1.5 

for inductive load acc. to IEC 947-5-1 DC13/AC15 
 DC 24 V 2.0 A 
  1.0 A 
  0.5 A 

0.3 
0.5 
1.0 

 DC 60 V 0.5 A 
  0.3 A 

0.5 
1.0 

 DC 120 V 0.2 A 0.5 
 AC 48 V 3.0 A 
  1.5 A 

0.5 
1.0 

 AC 60 V 3.0 A 
  1.5 A 

0.3 
1.0 

i  
Relay contact life can be 
extended using an external 
suppressor circuit. 
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 AC 120 V 3.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.2 
0.3 
0.7 
2.0 

 AC 230 V 3.0 A 
  2.0 A 
  1.0 A 
  0.5 A 

0.1 
0.3 
0.7 
2.0 

  
Lamp load AC 230 V Power Number of switching 

cycles 
Typical value 

 1000 W 25,000 
 1500 W 10,000 
Low-energy lamps/ 10  58 W 
fluorescent lamps 
with electronic ballast 

25,000 
 

Fluorescent lamps  1  58 W 
with conventional correction 

25,000 
 

Fluorescent lamps uncorrected 10  58 W 25,000 
  

 

4.5.4 Operation with safety extra-low voltage 

If the 322-1HF20 relay output module is used with isolated safety 
extra-low voltage, the following special aspect must be observed: 

If a terminal is operated with isolated safety extra-low voltage, the 
(horizontally) adjacent terminal must only be operated with a 
nominal voltage of max. DC 120 V.  

When operated with a voltage above DC 120 V, the clearances and 
creepage distances of the 40-way front connectors do not comply 
with the SELV requirements for safe electrical isolation. 

 

 
Caution! 
Special requirement of 
mixed operation with  
safety extra-low voltage. 

If a terminal is operated with safety extra-low 
voltage, the horizontally adjacent terminal must 
be operated with no more than DC 120 V! 

Output 0 

Output 4 

Example: 
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4.5.5 DEA Relay output module DO 16 relays 
230 V AC/2 A  

Order number: 700-322-1HH01 

The 700-322 DO 16 x rel. 230 V AC/2 A has the following properties: 

16 Outputs, floating in groups of 2 

Load voltage DC 24 V to 120 V; AC 48 V to 230 V 

Suitable for AC/DC solenoid valves, contactors, motor starters, 
small-power motors and indicator lights 

Fig. 4-15 shows the block diagram of the DEA DO 16 x Relay 230 V 
AC/2 A, followed by the technical specifications. 

 

Fig. 4-15: 
View of module 
and block diagram 
of DO 16 x 230 V AC/2 A 
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Technical specifications  
  
Order number 700-322-1HH01 
  
Number of outputs 16 
  
Isolation from backplane bus Yes (optocoupler) 
  
Supply voltage of the relays L+ DC 24 V 
  
Contact voltages DC 24 to 120 V 
 AC 48 to 230 V 
  
Continuous thermal current max. 2 A per output 
 max. 8 A per group 
Operation of a digital input Possible 
  
Short-circuit current acc. to IEC 947-5-1 with 
circuit-breaker with characteristic B 
 

200 A, with circuit-
breaker B10/B16 

Contact connection (internal) none 
  
Parallel connection of 2 outputs  

for redundant operation of the load Possible 
only outputs of the 
same group! 

for power increase Not possible 
  
Operation of a digital input Possible 
  
Switching frequency  

mechanical max. 10 Hz  
with ohmic load max. 1 Hz 
with inductive load, acc. to IEC947-5-1, 
DC13/AC15 

max. 0.5 Hz 
 

with lamp load max. 1 Hz 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 70 mA 
extern max. 250 mA 

Power loss typ. 4.5 W 
  
Supports clocked operation no 
  
Status display 
Alarm 
Diagnostic functions 

green LED per channel 
no 
none 

  
Permissible ambient conditions  

Ambient temperature (during operation) 0 °C to +60 °C 
Transportation and storage temperature -25 °C to +75 °C 

  
Dimensions W x H x D [mm] 40 x 125 x 117 
Weight approx. 240 g 
Front connector 20-way 
  

i  
Relay contact life can be 
extended using an external 
suppressor circuit. 
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Permissible potential difference  
between GNDinternal and supply voltage of the 
relays 

DC 75 V / AC 60 V 
 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 230 V 
 

between the outputs of different groups AC 500 V 
 

  
Insulation test  

between GNDinternal and supply voltage of the 
relays 

AC 500 V 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 1500 V 

between the outputs of different groups AC 1500 V 
  
Make/break capacity and life of contacts 

 
Voltage/current

Number of switching 
cycles, typical value 
[mill.] 

for ohmic load  
 DC 24 V 2.0 A 
  1.0 A 
  0.5 A 

0.1 
0.2 
1.0 

 DC 60 V 0.5 A 0.2 
 DC 120 V 0.2 A 0.6 
 AC 24 V 1.5 A 1.5 
 AC 48 V 1.5 A 1.5 
 AC 60 V 1.5 A 1.5 
 AC 120 V 2.0 A 
  1.0 A 
  0.5 A 

1.0 
1.5 
2.0 

 AC 230 V 2.0 A 
  1.0 A 
  0.5 A 

1.0 
1.5 
2.0 

for inductive load acc. to IEC 947-5-1 DC13/AC15 
 DC 24 V 2.0 A 
  1.0 A 
  0.5 A 

0.05 
0.1 
0.5 

 DC 60 V 0.5 A 0.1 
 DC 120 V 0.2 A 0.5 
 AC 24 V 1.5 A 1.0 
 AC 48 V 1.5 A 1.0 
 AC 60 V 1.5 A 1.0 
 AC 120 V 2.0 A 
  1.0 A 
  0.5 A 

0.7 
1.0 
1.5 

 AC 230 V 2.0 A 
  1.0 A 
  0.5 A 

0.7 
1.0 
1.5 

  
Lamp load Power Number of switching 

cycles 
Typical value 

 AC 230 V 50 W 25,000 
 DC 24 V 5 W 10,000 
  
Motor starter acc. to NEMA max. size 5  
  

i  
Relay contact life can be 
extended using an external 
suppressor circuit. 

Operation with safety extra-low voltage 

The 700-322-1HF01 module can be used with safety extra-low 
voltage without any restrictions. 

54  DEA 300 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 137 of 2133



 

4.5.6 DEA Relay output module DO 8 relays 
230 V AC/2 A  

Order number: 700-322-1HF01 

The 700-322 DO 8 x rel. 230 V AC/2 A has the following properties: 

8 Outputs, floating in groups of 2 

Load voltage DC 24 V to 120 V; AC 48 V to 230 V 

Suitable for AC/DC solenoid valves, contactors, motor starters, 
small-power motors and indicator lights 

Fig. 4-16 shows the block diagram of the DEA DO 8 x relay 230 V 
AC/2 A, followed by the technical specifications. 

 

 

Fig. 4-16: 
View of module 
and block diagram 
of DO 8 x 230 V AC/2 A 

 

 

Technical specifications  
  
Order number 700-322-1HF01 
  
Number of outputs 8 
  
Isolation from backplane bus Yes (optocoupler) 
  
Supply voltage of the relays L+ DC 24 V 
  
Contact voltages DC 24 to 120 V 
 AC 48 to 230 V 
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Continuous thermal current max. 3 A per output 
 max. 4 A per group 
Operation of a digital input Possible 
  
Short-circuit current acc. to IEC 947-5-1 with 
circuit-breaker with characteristic B 
 

cos  1.0: 600 A 
cos  0.5...0.7: 900 A 
with fuse 
Diazed 8 A: 1000 A 

Contact connection (internal) Varistor K275 
  
Parallel connection of 2 outputs  

for redundant operation of the load Possible 
only outputs of the 
same group! 

for power increase Not possible 
  
Operation of a digital input Possible 
  
Switching frequency  

mechanical max. 10 Hz  
with ohmic load max. 2 Hz 
with inductive load, acc. to IEC947-5-1, 
DC13/AC15 

max. 0.5 Hz 
 

with lamp load max. 2 Hz 
  
Cable length unshielded max. 600 m 
Cable length shielded max. 1000 m 
  
Current consumption  

internal typ. 40 mA 
extern max. 160 mA 

Power loss typ. 3.2 W 
  
Supports clocked operation no 
  
Status display 
Alarm 
Diagnostic functions 

green LED per channel 
no 
none 

  
Permissible ambient conditions  

Ambient temperature (during operation) 0 °C to +60 °C 
Transportation and storage temperature -25 °C to +75 °C 

  
Dimensions W x H x D [mm] 40 x 125 x 117 
Weight approx. 240 g 
Front connector 20-way 
  
Permissible potential difference  

between GNDinternal and supply voltage of the 
relays 

DC 75 V / AC 60 V 
 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 230 V 
 

between the outputs of different groups AC 500 V 
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Insulation test  
between GNDinternal and supply voltage of the 
relays 

AC 500 V 

between GNDinternal or supply voltage of the 
relays and the outputs 

AC 1500 V 

between the outputs of different groups AC 1500 V 
  
Make/break capacity and life of contacts 

 
Voltage/current

Number of switching 
cycles, typical value 
[mill.] 

for ohmic load  
 DC 24 V 2.0 A 
  1.0 A 
  0.5 A 

0.7 
1.6 
4.0 

 DC 60 V 0.5 A 1.6 
 DC 120 V 0.2 A 1.6 
 AC 48 V 2.0 A 1.6 
 6 AC 0 V 2.0 A 1.2 
 AC 120 V 2.0 A 
  1.0 A 
  0.5 A 

0.5 
0.7 
1.5 

 AC 230 V 2.0 A 
  1.0 A 
  0.5 A 

0.5 
0.7 
1.5 

for inductive load acc. to IEC 947-5-1 DC13/AC15 
 DC 24 V 2.0 A 
  1.0 A 
  0.5 A 

0.3 
0.5 
1.0 

 DC 60 V 0.5 A 0.5 
 DC 120 V 0.2 A 0.3 
 AC 48 V 1.5 A 1.0 
 AC 60 V 1.5 A 1.0 
 AC 120 V 2.0 A 
  1.0 A 
  0.7 A 
  0.5 A 

0.2 
0.7 
1.0 
2.0 

 AC 230 V 2.0 A 
  1.0 A 
  0.5 A 

0.3 
0.7 
2.0 

  
Lamp load AC 230 V Power Number of switching 

cycles 
Typical value 

 1000 W 25,000 
 1500 W 10,000 
Low-energy lamps/ 10 x 58 W 
fluorescent lamps 
with electronic ballast 

25,000 
 

Fluorescent lamps  1 x 58 W 
with conventional correction 

25,000 
 

Fluorescent lamps uncorrected 10 x 58 W 25,000 
  

i  
Relay contact life can be 
extended using an external 
suppressor circuit. 

 

Operation with safety extra-low voltage 

The 700-322-1HF01 module can be used with safety extra-low 
voltage without any restrictions. 
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4.6 Other modules 

4.6.1 Dummy Module DM 370 

Order number: 700-370-0AA01 20-pin 
   700-370-0AL01 40-pin 

 

The dummy module DM 370 reserves a slot for a module not 
parameterised. It can be used as a dummy for: 

interface modules, without reserving address space 

non-parameterised signal modules, with reserved address space 

modules that occupy 2 slots, with reserved address space 

When replacing the dummy module with another module from the 
S7-300 , the mechanical design and the address assignment or 
address allocation remain unchanged for the complete device. 

 

Configuring with STEP 7 

When working with STEP 7, the dummy module DM 370 must only 
be configured if the module is to reserve a slot for a parameterised 
signal module. If the module is to reserve a slot for an interface 
module, the module DM 370 need not be configured. 

 

Modules occupying 2 slots 

For modules occupying 2 slots, it is imperative to plug 2 dummy 
modules. In this case, only the dummy module plugged into slot "x" 
reserves the address space, but not the module plugged into slot 
"x + 1" (see table).  

Max. 8 modules (SM/FM/CP) may be plugged into one subrack. If, 
however, 2 dummy modules reserve a slot for a module 80 mm in 
width, 7 further modules (SM/FM/CP) may nevertheless be plugged, 
since the dummy module only occupies the address space for 1 
module. 

 

Switch Position Function Application 

 

The dummy module reserves one 
slot.  
The module will not be configured 
and does not occupy any address 
space. 

Without active backplane bus:  
A slot is reserved only physically, 
with electrical connection to the 
backplane bus. 

With active backplane bus: no 

 

The dummy module reserves one 
slot. 
The module must be configured 
and occupies 1 byte address space 
(with specification from the system 
outside the process image). 

A slot with address is reserved. 
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Fig. 4-17: 
Module view of  
the dummy module 
front connector 20-way 

 

 

Fig. 4-18: 
Module view of  
the dummy module 
front connector 40-way 
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Technical specifications  
  
Order number  
Front connector 20-way 700-370-0AA01 
Front connector 40-way 700-370-0AL01 
  
Current consumption (from backplane bus) ca. 5 mA 
  
Power loss typ. 0.03 W 
  
Dimensions W x H x D [mm] 40 x 125 x 117 
  
  
  
Weight ca. 180 g 
  
Permissible ambient conditions  

Ambient temperature (during operation) 0 °C to +60 °C 
Transportation and storage temperature -25 °C to +75 °C 
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Meaning of the 8/9-bit display of the dummy module 

There are two different methods for transmission of the data along 
the S7 300  backplane bus: 

Without parity bit 
Only the data bytes (8 bits) are transmitted. This method is 
obsolete; errors in the data transmission cannot be recognised, 
and errors may occur in the I/O modules. 

With parity bit 
This newer, better method transmits a parity bit (9 bits per byte) 
in addition to the useful data. Thus, transmission errors can be 
recognised and errors can be avoided. 

The CPUs are able to use both transmission methods. All I/O 
modules that handle the 9-bit transmission method can additionally 
switch back to the 8-bit method. This happens whenever one or 
several modules using the obsolete, less reliable 8-bit method are 
plugged into the system.  

The 8/9-bit LEDs indicate the transmission method currently used 
by the entire system. 

!  
If any 8-bit module is 
used, all 9-bit modules 
connected to the 
backplane bus will revert 
to using the 8-bit 
transmission method. 

The 9-bit method was introduced shortly after introduction of the 
S7-300  to the market. For reasons of downwards compatibility, 
however, new CPUs are still also able to use the 8-bit method.  

Systeme Helmholz modules generally use the more reliable 9-bit 
transmission method. 

There are, however, modules that only use the 8-bit method. To 
ensure a reliable data transmission on the backplane bus and to 
avoid errors in the I/O modules, we recommend not using such 
modules any longer. The presence of 8-bit modules can be 
recognised from the red LED on the dummy module, see Fig. 4-17.  
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5  Ordering data 
 Systeme-Helmholz 

Order No. 
Sectional rail  
Sectional rail length 160 mm 700-390-1AB60 
Sectional rail length 482 mm 700-390-1AE80 
Sectional rail length 530 mm 700-390-1AF30 
Sectional rail length 830 mm 700-390-1AJ30 
Sectional rail length 2000 mm 700-390-1BC00 
  
Front connector  
20-way front connector with screw terminals 700-392-1AJ10 
20-way front connector with spring-loaded 
terminals 

700-392-1BJ00 

40-way front connector with EasyConnect® 700-392-1AM10 
40-way front connector with screw terminals 700-392-1AM00 
  
Digital input modules  
DI 32 x 24 V DC 700-321-1BL00 
DI 16 x 24 V DC 700-321-1BH02 
DI 16 x 24 V DC Source Input 700-321-1BH50 
DI 16 x 24 V DC with Hardware and Diagnostic 
Interrupts 

700-321-7BH01 

  
Digital output modules  
DO 32 x 24 V DC/0.5 A 700-322-1BL00 
DO 16 x 24 V DC/0.5 A 700-322-1BH01 
DO 8 x 24 V DC/2.0 A 700-322-1BF01 
  
Digital input/output modules  
DI 16/DO 16 x 24 V DC/0.5 A 700-323-1BL00 
DI 8/DO 8 x 24 V DC/0.5 V 700-323-1BH00 
  
Relay output modules  
DO 8 x Rel. AC 230 V/5 A 700-322-1HF10 
DO 8 x Rel. AC 230 V/5 A with suppressor 700-322-1HF20 
DO 8 x Rel. AC 230 V/2 A 700-322-1HF01 
DO 16 x Rel. AC 230 V/2 A 700-322-1HH01 
  
Other modules  
Dummy Module 20-pin 700-370-0AA01 
Dummy Module 40-pin 700-370-0AL01 
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Inverter Series 
SJ300 
L300P

Electromagnetically Compatible Installation
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Chapter 1 – Warnings and instructions
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Chapter 1 – Warnings and Instructions

WARNING The motor cable should be kept as short as possible in order to avoid
electromagnetic emission as well as capacitive currents. The rapid voltage
changes of the Hitachi L300P / SJ300 series cause capacitive currents
through the motor cable stray capacitances.
The cable length increases the capacitive current and electromagnetic
emission.
It is recommended that the motor cable length does not exceed 50m.
It is always recommended to install output AC-Reactors (motor chokes)
if the cable length exceeds 50m.

WARNING The filters contain capacitors between the phases and the phases to ground
as well as suitable discharging resistors. But after switching off the line
voltage you should wait a minimum of 60 seconds before removing
protective covers or touching terminals etc. Ignore this and you may get an
electric shock!

WARNING The protective conductor connection between filter and drive must be
designed as a solid and permanent installation. Plug-in connections are not
permissible.

WARNING The use of ground fault monitoring devices is not recommended. Should
they be compulsory in certain applications for safety reasons, you should
choose monitoring devices which are suited for DC-, AC- and HF-ground
currents.

WARNING The thermal capacity of the line filter is guaranteed up to a maximum
motor cable length of 50m.

WARNING The line filters have been developed for use in grounded systems. Use in
ungrounded systems is not recommended.

If installed according to the following directions, the frequency inverter comply with the
following standards:

Emmissions: EN 61800-3 (EN 55011 group 1, class B)
Immunity: EN 61800-3, industrial environments
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Chapter 2 – Electromagnetically Compatible
Installation of Drives and Drive Systems

Introduction

This brochure describes the electromagnetically compatible setup of your drive or your drive
system. (Electro Magnetic Compatibility = EMC)

Read this information carefully and follow the instructions. If necessary, provide this infor-
mation to third parties.

HF interference results from rapid switching of electric currents and voltages. All AC, DC and
servo drives very rapidly switch large currents and voltages to optimally supply connected electric
motors. They are thus major sources of interference, generating both line-conducted and radiated
interference.

The additional use of line filters, also called interference suppression filters, and installation in a
metal housing or a switch cabinet further improve the existing interference immunity. For the best
possible damping of interference, special line filters have been developed which guarantee you
easy assembly and installation along with the necessary electrical reliability.

However, effective EMC is only ensured if the suitable filter is selected for the particular drive and
installed in accordance with these EMC recommendations.
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Chapter 2 – Electromagnetically compatible installation of drives and drive systems
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Selection of line filter to reduce line-conducted interference

To reduce line-conducted interference, use the appropriate line filter for each frequency inverter.
The table below show you a list of the available line filters for your Hitachi frequency inverter

The line filters up to 64A rated current are built in the so-called footprint style, are fitted behind the
respective frequency inverter, and thus require no additional space for installation. These filters are
intended for installation in switch cabinets as standard.

The line filters from 80A – 260A rated current are built in booktype style, and can be installed
beside the frequency inverter.

Further available are brackets for mounting the inverter with the fitted footprint line filter on
mounting rails according to EN 50022.

Filter Type Inverter Type

SJ300 015HF L300P 015HF/2
SJ300 022HF L300P 022HF/2
SJ300 037HF L300P 037HF/2

FPFB–266-G-3-013

SJ300 055HF L300P 055HF/2
SJ300 075HF L300P 075HF/2
SJ300 110HF L300P 110HF/2FPFB–266-G-3-032

L300P 150HF/2
SJ300 150HF
SJ300 185HF L300P 185HF/2
SJ300 220HF L300P 220HF/2

FPFB–266-G-3-064

L300P 300HF/2
SJ300 300HFBTFB–266-G-3-080

L300P 370HF/2
SJ300 370HF
SJ300 450HF L300P 450HF/2BTFB–266-G-3-115

L300P 550HF/2
BTFB–266-G-3-125 SJ300 550HF
BTFB–266-G-3-150 L300P 750HF/2

SJ300 750HF L300P 900HF/2BTFB–266-G-3-220
SJ300 900HF L300P 1100HF/2
SJ300 1100HFBTFB–266-G-3-260
SJ300 1320HF L300P 1320HF/2

Note: All filters are designed for 50/60Hz.
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Chapter 2 – Electromagnetically compatible installation of drives and drive systems

2-3

Filter installation

The connecting cable between filter and frequency inverter must be as short as possible and laid
separate from other cables/lines.

As user you must ensure that the HF impedance between frequency inverter, filter and ground is as
small as possible:
• Remove paint and insulating material between the individual mounting points.
• See to it that the connections are metallic and have the largest possible areas.
• Use conductive contact grease as anticorrosive.

Anodized and yellow-chromated surfaces, e.g. cable/standard-section rail, screws, etc., have a
large HF-impedance.

This paint must thus be removed at mounting points.

Ensure that the protective conductor terminal (PE) of the filter is properly connected with the
protective conductor terminal of the frequency inverter. An HF ground connection via metal
contact between the housings of the filter and the frequency inverter, or solely via cable shield, is
not permitted as protective conductor connection. The filter must be solidly and permanently
connected with the ground potential so as to preclude the danger of electric shock upon touching
the filter if a fault occurs. You can achieve this by:
• connecting it with a grounding conductor of at least 10mm2.
•  connecting a second grounding conductor, connected with a separate grounding terminal,

parallel to the protective conductor.

The cross section of each single protective conductor terminal must be designed for the required
nominal load.

Conductor loops act like antennas, especially when they encompass large areas. Consequently:
• Avoid unnecessary conductor loops.
•  Avoid parallel arrangement of “clean” and interference-prone conductors over longer

distances.

The line filters have been developed for use in grounded systems. Use of the line filters in
ungrounded systems is not recommended, because in these applications
• loss current to ground increases.
• the effect of the filter is reduced.

The amount of line-conducted and radiated interference increases in proportion to elementary
frequency in frequency inverter.

The amount of line-conducted interference also increases as motor cable length increases.
Adherence to the interference limits for line-conducted interference is guaranteed on
following way:
• If maximum motor cable length is 20 m at elementary frequency 5 kHz

(Class „B“).
• If maximum motor cable length is 50 m at maximum elementary frequency

(Class „A“).

Minimizing radiated interference

The frequency inverter of series L300P AND SJ300 meet the limits of EN55011, Class B, for
radiated interference, if the specified line filter is used and installation is performed according to
our instructions.
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The prerequisite is that all analog and digital control lines are laid shielded.

With compact systems, if for example the frequency inverter is communicating with the steering
unit, in the same control cabinet connected at the same PE-Potential, the screen should be put on,
on both sides with PE.

With branch systems, if for example the communicating steering unit is not in the same control
cabinet and there is a distance between the systems, we recommend to put on the screen only on the
side of the frequency inverter. If it is possible, direct in the cable entry section of the steering unit.
This is very important, if there is a long distance between the system and you expect there can be
different PE-Potential between the systems.

You should allow the effective shield area of these lines to remain as large as possible; i.e., do not
move the shield further away than absolutely necessary. The distance between an interference
source and an interference sink (interference-threatened device) essentially determines the effects
of the emitted interference on the interference sink. The interference field emitted by the frequency
inverter falls sharply with increasing distance. Please note that the emitted interference field
(frequency range 30 MHz - 1 GHz) of a drive/drive system is measured at a distance of 10 m in
accordance with EN55011. Every device placed closer than 10 m to a source of interference will
thus be impacted by appreciably higher interference amplitudes. For this reason, you should use
only interference-free devices and maintain a minimum distance of 0.25 m from the drive. Devices
which react sensitively to interference from electric and magnetic fields should be kept at least a
distance of 0.25 m from the following components:
• Frequency inverter
• EMC input/output filters
• Input or output reactors/transformers
• Motor cable (even if shielded)
• External rheostat and its wiring (even if shielded)
• AC/DC commutator motors, including any attached separate fans
• DC intermediate circuit coupling/wiring (even if shielded)
• Connected inductors like relays, contactors, solenoid valves, brakes (even if shielded)

Very frequently, interference is coupled in through installation cables. You can minimize this
influence by laying interfering cables separately, a minimum of 0.25 m from cables susceptible to
interference. A particularly critical point is laying cables parallel over larger distances. If two
cables intersect, the interference is smallest if they intersect at an angle of 90°. Cables susceptible
to interference should therefore only intersect motor cables, intermediate circuit cables, or the
wiring of a rheostat at right angles and never be laid parallel to them over larger distances.

Using EMC compliant cables
In order to reduce electromagnetic emission caused by motor cables and to increase EMI immunity
for control cables, shielded cables have to be used. Using this shielding can reduce the interference
coupled into and out of the (please also refer to the previous chapter „Minimizing radiated
interference“). The effectiveness of the shielding heavily depends on the construction and the
material of the shielding. The screening effectiveness can be characterized by the so called transfer
impedance. This effectiveness or performance can be improved by keeping the transfer impedance
as low as possible. The transfer impedance is mainly affected by the following variables:

• The cable covering, which is the cable area actually covered by the shielding. It is normally
indicated as a percentage value and should be at least 85%.
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Chapter 2 – Electromagnetically compatible installation of drives and drive systems
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• The shielding‘s design. Possible design alternatives are braided cables or shieldings made of
metal conduit. These two types should be preferred when shielding is to be implemented.

•  The contact (or transition) resistance between the individual stranded conductors of the
shielding. The performance of the shielding improves if this resistance is kept as low as
possible.

The following diagram shows the transfer impedance for various cable types. By comparing the
cables' individual design, the shielding effectiveness can be estimated and a suitable cable be
chosen.
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Installing the motor cable

If you use an EMC line filter or would like to observe certain limits of line-conducted interference,
the motor cable which you use must be shielded. The shield is to be grounded on both sides, over
a large area. For this purpose, turn the shield through 180°, for instance, and make large-area
contact (360°) with the metal PG screw connections. The illustration on the following page shows
you the electromagnetically compatible motor wiring.
• Use only copper mesh cable (CY) with 85% coverage. Foil shields often have a higher

coupling impedance than mesh shields and are therefore unsuitable.
• Some motors have terminal boxes and PG screw connections of plastic. In these cases, the

shield should be connected on the motor side to the motor housing, with as large an area as
possible, by means of a cable clamp.

• Some motors have a rubber gasket between terminal box and motor housing. Very often, the
terminal boxes, and particularly the threads for the metal PG screw connections, are painted.
Make sure there is always a good metallic connection between the shielding of the motor
cable, the metal PG screw connection, the terminal box and the motor housing, and carefully
remove this paint if necessary.

•  The shielding should not be interrupted at any point in the cable. If the use of reactors,
contactors, terminals or safety switches in the motor output is necessary, i.e., if the shield
must be interrupted, then the unshielded section should be kept as small as possible. It is
better to install the reactor, contactor, terminal or safety switch in a metal housing with as
much HF damping as possible. The shield connection to the metal housing should again be
made with the smallest possible HF impedance, as already described.

Should no shielded motor cable be available, lay the unshielded cable in a metal tube having the
best possible shielding effect, for example. The metal tube should have good HF contact with the
frequency inverter and the motor housing, e.g., by means of copper gauze tape. Safety grounding
always takes precedence over HF grounding. If, for example, a braking chopper / rheostat is to
be connected to the DC intermediate circuit, then this connecting line, too, must be shielded. The
shield is to be connected on both sides, with a large area (e.g. to the protective ground terminal of
the rheostat).

Installing control and signal lines

To ensure reliable operation of the frequency inverter, analog and digital control lines (angular
momentum pulser connection, all analog inputs, the serial interfaces, etc.) should be laid shielded.
You should allow the effective shielding surface to remain as large as possible, i.e., do not move
the shield further away than absolutely necessary. The shield has to be applied on both sides on PE.
As a matter of principle, the shielding of these lines should not be interrupted.
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Shielding and grounding for installation in switch cabinets

Observe the requirements of European standard EN60204-1, "Electrical Equipment of Industrial
Machinery." You get optimum EMC only if you properly arrange and mount the Hitachi frequency
inverter, the appropriate line filter, and the other equipment which might be necessary, on a metal
mounting plate in accordance with the following mounting instructions. The following figure
shows a Hitachi inverter using a foot print filter:
 

HITACHI 

55.0 
RUN 

STOP 
RESET 

MI MAX 

RUN 

PRG 

Hz 

A 

POWER 

2 
STR FUNC. 1 

SJ300 
L300P 

WARNING 
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ELECTRIC SHOCK 
Disconnect incoming power and wait  
5 minutes before opening front case. 

PE- Connection 

The following figure shows the required EMC compliant connection to the motor:

good HF-connection between
heat sink and motor housing

required EMC-cable connection

metall box
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Chapter 3 – Influence of the Motor Cable Length

Shielded motor cables have quite a high cable capacity towards ground, which increases linearly as
cable length increases. A typical rule-of-thumb figure is 200 pF per meter of cable. But these
figures vary among different types of cables and are also dependent on the current-carrying
capacity. Long motor cables can give rise to the following:
•  Frequency inverter and servo amplifiers give a pulse-width-modulated square-wave output

voltage with quite steep slopes, which causes high reverse-charging currents in the cable
capacities towards ground. This reverse-charging current must be additionally supplied by the
device. Unwanted switch-off due to overload may occur.

• Long motor cables produce more line-conducted interference.
•  Long motor cables lead to the triggering of a ground fault monitoring device that may be

present.
• Long motor cables lead to thermal overload of the line filter due to the higher line-conducted

interference.

If a motor choke of appropriate size is used, you have the following advantages:
• It can counteract unwanted shut-off due to overload, described above.
• The thermal load on the EMC line filter is reduced.

In multiple motor applications, i.e., a frequency inverter feeds several motors connected in parallel,
you should try to minimize the effective cable capacity and/or the effective length of the shielded
cable. You can achieve this by creating a neutral cross-connecting point from which you can supply
all motors.

See to it that the shielding is maintained over the entire length of the cable, if possible, or is only
very briefly interrupted. It is better to install this neutral cross-connecting point in a metal housing
with as much HF damping as possible. The shield connection from/to the metal housing should
again be made with the smallest possible HF impedance, as already described.
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Chapter 4 – Further Notes

Influence of ground fault monitoring devices

In the line filter, capacitors are placed between the phases and ground, which can cause larger
charge currents to flow to ground when the filter is first switched on. The amount of this flow has
already been minimized by constructional circuit details. Nevertheless, ground fault monitoring
devices possibly present may be triggered. Ground currents with high-frequency components and
DC components may also flow under normal operating conditions. If faults occur, large DC-
carrying ground currents may flow, possibly preventing the ground fault monitoring device from
responding. For this reason, the use of ground fault monitoring devices is not recommended.

But should they be prescribed in certain applications for safety reasons, you should choose
monitoring devices which are suited for DC, AC and HF ground currents. In addition, you should
ensure that their responsiveness and time characteristics are adjustable, so that a disturbance is not
immediately caused the first time the frequency inverter is switched on.

Components susceptible to interference

The following components must be classified as particularly susceptible to interference from
electromagnetic fields. Special attention should therefore be paid to them during installation:
• Sensors with analog output voltages (< 1 volt)
• Load cells
• Tractive force meters
• Torque measuring hubs
• Resistance thermometer PT100
• Thermoelements
• Anemometers
• Piezoelectric sensors
• AM radios (only long and medium wave)
• Video cameras and TV sets
• Office PCs
• Capacitive proximity switches and filling level sensors
• Inductive proximity switches and metal detectors
• Ripple control transmitters, baby talkers, etc., i.e. all communication devices which use low-

voltage systems as transmission medium
• Devices which do not comply with the pertinent EMC requirements
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Chapter 5 - Technical Specifications and Dimensions

Typ FPFB-
266-G-3-

013

FPFB-
266-G-3-

032

FPFB-
266-G-3-

064

BTFB-
266-G-3-

080

BTFB-
266-G-3-

115

BTFB-
266-G-3-

125

BTFB-
266-G-3-

150

BTFB-
266-G-3-

220

BTFB-
266-G-3-

260

Voltage
in V 480 +10% 480 +10% 480 +10% 480 +10% 480 +10% 480 +10% 480 +10% 480 +10% 480 +10%

Current in A
at 40°C 3 x 13A 3 x 32A 3 x 64A 3 x 80A 3 x 115A 3 x 125A 3 x 150A 3 x 220A 3 x 260A

Leakage current in
mA/phase/50Hz
worst case 1 )

180 280 550 690 750 750 380 380 600

Leakage current in
mA/phase/50Hz
Un 2 )

< 30 < 30 < 30 < 30 < 30 < 30 < 30 < 30 < 30

Test voltage
in V DC, for 2s
ph./ph, ph./ground

2064 /
2064

2064 /
2064

2064 /
2064

2064 /
2064

2064 /
2064

2064 /
2064

2064 /
2064

2064 /
2064

2064 /
2064

Dimensions Single
wire / litze 4 / 4 mm_ 10 / 6 mm_ 25 / 16

mm_
35 / 25
mm_

50 / 50
mm_

50 / 50
mm_

95 / 95
mm_

95 / 95
mm_

150 / 150
mm_

Output cable 3x2,5mm_ 3x6mm_ 3x16mm_ 3x16mm_ 3x35mm_ 3x35mm_ 3x50mm_ 3x70mm_ 3x95mm_

Weight in kg
(approx.) 1,4 2,5 4,5 4,3 6,4 6,7 8,8 9,3 13,7

Heat dissipation
in W (approx.) 12 14 36 32 38 45 40 60 50

1  ). “Worst case” states the leakage current of three-phase filters at worst case. That
means one phase is live and two phases of the feed-line lead-in are interrupted. These
maximum values are based on an operating voltage of 480 V (ph./ph.).
2  ) The rated leakage current for three-phase filters is stated. This means the filter is
operating at 480 V (ph./.ph.). The stated values are adhered to up to a neutral voltage of
5V to ground caused by line unbalance.

Current at 40°C ambient temperature
Overload 1.5 x IN for 10min

Frequency 50 / 60 Hz

Material Steel, surface refined

Humidity class C

Operation height < 1000 m without derating;
> 1000 m, IN-2%, for each 1000m

Temperature
range

-25°C through +85°C

Enclosure Input terminals IP 20
and PE-holder.

Load side: cable, unshielded.

Dimensio ns (in mm)

00,20,40,60,81,020406080100Temperature in °C
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Modell: Typ A B C D E F G H L

FPFB-266-G-3-013 1 255 143 29 241 130 4x6

FPFB-266-G-3-032 1 260 203 43 246 189 4x7

FPFB-266-G-3-064 1 390 244 45 376 229 4x7

BTFB-266-G-3-080 2 310 60 87 380 50 4x8,5 400

BTFB-266-G-3-115 2 340 70 110 420 60 4x8,5 440

BTFB-266-G-3-125 2 340 70 110 420 60 4x8,5 440

BTFB-266-G-3-150 3 390 130 94 505 105 4x9 525 23 480

BTFB-266-G-3-220 3 390 130 94 505 105 4x9 525 23 500

BTFB-266-G-3-260 3 460 142 116 600 120 4x9 620 29 600

F

D A

E
B

C

Typ 1

A
D
G

EB

C

H

L

Typ 3

F

Typ 2

A

C

E
B D

G

E
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Hitachi Europe GmbH
Am Seestern 18 (Euro-Center)
D-40547 Düsseldorf
Tel: +49 (0)211 5283-0 
Fax: +49 (0)211 5283-649
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HITACHI
L300P Series Inverter 
Instruction Manual

• Three-phase Input 200V Class
• Three-phase Input 400V Class

UL Version Models CE Version Models

After reading this manual,
keep it handy for future reference.

Hitachi Industrial Equipment Systems Co., Ltd.

Manual Number: NB604XF
March 2003
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L300P Inverter
i

Safety Messages
For the best results with the L300P Series inverter, carefully read this manual and all of the 
warning labels attached to the inverter before installing and operating it, and follow the instruc-
tions exactly. Keep this manual handy for quick reference.

Definitions and 
Symbols

A safety instruction (message) includes a hazard alert symbol and a signal word, WARNING or 
CAUTION. Each signal word has the following meaning:

This symbol indicates HIGH VOLTAGE. It calls your attention to items or operations 
that could be dangerous to you and other persons operation this equipment. Read the 
message and follow the instructions carefully.

This symbol is the “Safety Alert Symbol.” It occurs with either of two signal words: 
CAUTION or WARNING, as described below.

WARNING: Indicates a potentially hazardous situation that, if not avoided, can result 
in serious injury or death.

CAUTION: Indicates a potentially hazardous situation that, if not avoided, can result 
in minor to moderate injury, or serious damage to the product. The situation described 
in the CAUTION may, if not avoided, lead to serious results. Important safety 
measures are described in CAUTION (as well as WARNING), so be sure to observe 
them.

STEP: A step is one of a series of action steps required to accomplish a goal. The 
number of the step will be contained in the step symbol.

NOTE: Notes indicate an area or subject of special merit, emphasizing either the 
product’s capabilities or common errors in operation or maintenance.

TIP: Tips give a special instruction that can save time or provide other benefits 
while installing or using the product. The tip calls attention to an idea that may not 
be obvious to first-time users of the product.

Hazardous High Voltage

HIGH VOLTAGE: Motor control equipment and electronic controllers are connected to haz-
ardous line voltages. When servicing drives and electronic controllers, there may be exposed 
components with housings or protrusions at or above line potential. Extreme care should be 
taken to protect against shock.
Stand on an insulating pad and make it a habit to use only one hand when checking compo-
nents. Always work with another person in case an emergency occurs. Disconnect power before 
checking controllers or performing maintenance. Be sure equipment is properly grounded. 
Wear safety glasses whenever working on electronic controllers or rotating machinery.
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General Precautions - Read These First!

WARNING: This equipment should be installed, adjusted, and serviced by qualified electrical 
maintenance personnel familiar with the construction and operation of the equipment and the 
hazards involved. Failure to observe this precaution could result in bodily injury.

WARNING: The user is responsible for ensuring that all driven machinery, drive train mecha-
nism not supplied by Hitachi Industrial Equipment Systems Co., Ltd., and process line material 
are capable of safe operation at an applied frequency of 150% of the maximum selected 
frequency range to the AC motor. Failure to do so can result in destruction of equipment and 
injury to personnel should a single-point failure occur.

WARNING: For equipment protection, install a ground leakage type breaker with a fast 
response circuit capable of handling large currents. The ground fault protection circuit is not 
designed to protect against personal injury.

HIGH VOLTAGE: HAZARD OF ELECTRICAL SHOCK. DISCONNECT INCOMING 
POWER BEFORE WORKING ON THIS CONTROL.

WARNING: Wait at least five (5) minutes after turning OFF the input power supply before 
performing maintenance or an inspection. Otherwise, there is the danger of electric shock.

CAUTION: These instructions should be read and clearly understood before working on 
L300P series equipment.

CAUTION: Proper grounds, disconnecting devices and other safety devices and their location 
are the responsibility of the user and are not provided by Hitachi Industrial Equipment Systems 
Co., Ltd.

CAUTION: Be sure to connect a motor thermal disconnect switch or overload device to the 
L300P series controller to assure that the inverter will shut down in the event of an overload or 
an overheated motor.

HIGH VOLTAGE: Dangerous voltage exists until power light is OFF. Wait at least 5 minutes 
after input power is disconnected before performing maintenance.

CAUTION: This equipment has high leakage current and must be permanently (fixed) hard-
wired to ground via two independent cables.

WARNING: Rotating shafts and above-ground electrical potentials can be hazardous. There-
fore, it is strongly recommended that all electrical work conform to the National Electrical 
Codes and local regulations. Installation, alignment and maintenance should be performed only 
by qualified personnel.
Factory-recommended test procedures included in the instruction manual should be followed. 
Always disconnect electrical power before working on the unit.
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CAUTION: 
a) Motor must be connected to protective ground via low resistive path (< 0.1Ω)
b) Any motor used must be of a suitable rating.
c) Motors may have hazardous moving parts. In this event suitable protection must be provided.

CAUTION: Alarm connection may contain hazardous live voltage even when inverter is 
disconnected. When removing the front cover for maintenance or inspection, confirm that 
incoming power for alarm connection is completely disconnected.

CAUTION: Hazardous (main) terminals for any interconnection (motor, contact breaker, filter, 
etc.) must be inaccessible in the final installation.

CAUTION: The end application must be in accordance with BS EN60204-1. Refer to the 
section “Step-by-Step Basic Installation” on page 2–6. The diagram dimensions are to be 
suitably amended for your application.

CAUTION: Connection to field wiring terminals must be reliably fixed having two indepen-
dent means of mechanical support. Using a termination with cable support (figure below), or 
strain relief, cable clamp, etc.

CAUTION: A three-pole disconnection device must be fitted to the incoming main power 
supply close to the inverter. Additionally, a protection device meeting IEC947-1/IEC947-3 
must be fitted at this point (protection device data shown in “Determining Wire and Fuse Sizes” 
on page 2–14).

NOTE: The above instructions, together with any other requirements are highlighted in this 
manual, and must be followed for continued LVD (European Low Voltage Directive) compli-
ance.

Terminal (ring lug) Cable support

Cable
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Index to Warnings and Cautions in This Manual

Installation—Cautions for Mounting Procedures

CAUTION: Be sure to install the unit on flame-resistant material such as a 
steel plate. Otherwise, there is the danger of fire.

............... 2–6

CAUTION: Be sure not to place any flammable materials near the inverter. 
Otherwise, there is the danger of fire.

............... 2–6

CAUTION: Be sure not to let the foreign matter enter vent openings in the 
inverter housing, such as wire clippings, spatter from welding, metal 
shavings, dust, etc. Otherwise, there is the danger of fire.

............... 2–6

CAUTION: Be sure to install the inverter in a place that can bear the weight 
according to the specifications in the text (Chapter 1, Specifications Tables). 
Otherwise, it may fall and cause injury to personnel.

............... 2–6

CAUTION: Be sure to install the unit on a perpendicular wall that is not 
subject to vibration. Otherwise, it may fall and cause injury to personnel.

............... 2–6

CAUTION: Be sure not to install or operate an inverter that is damaged or 
has missing parts. Otherwise, it may cause injury to personnel.

............... 2–6

CAUTION: Be sure to install the inverter in a well-ventilated room that 
does not have direct exposure to sunlight, a tendency for high temperature, 
high humidity or dew condensation, high levels of dust, corrosive gas, 
explosive gas, inflammable gas, grinding-fluid mist, salt air, etc. Otherwise, 
there is the danger of fire.

............... 2–6

CAUTION: Be sure to maintain the specified clearance area around the 
inverter and to provide adequate ventilation. Otherwise, the inverter may 
overheat and cause equipment damage or fire.

............... 2–7

Wiring—Warnings for Electrical Practices and Wire Specifications

WARNING: “Use 60/75°C Cu wire only” or equivalent. .............  2–13

WARNING: “Open Type Equipment.” .............  2–13

WARNING: “A Class 2 circuit wired with Class 1 wire” or equivalent. .............  2–13

WARNING: “Suitable for use on a circuit capable of delivering not more 
than 10,000 rms symmetrical amperes, 240 V maximum.” For models with 
suffix L.

.............  2–13

WARNING: “Suitable for use on a circuit capable of delivering not more 
than 10,000 rms symmetrical amperes, 480 V maximum.” For models with 
suffix H.

.............  2–13
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HIGH VOLTAGE: Be sure to ground the unit. Otherwise, there is a danger 
of electric shock and/or fire.

.............  2–13

HIGH VOLTAGE: Wiring work shall be carried out only by qualified 
personnel. Otherwise, there is a danger of electric shock and/or fire.

.............  2–13

HIGH VOLTAGE: Implement wiring after checking that the power supply 
is OFF. Otherwise, you may incur electric shock and/or fire.

.............  2–13

HIGH VOLTAGE: Do not connect wiring to an inverter or operate an 
inverter that is not mounted according the instructions given in this manual. 
Otherwise, there is a danger of electric shock and/or injury to personnel.

.............  2–13

Wiring—Cautions for Electrical Practices

CAUTION: Be sure that the input voltage matches the inverter specifica-
tions: • Three phase 200 to 240V 50/60Hz • Three phase 380 to 480V 50/
60Hz

.............  2–19

CAUTION: Be sure not to power a three-phase-only inverter with single 
phase power. Otherwise, there is the possibility of damage to the inverter 
and the danger of fire.

.............  2–19

CAUTION: Be sure not to connect an AC power supply to the output termi-
nals. Otherwise, there is the possibility of damage to the inverter and the 
danger of injury and/or fire.

.............  2–19

Power Input Power Output

R S T

T1 T2 T3

U V W

L1 L3

NOTE:

L1, L2, L3: Three-phase 200 to 240V 50/60 Hz
Three-phase 380 to 480V 50/60 HzL2
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CAUTION: Fasten the screws with the specified fastening torque in the 
table below. Check for any loosening of screws. Otherwise, there is the 
danger of fire.

.............  2–16

CAUTION: Remarks for using ground fault interrupter breakers in the main 
power supply: Adjustable frequency inverters with CE-filters (RFI-filter) 
and shielded (screened) motor cables have a higher leakage current toward 
Earth GND. Especially at the moment of switching ON this can cause an 
inadvertent trip of ground fault interrupter breakers. Because of the rectifier 
on the input side of the inverter there is the possibility to stall the switch-off 
function through small amounts of DC current. Please observe the follow-
ing: • Use only short time-invariant and pulse current-sensitive ground fault 
interrupter breakers with higher trigger current. • Other components should 
be secured with separate ground fault interrupter breakers. • Ground fault 
interrupter breakers in the power input wiring of an inverter are not an 
absolute protection against electric shock.

.............  2–19

CAUTION: Be sure to install a fuse in each phase of the main power supply 
to the inverter. Otherwise, there is the danger of fire.

.............  2–19

CAUTION: For motor leads, ground fault interrupter breakers and electro-
magnetic contactors, be sure to size these components properly (each must 
have the capacity for rated current and voltage). Otherwise, there is the 
danger of fire.

.............  2–19

CAUTION: Failure to remove all vent opening covers before electrical 
operation may result in damage to the inverter.

.............  2–20

Powerup Test Caution Messages

CAUTION: The heat sink fins will have a high temperature. Be careful not 
to touch them. Otherwise, there is the danger of getting burned.

.............  2–21

CAUTION: The operation of the inverter can be easily changed from low 
speed to high speed. Be sure to check the capability and limitations of the 
motor and machine before operating the inverter. Otherwise, there is the 
danger of injury.

.............  2–21

CAUTION: If you operate a motor at a frequency higher than the inverter 
standard default setting (50Hz/60Hz), be sure to check the motor and 
machine specifications with the respective manufacturer. Only operate the 
motor at elevated frequencies after getting their approval. Otherwise, there 
is the danger of equipment damage and/or injury to personnel.

.............  2–22

CAUTION: Check the following before and during the powerup test. Other-
wise, there is the danger of equipment damage. • Is the shorting bar between 
the [P] and [PD] terminals installed? DO NOT power or operate the inverter 
if the jumper is removed. • Is the direction of the motor rotation correct? • 
Did the inverter trip during acceleration or deceleration? • Were the rpm and 
frequency meter readings as expected? • Were there any abnormal motor 
vibrations or noise?

.............  2–22
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Warnings for Operations and Monitoring

WARNING: Be sure to turn ON the input power supply only after closing 
the front case. While the inverter is energized, be sure not to open the front 
case. Otherwise, there is the danger of electric shock.

...............  4–3

WARNING: Be sure not to operate electrical equipment with wet hands. 
Otherwise, there is the danger of electric shock.

...............  4–3

WARNING: While the inverter is energized, be sure not to touch the 
inverter terminals even when the motor is stopped. Otherwise, there is the 
danger of electric shock.

...............  4–3

WARNING: If the Retry Mode is selected, the motor may suddenly restart 
after a trip stop. Be sure to stop the inverter before approaching the machine 
(be sure to design the machine so that safety for personnel is secure even if 
it restarts.) Otherwise, it may cause injury to personnel.

...............  4–3

WARNING: If the power supply is cut OFF for a short period of time, the 
inverter may restart operation after the power supply recovers if the Run 
command is active. If a restart may pose danger to personnel, so be sure to 
use a lock-out circuit so that it will not restart after power recovery. Other-
wise, it may cause injury to personnel.

...............  4–3

WARNING: The Stop Key is effective only when the Stop function is 
enabled. Be sure to enable the Stop Key separately from the emergency 
stop. Otherwise, it may cause injury to personnel.

...............  4–3

WARNING: During a trip event, if the alarm reset is applied and the Run 
command is present, the inverter will automatically restart. Be sure to apply 
the alarm reset only after verifying the Run command is OFF. Otherwise, it 
may cause injury to personnel.

...............  4–3

WARNING: Be sure not to touch the inside of the energized inverter or to 
put any conductive object into it. Otherwise, there is a danger of electric 
shock and/or fire.

...............  4–3

WARNING: If power is turned ON when the Run command is already 
active, the motor will automatically start and injury may result. Before 
turning ON the power, confirm that the RUN command is not present.

...............  4–3

WARNING: When the Stop key function is disabled, pressing the Stop key 
does not stop the inverter, nor will it reset a trip alarm.

...............  4–3

WARNING: Be sure to provide a separate, hard-wired emergency stop 
switch when the application warrants it.

...............  4–3

WARNING: If the power is turned ON and the Run command is already 
active, the motor starts rotation and is dangerous! Before turning power ON, 
confirm that the external Run command is not active.

.............  4–11

WARNING: After the Reset command is given and the alarm reset occurs, 
the motor will restart suddenly if the Run command is already active. Be 
sure to set the alarm reset after verifying that the Run command is OFF to 
prevent injury to personnel.

.............  4–26
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Cautions for Operations and Monitoring

CAUTION: The heat sink fins will have a high temperature. Be careful not 
to touch them. Otherwise, there is the danger of getting burned.

...............  4–2

CAUTION: The operation of the inverter can be easily changed from low 
speed to high speed. Be sure check the capability and limitations of the 
motor and machine before operating the inverter. Otherwise, it may cause 
injury to personnel.

...............  4–2

CAUTION: If you operate a motor at a frequency higher than the inverter 
standard default setting (50Hz/60Hz), be sure to check the motor and 
machine specifications with the respective manufacturer. Only operate the 
motor at elevated frequencies after getting their approval. Otherwise, there 
is the danger of equipment damage.

...............  4–2

CAUTION: It is possible to damage the inverter or other devices if your 
application exceeds the maximum current or voltage characteristics of a 
connection point.

...............  4–6

CAUTION: Be careful not to turn PID Clear ON and reset the integrator 
sum when the inverter is in Run Mode (output to motor is ON). Otherwise, 
this could cause the motor to decelerate rapidly, resulting in a trip.

.............  4–29

CAUTION: When the motor runs at lower speeds, the cooling effect of the 
motor’s internal fan decreases.

.............  4–47

Warnings and Cautions for Troubleshooting and Maintenance

WARNING: Wait at least five (5) minutes after turning OFF the input power 
supply before performing maintenance or an inspection. Otherwise, there is 
the danger of electric shock.

...............  6–2

WARNING: Make sure that only qualified personnel will perform mainte-
nance, inspection, and part replacement. Before starting to work, remove 
any metallic objects from your person (wristwatch, bracelet, etc.). Be sure 
to use tools with insulated handles. Otherwise, there is a danger of electric 
shock and/or injury to personnel.

...............  6–2

WARNING: Never remove connectors by pulling on its wire leads (wires 
for cooling fan and logic P.C. board). Otherwise, there is danger of fire due 
to wire breakage and/or injury to personnel.

...............  6–2

CAUTION: Do not connect the megger to any control circuit terminals such 
as intelligent I/O, analog terminals, etc. Doing so could cause damage to the 
inverter.

.............  6–11

CAUTION: Never test the withstand voltage (HIPOT) on the inverter. The 
inverter has a surge protector between the main circuit terminals above and 
the chassis ground.

.............  6–11

WARNING: The screws that retain the capacitor bank assembly are part of 
the electrical circuit of the high-voltage internal DC bus. Be sure that all 
power has been disconnected from the inverter, and that you have waited at 
least 5 minutes before accessing the terminals or screws. Be sure the charge 
lamp is extinguished. Otherwise, there is the danger of electrocution to 
personnel.

.............  6–13
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General Warnings and Cautions

WARNING: Never modify the unit. Otherwise, there is a danger of electric shock and/or 
injury.

CAUTION: Withstand voltage tests and insulation resistance tests (HIPOT) are executed 
before the units are shipped, so there is no need to conduct these tests before operation.

CAUTION: Do not attach or remove wiring or connectors when power is applied. Also, do not 
check signals during operation.

CAUTION: Do not stop operation by switching OFF electromagnetic contactors on the 
primary or secondary sides of the inverter. 

When there has been a sudden power failure while a Run command is active, then the unit may 
restart operation automatically after the power failure has ended. If there is a possibility that 
such an occurrence may harm humans, then install an electromagnetic contactor on the power 
supply side, so that the circuit does not allow automatic restarting after the power supply recov-
ers. If an optional remote operator is used and the retry function has been selected, this will also 
allow automatic restarting when a Run command is active. So, please be careful.

CAUTION: Do not operate the inverter unless you have replaced the six 
screws that connect the capacitor bank assembly to the inverter’s circuits. 
Otherwise, damage to the inverter may occur.

.............  6–13

CAUTION: Remove the fan assembly carefully, since it is attached to the 
unit via connecting wires.

.............  6–14

HIGH VOLTAGE: Be careful not to touch wiring or connector terminals 
when working with the inverters and taking measurements. Be sure to place 
the measurement circuitry above in an insulated housing before using them.

.............  6–16

Power 
Input

Inverter

R, S, T

Ground fault 
interrupter

U, V, W Motor

FW

MCCB GFI

L1, L2, L3
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CAUTION: Do not insert leading power factor capacitors or surge absorbers between the 
output terminals of the inverter and motor. 

CAUTION: Be sure to connect the grounding terminal to earth ground.

CAUTION: When inspecting the unit, be sure to wait five minutes after tuning OFF the power 
supply before opening the cover.

CAUTION: SUPPRESSION FOR NOISE INTERFERENCE FROM INVERTER
The inverter uses many semiconductor switching elements such as transistors and IGBTs. 
Thus, a radio receiver or measuring instrument located near the inverter is susceptible to noise 
interference.
To protect the instruments from erroneous operation due to noise interference, they should be 
used well away from the inverter. It is also effective to shield the whole inverter structure.
The addition of an EMI filter on the input side of the inverter also reduces the effect of noise 
from the commercial power line on external devices.
Note that the external dispersion of noise from the power line can be minimized by connecting 
an EMI filter on the primary side of inverter.

Power 
Input

Inverter

R, S, T

Ground fault 
interrupter

U, V, W Motor

GND lug

Surge absorber

Leading power 
factor capacitor

GFI

L1, L2, L3

Power 
source

R1

EMI filter

S1

T1

R2

S2

T2

R

S

T

U

V

W

Motor

Inverter

Inverter

Remote
operator

EMI filter

noise

Motor

Conduit or shielded cable—
 to be grounded

Grounded frame

Completely ground the enclosed 
panel, metal screen, etc. with as 
short a wire as possible.

L1

L2

L3

T1

T2

T3
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CAUTION: MOTOR TERMINAL VOLTAGE SURGE SUPPRESSION FILTER 
(For 400 V CLASS Inverters)
In a system using an inverter with the voltage control PWM system, a voltage surge caused by 
the cable constants such as the cable length (especially when the distance between the motor 
and inverter is 10 m or more) and cabling method may occur at the motor terminals. A 
dedicated filter of the 400 V class for suppressing this voltage surge is available. Be sure to 
install a filter in this situation. (See “LCR filter” on page 5–2, part type HRL–xxxC.)

CAUTION:  EFFECTS OF POWER DISTRIBUTION SYSTEMS ON INVERTERS
In the cases below involving a general-purpose inverter, a large peak current can flow on the 
power supply side, sometimes destroying the converter module:
1. The unbalance factor of the power supply is 3% or higher.
2. The power supply capacity is at least 10 times greater than the inverter capacity (or the

power supply capacity is 500 kVA or more).
3. Abrupt power supply changes are expected, due to conditions such as:

a. Several inverters are interconnected with a short bus.
b. A thyristor converter and an inverter are interconnected with a short bus.
c. An installed phase advance capacitor opens and closes.

Where these conditions exist or when the connected equipment must be highly reliable, you 
MUST install an input-side AC reactor of 3% (at a voltage drop at rated current) with respect to 
the supply voltage on the power supply side. Also, where the effects of an indirect lightning 
strike are possible, install a lightning conductor.

CAUTION: Do not install inverters in a corner-grounded Delta distribution system. The result-
ing line imbalance will cause premature line fuse failure and failure of the inverter input bridge 
rectifier. Install in a balanced Delta or Wye distribution system only.

CAUTION: When the EEPROM error E8 occurs, be sure to confirm the setting values again.

CAUTION: When using normally closed active state settings (C011 to C019) for externally 
commanded Forward or Reverse terminals [FW] or [RV], the inverter may start automatically 
when the external system is powered OFF or disconnected from the inverter! So, do not use 
normally closed active state settings for Forward or Reverse terminals [FW] or [RV] unless 
your system design protects against unintended motor operation.

General Caution

CAUTION: In all the illustrations in this manual, covers and safety devices are occasionally 
removed to describe the details. While operating the product, make sure that the covers and 
safety devices are placed as they were specified originally and operate it according to the 
instruction manual.
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xii

UL® Cautions, Warnings, and Instructions
Wiring Warnings 
for Electrical 
Practices and 
Wire Sizes

The Cautions, Warnings, and instructions in this section summarize the procedures necessary to 
ensure an inverter installation complies with Underwriters Laboratories® guidelines.

WARNING: “Use 60/75°C Cu wire only” or equivalent.

WARNING: “Open Type Equipment.” For models L300P–900H to L300P–1320H.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 240 V maximum.” For models with suffix L.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 480 V maximum.” For models with suffix H.

Terminal Tighten-
ing Torque and 
Wire Size

The wire size range and tightening torque for field wiring terminals are presented in the table 
below.

TIP: AWG = American Wire Gauge. Smaller numbers represent increasing wire thickness.
kcmil = 1,000 circular mils, a measure of wire cross-sectional area
mm2 = square millimeters, a measure of wire cross-sectional area

Input 
Voltage

Motor 
Output Inverter Models,

L300P
Wire Size Range (AWG)

Torque

HP kW ft-lbs N-m

200V

2 1.5 -015LFU2 14 1.1 1.5

3 2.2 -022LFU2 14 1.1 1.5

5 3.7 -037LFU2 10 1.1 1.5

7.5 5.5 -055LFU2 8 1.8 2.5

10 7.5 -075LFU2 6 1.8 2.5

15 11 -110LFU2 4 3.6 4.9

20 15 -150LFU2 2 3.6 4.9

25 18.5 -185LFU2 4 || 4 AWG 3.6 4.9

30 22 -220LFU2 1/0 6.5 8.8

40 30 -300LFU2 2 || 2 AWG 6.5 8.8

50 37 -370LFU2 1 || 1AWG 6.5 8.8

60 45 -450LFU2 1 || 1 AWG (75°C) 10.1 13.7

75 55 -550LFU2 2/0 || 2/0 AWG 10.1 13.7

100 75 -750LFU2 3/0 || 3/0 AWG 10.1 13.7
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Input 
Voltage

Motor 
Output Inverter Models,

L300P
Wire Size Range (AWG)

Torque

HP kW ft-lbs N-m

400V

2 1.5 -015HFU2, HFE2 20 1.1 1.5

3 2.2 -022HFU2, HFE2 18 1.1 1.5

5 4.0 -040HFU2, HFE2 16 1.1 1.5

7.5 5.5 -055HFU2, HFE2 14 1.1 1.5

10 7.5 -075HFU2, HFE2 12 1.8 2.5

15 11 -110HFU2, HFE2 8 3.6 4.9

20 15 -150HFU2, HFE2 6 3.6 4.9

25 18.5 -185HFU2, HFE2 6 3.6 4.9

30 22 -220HFU2, HFE2 4 3.6 4.9

40 30 -300HFU2, HFE2 3 3.6 4.9

50 37 -370HFU2, HFE2 4 || 4 AWG 3.6 4.9

60 45 -450HFU2, HFE2 1 6.5 8.8

75 55 -550HFU2, HFE2 2 || 2 AWG 6.5 8.8

100 75 -750HFU2, HFE2 1 || 1 AWG 6.5 8.8

125 90 -900HFU2, HFE2 1 || 1 AWG (75°C) 10.1 13.7

150 110 -1100HFU2, HFE2 2/0 || 2/0 AWG 10.1 13.7

175 132 -1320HFU2, HFE2 2/0 || 2/0 AWG 10.1 13.7
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xiv

Circuit Breaker 
and Fuse Sizes

The inverter’s connections to input power must include UL Listed inverse time circuit breakers 
with 600V rating, or UL Listed fuses as shown in the table below.

Wire Connectors

WARNING: Field wiring connections must 
be made by a UL Listed and CSA Certified 
ring lug terminal connector sized for the 
wire gauge being used. The connector must 
be fixed using the crimping tool specified by 
the connector manufacturer.

Motor Overload 
Protection

Hitachi L300P inverters provide solid state motor overload protection, which depends on the 
proper setting of the following parameters:

• B012 “electronic overload protection”

• B212 “electronic overload protection, 2nd motor”

Set the rated current [Amperes] of the motor(s) with the above parameters. The setting range is 
0.2 * rated current to 1.2 * rated current.

WARNING: When two or more motors are connected to the inverter, they cannot be protected 
by the electronic overload protection. Install an external thermal relay on each motor.

Input 
Voltage

Motor 
Output

200V
Inverter Models,

L300P

Circuit 
Breaker 

(A)

Fuse 
(A)

Input 
Voltage

Motor 
Output

400V
Inverter Models,

L300P

Circuit 
Breaker 

(A)

Fuse 
(A)

HP kW HP kW

200V

2 1.5 -015LFU2 10 10

400V

2 1.5 -015HFU2, HFE2 10 10

3 2.2 -022LFU2 15 15 3 2.2 -022HFU2, HFE2 10 10

5 3.7 -037LFU2 20 20 5 4.0 -040HFU2, HFE2 15 15

7.5 5.5 -055LFU2 30 30 7.5 5.5 -055HFU2, HFE2 15 15

10 7.5 -075LFU2 40 40 10 7.5 -075HFU2, HFE2 20 20

15 11 -110LFU2 60 60 15 11 -110HFU2, HFE2 30 30

20 15 -150LFU2 70 70 20 15 -150HFU2, HFE2 35 35

25 18.5 -185LFU2 90 90 25 18.5 -185HFU2, HFE2 50 50

30 22 -220LFU2 100 100 30 22 -220HFU2, HFE2 50 50

40 30 -300LFU2 150 150 40 30 -300HFU2, HFE2 70 70

50 37 -370LFU2 175 175 50 37 -370HFU2, HFE2 80 80

60 45 -450LFU2 200 200 60 45 -450HFU2, HFE2 100 100

75 55 -550LFU2 250 250 75 55 -550HFU2, HFE2 125 125

100 75 -750LFU2 300 300 100 75 -750HFU2, HFE2 150 150

125 90 -900HFU2, HFE2 — 200

150 110 -1100HFU2, HFE2 — 225

175 132 -1320HFU2, HFE2 — 300

Terminal (ring lug) Cable support

Cable
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Revisions

Revision History Table 

No. Revision Comments Date of Issue Operation 
Manual No.

Initial release of manual NB604X August 2001 NB604X
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Updated intelligent I/O wiring examples throughout Chapter 4 to
   use default terminals or otherwise least-used terminals
Corrected alarm relay symbols in multiple pages in Chapter 4
Contents, Revisions, Index updates
Front cover update

December 2001 NB604XA
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   nameplate photo
Corrected graphs on pages 3–28 and 3–40
Made a few minor edits throughout

May 2002 NB604XB
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   and –015HFU2 to –075HFU2... included updates to Safety
   section wire and fuse size tables, Chapter 1 specs tables and
   derating curves, Chapter 2 dimension drawings, Chapter 2 wire
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   Chapter 4 terminal listing and terminal description pages
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   descriptions and Appendix C parameter listing
Changed –xFU models references to –xFU2 throughout
Added index entries for new –xFU2 functions
Expanded derating curve graphs in Chapter 1
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   Input section
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   Safety section tables and Chapter 2 tables
Enhanced Chapter 5 text and diagrams for dynamic braking
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Contents, Revisions, Index, Cover updates

August 2002 NB604XC

4 Added –xFE2 models in tables and diagrams throughout
Updated keypad navigation map in Chapters 2 and 3
Enhanced sink/source input descriptions in Chapter 4
Contents, Revisions, Index, Cover updates

November 2002 NB604XD

5 Added jumper descriptions throughout Chapter 4
Contents, Revisions, Index, Cover updates

March 2003 NB604XE
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Revisions, Cover updates

March 2003 NB604XF
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Contact Information

NOTE: To receive technical support for the Hitachi inverter you purchased, contact the Hitachi 
inverter dealer from whom you purchased the unit, or the sales office or factory contact listed 
above. Please be prepared to provide the following inverter nameplate information:

1. Model
2. Date of purchase
3. Manufacturing number (MFG No.)
4. Symptoms of any inverter problem

If any inverter nameplate information is illegible, please provide your Hitachi contact with any 
other legible nameplate items. To reduce unpredictable downtime, we recommend that you 
stock a spare inverter.

Hitachi America, Ltd.
Power and Industrial Division
50 Prospect Avenue
Tarrytown, NY 10591
U.S.A.
Phone: +1-914-631-0600
Fax:   +1-914-631-3672

Hitachi Australia Ltd.
Level 3, 82 Waterloo Road
North Ryde, N.S.W. 2113
Australia
Phone: +61-2-9888-4100
Fax:   +61-2-9888-4188

Hitachi Europe GmbH
Am Seestern 18
D-40547 Düsseldorf
Germany
Phone: +49-211-5283-0
Fax:   +49-211-5283-649

Hitachi Industrial Equipment Systems Co, Ltd.
International Sales Department
WBG MARIVE WEST 16F
6, Nakase 2-chome
Mihama-ku, Chiba-shi,
Chiba 261-7116  Japan
Phone: +81-43-390-3516
Fax:   +81-43-390-3810

Hitachi Asia Ltd.
16 Collyer Quay
#20-00 Hitachi Tower, Singapore 049318
Singapore
Phone: +65-538-6511
Fax:   +65-538-9011

Hitachi Industrial Equipment Systems Co, Ltd.
Narashino Division
1-1, Higashi-Narashino 7-chome
Narashino-shi, Chiba 275-8611
Japan
Phone: +81-47-474-9921
Fax:   +81-47-476-9517

Hitachi Asia (Hong Kong) Ltd.
7th Floor, North Tower
World Finance Centre, Harbour City
Canton Road, Tsimshatsui, Kowloon
Hong Kong
Phone: +852-2735-9218
Fax:   +852-2735-6793
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Introduction
Main Features Congratulations on your purchase of an L300P 

Series Hitachi inverter! This inverter drive features 
state-of-the-art circuitry and components to provide 
high performance. The housing footprint is excep-
tionally small, given the size of the corresponding 
motor. The Hitachi L300P product line includes 
more than twenty inverter models to cover motor 
sizes from 2 horsepower to 175 horsepower, in 
either 230 VAC or 480 VAC power input versions. 
The main features are:

• 200V Class and 400V Class inverters

• UL or CE version available

• Variable frequency control

• Optional regenerative braking circuit

• Different operator keypads available for RUN/
STOP control and setting parameters

• Built-in RS-422 communications interface to 
allow configuration from a PC and for field bus 
external modules

• Sixteen programmable speed levels

• PID control adjusts motor speed automatically to 
maintain a process variable value

The design of Hitachi inverters overcomes many of 
the traditional trade-offs between speed, torque and 
efficiency. The performance characteristics are: 

• Continuous operation at 100% rated torque 
within a 1:10 speed range (6/60 Hz / 5/50 Hz) 
without motor derating

• Models up to and including 11kW and 15kW
(15 and 20hp) have built-in dynamic braking 
units

• Cooling fan has ON/OFF selection to provide 
longer life

A full line of accessories from Hitachi is avail-
able to complete your motor control application. 
These include:

• Digital remote operator keypad

• Expansion card for digital inputs

• Braking resistors

• Radio noise filters

• CE compliance filters

• Additional factory I/O network interface cards 
(to be announced)

Model L300P-110HFU2 (UL version)

Model L300P-110HFE2 (CE version)

Expansion Card - Digital Inputs
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Digital Operator 
Interface
Components

The L300P Series inverters have a detachable keypad (called a digital operator) on the front 
panel of the housing. The particular keypad that comes with the inverter depends on the country 
or continent corresponding to the particular model number. The standard digital operators 
occupy just part of the keypad recess in the panel. Therefore, the inverter comes with a snap-in 
panel filler plate that mounts below the keypad as shown.

These detachable keypads can be mounted in a NEMA cabinet panel door cut-out, for example. 
Threaded metal inserts on the rear of the keypads facilitate this external mounting configura-
tion. A short cable then connects the keypad unit to the connector in the inverter keypad recess. 
See Chapter 3 for information on how to install and use these keypads and cables.

The digital operator / copy unit is optional, and 
occupies the entire keypad recess when mounted. It 
has the additional capability of reading (uploading) 
the parameter settings in the inverter into its memory. 
Then you can install the copy unit on another inverter 
and write (download) the parameter settings into that 
inverter. OEMs will find this unit particularly useful, 
as one can use a single copy unit to transfer parame-
ter settings from one inverter to many.

Other digital operator interfaces may be available 
from your Hitachi distributor for particular industries 
or international markets. Contact your Hitachi 
distributor for further details.

Digital Operator OPE-SRE
standard for -LFU2 and -HFU2 models

Digital Operator OPE-SR
standard for -HFE2 models

Optional Digital Operator / Copy Unit
SRW-0EX
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Removable 
Components

The L300P Series inverters are designed for long life and ease of service. Several components 
are removable as shown below, aiding installation or parts replacement. Details on how and 
when to remove these parts are in the referenced chapters.

Fan Unit
(See Chapter 6 for servicing)

Control Signal Terminal Block
(See Chapter 4 for wiring)

Cable entry/exit plate
(See Chapter 2 for instructions)

Capacitor Bank for DC Link
(See Chapter 6 for servicing)

Digital Operator and Panel Filler Plate
(See Chapter 3 for instructions)

Auxiliary fan (on some models)
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Specifications 
Label and Agency 
Approvals

The Hitachi L300P inverters have product specifi-
cations labels located on the front and the right 
side of the housing, as pictured to the right. Be 
sure to verify that the specifications on the labels 
match your power source, motor, and application 
safety requirements.

Model Number 
Convention

The model number for a specific inverter contains useful information about its operating 
characteristics. Refer to the model number legend below:

Product Labels

Power Input Rating:
   frequency, voltage, phase, current

Inverter model number

Motor capacity for this model

Output Rating:
   frequency, voltage, current

Manufacturing codes:
   lot number, date, etc.

SpecificationsRegulatory agency approvals

L300P 110 H F U 2

Version number (_, 2, 3, ...)

Restricted distribution:
   E=Europe, U=USA

Input voltage:
   H = three-phase 400V class
   L = three phase only, 200V class

Applicable motor capacity in kW

015 = 1.5 kW
022 = 2.2 kW
037 = 3.7 kW
055 = 5.5 kW
075 = 7.5 kW
110 = 11 kW
150 = 15 kW
185 = 18.5 kW
220 = 22 kW

300 = 30 kW
370 = 37 kW
450 = 45 kW
550 = 55 kW
750 = 75 kW
900 = 90 kW
1100 = 110 kW
1320 = 132 kW

Configuration type
   F = with digital operator (keypad)Series 

name
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L300P Inverter Specifications
Tables for 200V 
class inverters

Note that “General Specifications” on page 1–9 covers all L300P inverters, followed by 
footnotes for all specifications tables. Seven 200V models in the tables below (2 to 20 hp) have 
internal dynamic braking units (see “Dynamic Braking” on page 5–6).        

Item 200V Class Specifications

L300P inverters, 200V models, UL ver. 015LFU2 022LFU2 037LFU2 055LFU2 075LFU2

Applicable motor size, 4-pole  *2 HP 2 3 5 7.5 10

kW 1.5 2.2 3.7 5.5 7.5

Rated capacity (200/240V) kVA 2.5 / 3.1 3.6 / 4.3 5.7 / 6.8 8.3 / 9.9 11 / 13.3

Rated input voltage 3-phase: 200 to 240V ±10%, 50/60 Hz ±5%

Rated input current (A) 8.3 12 18 26 35

Rated output voltage  *3 3-phase (3-wire) 200 to 240V (corresponding to input voltage)

Rated output current (A) 7.5 10.5 16.5 24 32

Efficiency at 100% rated output, % 92.3 93.2 94.0 94.4 94.6

Watt loss,
approximate (W)

at 70% output 102 127 179 242 312

at 100% output 125 160 235 325 425

Dynamic braking
approx. % torque, 
short time stop  *7

without ext. res. 50% 20%

with external res. 200% 160% 100% 80%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 5 / 11

Item 200V Class Specifications

L300P inverters, 200V models, UL ver. 110LFU2 150LFU2 185LFU2 220LFU2 300LFU2

Applicable motor size, 4-pole  *2 HP 15 20 25 30 40

kW 11 15 18.5 22 30

Rated capacity (200/240V) kVA 15.2 / 18.2 20.0 / 24.1 25.2 / 30.3 29.4 / 35.3 39.1 / 46.9

Rated input voltage 3-phase: 200 to 240V ±10%, 50/60 Hz ±5%

Rated input current (A) 48 64 80 94 124

Rated output voltage  *3 3-phase (3-wire) 200 to 240V (corresponding to input voltage)

Rated output current (A) 44 58 73 85 113

Efficiency at 100% rated output, % 94.8 94.9 95 95 95

Watt loss,
approximate (W)

at 70% output 435 575 698 820 1100

at 100% output 600 800 975 1150 1550

Dynamic braking
approx. % torque, 
short time stop  *7

without ext. res. 10% 10% 10% 10% 10%

with external res. 55% 50% —

with external res. 
and braking unit

— 25–170% 25–150% 55–110%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 5 / 11 5 / 11 12 / 26.4 12 / 26.4 12 / 26.4
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Tables for 400V 
class inverters

Note that “General Specifications” on page 1–9 covers all L300P inverters, followed by 
footnotes for all specifications tables. Seven 400V models in the tables below (2 to 20 hp) have 
internal dynamic braking units (see “Dynamic Braking” on page 5–6).      

Item 200V Class Specifications, continued

L300P inverters, 200V models, UL ver. 370LFU2 450LFU2 550LFU2 750LFU2

Applicable motor size  *2 HP 50 60 75 100

kW 37 45 55 75

Rated capacity (200/240V) kVA 48.4 / 58.1 58.5 / 70.2 72.7 / 87.2 93.5 / 112.2

Rated input voltage  3-phase: 200 to 240V ±10%, 50/60 Hz ±5%

Rated input current (A) 154 186 231 297

Rated output voltage  *3  3-phase (3-wire) 200 to 240V (corresponding to input voltage)

Rated output current (A) 140 169 210 270

Efficiency at 100% rated output, % 95.1 95.1 95.1 95.1

Watt loss,
approximate (W)

at 70% output 1345 1625 1975 2675

at 100% output 1900 2300 2800 3800

Dynamic braking
approx. % torque, 
short time stop  *7

without external 
braking unit

10% 10% 10% 10%

with external res. 
and braking unit

45–90% 35–75% 30–60% 30–60%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 20 / 44 30 / 66 30 / 66 50 / 110

Item 400V Class Specifications

L300P inverters, 
400V models

UL version 015HFU2 022HFU2 040HFU2 055HFU2 075HFU2

CE version 015HFE2 022HFE2 040HFE2 055HFE2 075HFE2

Applicable motor size  *2 HP 2 3 5 7.5 10

kW 1.5 2.2 4.0 5.5 7.5

Rated capacity (400 / 480V) kVA 2.6 / 3.1 3.6 / 4.4 5.9 / 7.1 8.3 / 9.9 11 / 13.3

Rated input voltage 3-phase (3-wire) 380 to 480V ±10%, 50/60 Hz ±5%

Rated input current (A) 4.2 5.8 9.5 13 18

Rated output voltage  *3 3-phase (3-wire): 380 to 480V (corresponding to input voltage)

Rated output current (A) 3.8 5.3 8.6 12 16

Efficiency at 100% rated output, % 92.3 93.2 94.0 94.4 94.6

Watt loss,
approximate (W)

at 70% output 102 127 179 242 312

at 100% output 125 160 235 325 425

Dynamic braking
approx. % torque, 
short time stop  *7

without ext. res. 50% 20%

with external res. 200% 140% 100%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 55 / 121
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Item 400V Class Specifications

L300P inverters, 
400V models

UL version 110HFU2 150HFU2 185HFU2 220HFU2 300HFU2 370HFU2

CE version 110HFE2 150HFE2 185HFE2 220HFE2 300HFE2 370HFE2

Applicable motor size  *2 HP 15 20 25 30 40 50

kW 11 15 18.5 22 30 37

Rated capacity (400 / 480V) kVA 15.2 / 18.2 20.0 / 24.1 25.6 / 30.7 29.7 / 35.7 39.4 / 47.3 48.4 / 58.1

Rated input voltage 3-phase (3-wire) 380 to 480V ±10%, 50/60 Hz ±5%

Rated input current (A) 24 32 41 47 63 77

Rated output voltage  *3 3-phase (3-wire): 380 to 480V (corresponding to input voltage)

Rated output current (A) 22 29 37 43 57 70

Efficiency at 100% rated output, % 94.8 94.9 95 95 95 95.1

Watt loss,
approximate (W)

at 70% output 435 575 698 820 1100 1345

at 100% output 600 800 975 1150 1550 1900

Dynamic braking
approx. % torque, 
short time stop  *7

without ext. res. 10% 10% 10% 10% 10% 10%

with external res. 55% 50% —

with external res. 
and braking unit

— 40–200% 35–200% 110–170% 90–150%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 5 / 11 5 / 11 12 / 26.4 12 / 26.4 12 / 26.4 20 / 44

Item 400V Class Specifications

L300P inverters, 
400V models

UL version 450HFU2 550HFU2 750HFU2 900HFU2 1100HFU2 1320HFU2

CE version 450HFE2 550HFE2 750HFE2 900HFE2 1100HFE2 1320HFE2

Applicable motor size  *2 HP 60 75 100 125 150 175

kW 45 55 75 90 110 132

Rated capacity (400 / 480V) kVA 58.8 / 
70.1

72.7 / 
87.2

93.5 / 112 111 / 133 135 / 162 159 / 191

Rated input voltage 3-phase (3-wire) 380 to 480V ±10%, 50/60 Hz ±5%

Rated input current (A) 94 116 149 176 215 253

Rated output voltage  *3 3-phase (3-wire): 380 to 480V (corresponding to input voltage)

Rated output current (A) 85 105 135 160 195 230

Efficiency at 100% rated output, % 95.1 95.1 95.1 95.2 95.2 95.2

Watt loss,
approximate (W)

at 70% output 1625 1975 2675 3375 3900 4670

at 100% output 2300 2800 3800 4800 5550 6650

Dynamic braking
approx. % torque, 
short time stop  *7

without external 
braking unit

10% 10% 10% 10% 10% 10%

with external res. 
and braking unit

70–120% 60–100% 45–70% 40–60% 30–50% 25–40%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 30 / 66 30 / 66 30 / 66 60 / 132 60 / 132 80 / 176
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General
Specifications

The following table (continued on next page) applies to all L300P inverter models.

Item General Specifications

Protective enclosure  *1  *11 Models L300P–110xxx to 750xxx: IP20 (NEMA 1)
Models L300P–900xx to 1320xxx: IP00

Control method Line-to-line sine wave pulse-width modulation (PWM) control

Output frequency range  *4 0.1 to 400 Hz

Frequency accuracy Digital command: ± 0.01% of the maximum frequency
Analog command: ± 0.2%  (25°C  ± 10°C)

Frequency setting resolution Digital: ± 0.01 Hz;  Analog: (max. frequency)/4000, [O] terminal: 12-bit, 0 to 10V;
[OI] terminal: 12-bit, 4-20mA; 12 bit [O2] terminal: 12 bit  –10 to +10V

Volt./Freq. characteristic V/F optionally variable (30 to 400Hz base frequency), V/F control (constant torque, 
reduced torque)

Overload capacity (output current) 120% for 60 seconds, 150% for 0.5 seconds

Acceleration/deceleration time 0.01 to 3600 sec., (linear curve profiles, accel./decel. selection), two-stage accel./decel.

Input
signal

Freq.
setting

Operator keypad Up and Down keys / Value settings

Potentiometer Analog setting via potentiometer on operator keypad

External signal  *8 0 to 10 VDC (input impedance 10k Ohms), 4 to 20 mA (input impedance 100 Ohms), 
Potentiometer (1k to 2k Ohms, 2W)

Serial port RS485 interface

FW/RV 
Run

Operator panel Run key / Stop key (change FW/RV by function command)

External signal FW Run/Stop (NO contact), RV set by terminal assignment (NC/NO),
3-wire input available

Intelligent Input
terminals (assign eight 
functions to terminals)

RV (reverse run/stop), CF1~CF4 (multi-speed select), JG (jogging), DB (external DC 
braking), SET (set 2nd motor data), 2CH (2-stage accel./decel.), FRS (free-run stop), 
EXT (external trip), USP (unattended start protection), CS (commercial power source), 
SFT (software lock), AT (analog input voltage/current select), RS (reset inverter), STA 
(start, 3-wire interface), STP (stop, 3-wire interface), F/R (FW/RV 3-wire interface), 
PID (PID ON/OFF), PIDC (PID reset), CAS (control gain setting), UP (remote control 
Up function, motorized speed pot.), DWN (remote control Down function, motorized 
speed pot.), UDC (remote control data clearing), OPE (Operator control), SF1-SF7 
(Multispeed bits 0-7), OLR (Overload limit change)

Thermistor input One terminal (PTC characteristics)

Output
signal

Intelligent Output terminals
(assign three functions to two 
relay N.O. (1 Form A) 
outputs and one relay N.O.-
N.C. (1 Form C) contact

RUN (run signal), FA1 (Frequency arrival type 1 – constant speed), FA2 (Frequency 
arrival type 2 – over-frequency), OL (overload advance notice signal 1), OD (Output 
deviation for PID control), AL (alarm signal), FA3 (Frequency arrival type 3 – at-
frequency), IP (Instantaneous power failure signal), UV (Under-voltage signal), RNT 
(Run time over), ONT (Power-ON time over), THM (thermal alarm)

Intelligent monitor output 
terminals

Analog voltage monitor, analog current monitor (8-bit resolution), and PWM output, on 
terminals [AM], [AMI], and [FM]

Display monitor Output frequency, output current, motor torque, scaled value of output frequency, trip 
history, I/O terminal condition, input power, output voltage

Other user-settable parameters V/F free-setting (up to 7 points), frequency upper/lower limit, frequency jump, accel/
decel curve selection, manual torque boost value and frequency adjustment, analog 
meter tuning, start frequency, carrier frequency, electronic thermal protection level, 
external frequency output zero/span reference, external frequency input bias start/end, 
analog input selection, retry after trip, restart after instantaneous power failure, overload 
restriction, default value setting (US, Europe, Japan)

Carrier frequency range Models L300P–015xxx to 750xxx: 0.5 to 12 kHz
Models L300P–900Hxx to 1320Hxx: 0.5 to 8 kHz
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Footnotes for the preceding tables:

Note 1: The protection method conforms to JEM 1030.
Note 2: The applicable motor refers to Hitachi standard 3-phase motor (4-pole). When using 

other motors, care must be taken to prevent the rated motor current (50/60 Hz) from 
exceeding the rated output current of the inverter.

Note 3: The output voltage decreases as the main supply voltage decreases (except when 
using the AVR function). In any case, the output voltage cannot exceed the input 
power supply voltage.

Note 4: To operate the motor beyond 50/60 Hz, consult the motor manufacturer for the 
maximum allowable rotation speed.

Note 5: The braking resistor is not installed in the inverter. When your application requires a 
high regenerative torque, use the optional regenerative braking unit and resistor (see 
Chapter 5).

Note 6: The storage temperature refers to the short-term temperature during transport.
Note 7: Conforms to the test method specified in JIS C0911 (1984). For the model types 

excluded in the standard specifications, contact your Hitachi sales representative.
Note 8: When using the inverter in a dust-prone area, we recommend the optional varnish 

coating specification for the inverter.
Note 9: When using a remote operator keypad and cable, be sure to remove the RJ45 modular 

interconnect from the inverter’s keypad port before connecting the cable.
Note 10: When using the inverter from 40° to 50°C ambient, the output current of the inverter 

must be derated (see the next section on derating curves).
Note 11: NEMA 1 applies to inverter models up to 30kW (–300xxx). An optional wire-entry 

conduit box is required for inverter models 37kW to 75kW (–370 to –750xxx) to 
meet the NEMA 1 rating.

Protective functions Over-current, overload, braking resistor overload, over-voltage, EEPROM error, under-
voltage error, CT (current transformer) error, CPU error, external trip, USP error, 
ground fault, input over-voltage, instantaneous power failure, inverter thermal trip, 
phase failure detection, IGBT error, thermistor error, expansion card 1 error, expansion 
card 2 error, under-voltage waiting error

Environ-
ment

Temperature *10 Operating (ambient): -10 to 40°C / Storage: -20 to 65°C

Humidity 20 to 90% humidity (non-condensing)

Vibration  *7 Models L300P–110xxx to 300xxx:  5.9 m/s2 (0.6G), 10 to 55 Hz

Models L300P–370xx to 1320xxx: 2.94 m/s2 (0.3G), 10 to 55 Hz

Location *8 Altitude 1,000 m or less, indoors (no corrosive gasses or dust)

Coating color Models L300P–110xxx to 750xxx: Blue (D.I C14 version No. 436)
Models L300P–900xx to 1320xxx: Gray (MUNSELL 8.5YR6.2/0.2)

Accessories Digital input PCB SJ-DG (4-digit BCD / 16-bit binary)

Others EMI filters, input/output reactors, DC reactors, radio noise filters, braking resistors, 
braking units, LCR filter, communication cables, factory I/O network interface cards

Operator input devices *9 OPE–SRE (4-digit LED with potentiometer) / OPE–S (4-digit LED w/o potentiometer), 
Optional: OPE-SR (4-digit LED with potentiometer, Japanese/English overlay),
SRW–0EX Multilingual operator with copy function (English, French, German, Italian, 
Spanish, and Portuguese)

Item General Specifications
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Derating Curves The maximum available inverter current output is limited by the carrier frequency and ambient 
temperature. The carrier frequency is the inverter’s internal power switching frequency, settable 
from 0.5 kHz to 12 kHz, or 0.5 kHz to 8 kHz for higher horsepower models. Choosing a higher 
carrier frequency tends to decrease audible noise, but it also increases the internal heating of the 
inverter, thus decreasing (derating) the maximum current output capability. Ambient tempera-
ture is the temperature just outside the inverter housing—such as inside the control cabinet 
where the inverter is mounted. A higher ambient temperature decreases (derates) the inverter’s 
maximum current output capacity.

Use the following derating curves to help determine the optimal carrier frequency setting for 
your inverter, and to find the output current derating. Be sure to use the proper curve for your 
particular L300P inverter model number.
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Legend: Output current at 40 °C ambient

Output current at 50 °C ambient

220L

220L

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 191 of 2133



L300P Inverter Specifications

G
et

in
g 

S
ta

rt
ed

1–12

Derating curves, continued...

L300P 30 to 37 kW 200V class

2 4 6 8 10 120.5

65%

70%

75%

80%

85%

90%

95%

100%

Carrier Frequency (kHz)

%
 o

f 
D

ri
ve

’s
 R

at
ed

 A
m

p
s

60%

55%

370L

300L

370L
300L

L300P 45 to 75 kW 200V class
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Derating curves, continued...
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L300P 30 to 37 kW 400V class
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Derating curves, continued...
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Introduction to Variable-Frequency Drives
The Purpose of 
Motor Speed 
Control for 
Industry

Hitachi inverters provide accurate speed control for 3-phase AC induction motors. You connect 
AC power to the inverter, and connect the inverter to the motor. Many applications can benefit 
from the use of variable-speed drives in several ways:

• Energy savings - HVAC

• Need to coordinate speed with an adjacent process - textiles and printing presses

• Need to control acceleration and deceleration (torque)

• Sensitive loads - elevators, food processing, pharmaceuticals

What is an 
Inverter?

The term inverter and variable-frequency drive are related and somewhat interchangeable. An 
electronic drive for an AC motor controls the motor’s speed by varying the frequency of the 
power sent to the motor.

An inverter, in general, is a device that converts DC power to AC power. The figure below 
shows how the variable-frequency drive employs an internal inverter. The drive first converts 
incoming AC power to DC through a rectifier bridge, creating an internal DC bus voltage. Then 
the inverter circuit converts the DC back to AC again to power the motor. The special inverter 
can vary its output frequency and voltage according to the desired motor speed.

The simplified drawing of the inverter shows three double-throw switches. In Hitachi inverters, 
the switches are actually IGBTs (isolated gate bipolar transistors). Using a commutation 
algorithm, the microprocessor in the drive switches the IGBTs ON and OFF at a very high 
speed to create the desired output waveforms. The inductance of the motor windings helps 
smooth out the pulses.

Torque and 
Constant Volts/
Hertz Operation

In the past, AC variable speed drives used an 
open loop (scalar) technique to control speed. 
The constant-volts-per-hertz operation 
maintains a constant ratio between the applied 
voltage and the applied frequency. With these 
conditions, AC induction motors inherently 
delivered constant torque across the operating 
speed range. For some applications, this scalar 
technique was adequate.

Today, with the advent of sophisticated micro-
processors and digital signal processors 
(DSPs), it is possible to control the speed and 
torque of AC induction motors with unprece-
dented accuracy. The L300P utilizes these devices to perform complex mathematical calcula-
tions required to achieve superior performance. You can choose various torque curves to fit the 
needs of your application. Constant torque applies the same torque level across the frequency 
(speed) range. Variable torque, also called reduced torque, lowers the torque delivered at mid-

Power 
Input

Inverter
L1/R

Motor

L2/S

L3/T

Rectifier

Variable-frequency Drive

Internal DC Bus

+

+

–

U/T1

V/T2

W/T3

Converter

Output frequency

Output 
voltage

100%

V

0
100%

f

Constant torque
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level frequencies. A torque boost setting will add additional torque in the lower half of the 
frequency range for the constant and variable torque curves. With the free-setting torque curve 
feature, you can specify a series of data points that will define a custom torque curve to fit your 
application.

Inverter Input and 
Three-Phase 
Power

The Hitachi L300P Series of inverters includes two sub-groups: the 200V class and the 400V 
class inverters. The drives described in this manual may be used in either the United States or 
Europe, although the exact voltage level for commercial power may be slightly different from 
country to country. Accordingly, a 200V class inverter requires (nominal) 200 to 240VAC, and 
a 400V class inverter requires from 380 to 480VAC. All L300P inverters require three-phase 
input power, whether 200V or 400V class.

TIP: If your application only has single phase power available, refer to the Hitachi L100 Series 
inverters. L100 inverters of 3HP or less can accept single phase input power.

The common terminology for single phase power is Line (L) and Neutral (N). Three-phase 
power connections are usually labeled Line 1 (L1), Line 2 (L2) and Line 3 (L3). In any case, 
the power source should include a ground connection. That ground connection will need to 
connect to the inverter chassis and to the motor frame (see “Wire the Inverter Output to Motor” 
on page 2–20).

Inverter Output to 
the Motor

The AC motor must be connected only to the inverter’s 
output terminals. The output terminals are uniquely 
labeled (to differentiate them from the input terminals) 
with the designations U/T1, V/T2, and W/T3. This 
corresponds to typical motor lead connection designa-
tions T1, T2, and T3. It is often not necessary to connect 
a particular inverter output to a particular motor lead for 
a new application. The consequence of swapping any 
two of the three connections is the reversal of the motor 
direction. In applications where reversed rotation could 
cause equipment damage or personnel injury, be sure to 
verify direction of rotation before attempting full-speed 
operation. For safety to personnel, you must connect the 
motor chassis ground to the ground connection at the 
bottom of the inverter housing.

Notice the three connections to the motor do not include one marked “Neutral” or “Return.” 
The motor represents a balanced “Y” impedance to the inverter, so there is no need for a 
separate return. In other words, each of the three “Hot” connections serves also as a return for 
the other connections, because of their phase relationship.

The Hitachi inverter is a rugged and reliable device. The intention is for the inverter to assume 
the role of controlling power to the motor during all normal operations. Therefore, this manual 
instructs you not to switch OFF power to the inverter while the motor is running (unless it is an 
emergency stop). Also, do not install or use disconnect switches in the wiring from the inverter 
to the motor (except thermal disconnect). Of course, safety-related devices such as fuses must 
be in the design to break power during a malfunction, as required by NEC and local codes.

3-Phase 
AC Motor

U/T1 V/T2

W/T3

Earth
GND
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Intelligent 
Functions and 
Parameters

Much of this manual is devoted to describing 
how to use inverter functions and how to config-
ure inverter parameters. The inverter is micro-
processor-controlled, and has many independent 
functions. The microprocessor has an on-board 
EEPROM for parameter storage. The inverter’s 
front panel keypad provides access to all 
functions and parameters, which you can access 
through other devices as well. The general name 
for all these devices is the digital operator, or 
digital operator panel. Chapter 2 will show you 
how to get a motor running, using a minimal set 
of function commands or configuring parame-
ters.

The optional read/write programmer will let you 
read and write inverter EEPROM contents from 
the programmer. This feature is particularly 
useful for OEMs who need to duplicate a partic-
ular inverter’s settings in many other inverters in 
assembly-line fashion.

Braking In general, braking is a force that attempts to slow or stop motor rotation. So it is associated 
with motor deceleration, but may also occur even when the load attempts to drive the motor 
faster than the desired speed (overhauling). If you need the motor and load to decelerate 
quicker than their natural deceleration during coasting, we recommend installing a braking 
resistor. The dynamic braking unit (built into certain L300P models) sends excess motor energy 
into a resistor to slow the motor and load (see “Introduction” on page 5–2 and “Dynamic 
Braking” on page 5–6 for more information). For loads that continuously overhaul the motor 
for extended periods of time, the L300P may not be suitable (contact your Hitachi distributor).

The inverter parameters include acceleration and deceleration, which you can set to match the 
needs of the application. For a particular inverter, motor, and load, there will be a range of 
practically achievable accelerations and decelerations.

Velocity Profiles The L300P inverter is capable of sophisti-
cated speed control. A graphical representa-
tion of that capability will help you 
understand and configure the associated 
parameters. This manual makes use of the 
velocity profile graph used in industry 
(shown at right). In the example, the acceler-
ation is a ramp to a set speed, and the decel-
eration is a decline to a stop.

Fixed speed

Accel Decel

t

Speed

Velocity Profile
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Acceleration and deceleration settings 
specify the time required to go from a stop to 
maximum frequency (or visa versa). The 
resulting slope (speed change divided by 
time) is the acceleration or deceleration. An 
increase in output frequency uses the accel-
eration slope, while a decrease uses the 
deceleration slope. The accel or decel time a 
particular speed change depends on the 
starting and ending frequencies. However, 
the slope is constant, corresponding to the 
full-scale accel or decel time setting.

For example, the full-scale acceleration 
setting (time) may be 10 seconds—the time 
required to go from 0 to 60 Hz.

The L300P inverter can store up to 16 preset 
speeds. And, it can apply separate accelera-
tion and deceleration transitions from any 
preset to any other preset speed. A multi-
speed profile (shown at right) uses two or 
more preset speeds, which you can select via 
intelligent input terminals. This external 
control can apply any preset speed at any 
time. Alternatively, the selected speed is 
infinitely variable across the speed range. 
You can use the potentiometer control on the 
keypad for manual control. The drive 
accepts analog 0-10V signals and 4-20 mA 
control signals as well.

The inverter can drive the motor in either 
direction. Separate FW and RV commands 
select the direction of rotation. The motion 
profile example shows a forward motion 
followed by a reverse motion of shorter 
duration. The speed presets and analog 
signals control the magnitude of the speed, 
while the FW and RV commands determine 
the direction before the motion starts.

NOTE: The L300P can move loads in both directions. However, it is not designed for use in 
servo-type applications that use a bipolar velocity signal that determines direction.

Speed Maximum speed

0

Acceleration t

Acceleration (time) setting

Speed

Speed 1

Speed 2

t

Multi-speed Profile

Speed Forward move

Reverse move

t

Bi-directional Profile
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Frequently Asked Questions
Q. What is the main advantage in using an inverter to drive a motor, compared to alternative 

solutions?

A. An inverter can vary the motor speed with very little energy loss, unlike mechanical 
or hydraulic speed control solutions. The resulting energy savings can often pay for 
the inverter in a relatively short time.

Q. The term “inverter” is a little confusing, since we also use “drive” and “amplifier” to 
describe the electronic unit that controls a motor. What does “inverter” mean?

A. The terms are used somewhat interchangeably in industry. Nowadays, the terms 
drive, variable-frequency drive, variable-speed drive, and inverter are generally used 
to describe electronic, microprocessor-based motor speed controllers. In the past, 
variable speed drive also referred to various mechanical means to vary speed. Ampli-
fier is a term almost exclusively used to describe drives for servo or stepper motors.

Q. Although the L300P inverter is a variable speed drive, can I use it in a fixed-speed
application?

A. Yes, sometimes an inverter can be used simply as a “soft-start” device, providing 
controlled acceleration and deceleration to a fixed speed. Other functions of the 
L300P may be useful in such applications, as well. However, using a variable speed 
drive can benefit many types of industrial and commercial motor applications, by 
providing controlled acceleration and deceleration, high torque at low speeds, and 
energy savings over alternative solutions.

Q. Does the optional digital operator interface or the PC software (DOP Professional) 
provide features beyond what is available from the keypad on the unit?

A. Yes. However, note first that the same set of parameters and functions are equally 
accessible from either the unit’s keypad or from remote devices. The DOP Profes-
sional PC software lets you save or load inverter configurations to or from a disk file. 
And, the hand-held digital operator provides hard-wired terminals, a safety require-
ment for some installations.

Q. Why does the manual or other documentation use terminology such as “200V class” 
instead of naming the actual voltage, such as “230 VAC?”

A. A specific inverter model is set at the factory to work across a voltage range particular 
to the destination country for that model. The model specifications are on the label on 
the side of the inverter. A European 200V class inverter (“EU” marking) has different 
parameter settings than a USA 200V class inverter (“US” marking). The initialization 
procedure (see “Restoring Factory Default Settings” on page 6–9) can set up the 
inverter for European or US commercial voltage ranges.

Q. Why doesn’t the motor have a neutral connection as a return to the inverter?

A. The motor theoretically represents a “balanced Y” load if all three stator windings 
have the same impedance. The Y connection allows each of the three wires to alter-
nately serve as input or return on alternate half-cycles.

Q. Does the motor need a chassis ground connection?

A. Yes, for several reasons. Most importantly, this provides protection in the event of a 
short in the motor that puts a hazardous voltage on its housing. Secondly, motors 
exhibit leakage currents that increase with aging. Lastly, a grounded chassis generally 
emits less electrical noise than an ungrounded one.
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Q. What type of motor is compatible with the Hitachi inverters?

A. Motor type – It must be a three phase AC induction motor. Use an inverter-grade 
motor that has 800V insulation for 200V class inverters, or 1600V insulation for 
400V class.
Motor size – In practice, it’s better to find the right size motor for your application; 
then look for the inverter to match the motor.

NOTE: There may be other factors that will affect motor selection, including heat dissipation, 
motor operating speed profile, enclosure type, and cooling method.

Q. How many poles should the motor have?

A. Hitachi inverters can be configured to operate motors with 2, 4, 6, or 8 poles. The 
greater the number of poles, the slower the top motor speed will be, but it will have 
higher torque at the base speed.

Q. Will I be able to add dynamic (resistive) braking to my Hitachi L300P drive after the 
initial installation?

A. Yes. Models L300P-110xxx and L300P-150xxx have built-in dynamic braking units. 
You can add an external resistor to these models to improve braking performance. 
Models L300P-185xxx through L300P-1320xxx require you to add an external 
braking unit. The braking resistor connects to the external braking unit for those 
models. More information on dynamic braking is located in Chapter 5.

Q. How will I know if my application will require resistive braking?

A. For new applications, it may be difficult to tell before you actually test a motor/drive 
solution. In general, some applications can rely on system losses such as friction to 
serve as the decelerating force, or otherwise can tolerate a long decel time. These 
applications will not need dynamic braking. However, applications with a combina-
tion of a high-inertia load and a required short decel time will need dynamic braking. 
This is a physics question that may be answered either empirically or through exten-
sive calculations.

Q. Several options related to electrical noise suppression are available for the Hitachi invert-
ers. How can I know if my application will require any of these options?

A. The purpose of these noise filters is to reduce the inverter electrical noise so the 
operation of nearby electrical devices is not affected. Some applications are governed 
by particular regulatory agencies, and noise suppression is mandatory. In those cases, 
the inverter must have the corresponding noise filter installed. Other applications may 
not need noise suppression, unless you notice electrical interference with the opera-
tion of other devices.

Q. The L300P features a PID loop feature. PID loops are usually associated with chemical 
processes, heating, or process industries in general. How could the PID loop feature be 
useful in my application?

A. You will need to determine the particular main variable in your application the motor 
affects. That is the process variable (PV) for the motor. Over time, a faster motor 
speed will cause a faster change in the PV than a slow motor speed will. By using the 
PID loop feature, the inverter commands the motor to run at the optimal speed 
required to maintain the PV at the desired value for current conditions. Using the PID 
loop feature will require an additional sensor and other wiring, and is considered an 
advanced application.
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Orientation to Inverter Features
Unpacking and 
Inspection

Please take a few moments to unpack your new L300P inverter and perform these steps:

1. Look for any damage that may have occurred during shipping.

2. Verify the contents of the box include:

a. One L300P inverter

b. One Instruction Manual (supplied by printed book for –FU2/–FR models, supplied on 
CR-ROM for –FE2 models)

c. One L300P Quick Reference Guide

d. One packet of desiccant—discard (not for human consumption)

3. Inspect the specifications label on the front or side of the inverter. Make sure it matches the 
product part number you ordered.

Main Physical 
Features

The L300P Series inverters vary in size according to the current output rating and motor size 
for each model number. All feature the same basic keypad and connector interface for consis-
tent ease of use. The inverter construction has a heat sink at the back of the housing. The fans 
enhance heat sink performance. Mounting holes are pre-drilled in the heat sink for your conve-
nience. Never touch the heat sink during or just after operation; it can be very hot.

The electronics housing and front panel are built onto the front of the heat sink. The front panel 
has three levels of physical access designed for convenience and safety:

• First-level access – for basic use of inverter and editing parameters during powered opera-
tion (power is ON)

• Second-level access – for wiring the inverter power supply or motor (power is OFF)

• Third-level access – for accessing the expansion bay for adding/removing expansion boards 
(power is OFF)

1. First-level Access - View the unit just as it 
came from the box as shown. The
OPE-SRE or OPE-SR digital operator 
keypad comes installed in the inverter. The 
four-digit display can show a variety of 
performance parameters. LEDs indicate 
whether the display units are Hertz, Volts, 
Amperes, or kW. Other LEDs indicate 
Power (external), and Run/Stop Mode and 
Program/Monitor Mode status. Membrane 
keys Run and Stop/Reset, and a Min/Max 
frequency control knob control motor 
operation. These controls and indicators 
are usually the only ones needed after the 
inverter installation is complete.

The FUNC., , , and STR keys 
allow an operator to change the inverter’s 
functions and parameter values, or to select 
the one monitored on the 4-digit display. 
Note that some parameters may not be 
edited if the inverter is in Run mode.

1 2
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2. Second-level access - First, ensure no 
power source of any kind is connected to 
the inverter. If power has been 
connected, wait five minutes after 
powerdown and verify the Charge Lamp 
indicator is OFF to proceed. Then locate 
the recessed retention screw at the 
bottom of the main front panel. Use a 
small Phillips screwdriver to remove the 
screw. Press the two latch release areas 
near the “L300P” label as shown, and 
simultaneously slide the lower front 
downward to release for removal.

Notice the large power terminals  at the bottom of the wiring area. The rubber grommets 
below the power terminals are for wire entry/exit to the power source and motor. Never 
operate the inverter with the front panel removed.

The control terminals connect logic or analog signals for control and monitoring of the 
inverter. The nearby alarm relay provides both normally-open and normally-closed logic for 
interface to an external alarm. The alarm circuit may carry hazardous live voltages even 
when the main power to the inverter is OFF. So, never directly touch any terminal or circuit 
component.

WARNING: Be sure to wait five minutes after powerdown and verify the charge lamp indica-
tor is OFF to proceed. Otherwise there is the risk of electric shock.

Press here and slide cover downward 

Retention screw

Wire entry/exit plate

Logic Connector

Power terminals

Charge lamp indicator
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3. Third-level access - The L300P 
provides for field installation of 
interface circuits. These circuits are 
on expansion cards, to be installed in 
the expansion bay. To access the 
expansion bay, you will need to 
remove the upper front panel. Use 
the latch to release the digital 
operator (the panel filler plate may 
remain). Remove the two retention 
screws the bottom corners of the 
upper front panel. Lift up at the 
bottom, then disengage the two 
hinge latches at the top.

The expansion bay has two sites for 
adding expansion cards. Each card 
connects via the interface connector, 
and mounts using three standoff 
screw locations. Further details on 
accessories are in Chapter 5. You 
may also refer to the instruction 
manual that comes with each type of 
expansion card.

The following sections will describe the system design and guide you through a step-by-step 
installation process. After the section on wiring, this chapter will show how to use the front 
panel keys to access functions and edit parameters.

Latch to release digital operator

Retention screws

Expansion bay Expansion connectors
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Basic System Description
A motor control system will obviously include a motor and inverter, as well as a breaker or 
fuses for safety. If you are connecting a motor to the inverter on a test bench just to get started, 
that’s all you may need for now. But a system can also have a variety of additional components. 
Some can be for noise suppression, while others may enhance the inverter’s braking perfor-
mance. The figure and table below show a system with all the optional components you may 
need in your finished application.

NOTE: Some components are required for regulatory agency compliance (see Chapter 5 and 
Appendix D).

Thermal switch

Breaker, 
MCCB or 

GFI

Name Function

Breaker / discon-
nect

A molded-case circuit breaker (MCCB), ground 
fault interrupter breaker (GFI), or a fused 
disconnect device. NOTE: The installer must 
refer to the NEC and local codes to ensure safety 
and compliance.

Input side
AC Reactor

This is useful in suppressing harmonics induced 
on the power supply lines, or when the main 
power voltage imbalance exceeds 3% (and 
power source capacity is more than 500 kVA), or 
to smooth out line fluctuations. It also improves 
the power factor.

Radio noise filter Electrical noise interference may occur on 
nearby equipment such as a radio receiver. This 
magnetic choke filter helps reduce radiated noise 
(can also be used on output).

EMI filter (for CE 
applications, see 
Appendix D)

This filter reduces the conducted noise in the 
power supply wiring between the inverter and 
the power distribution system. Connect it to the 
inverter primary (input side).

Radio noise filter 
(use in non-CE 
applications)

This capacitive filter reduces radiated noise from 
the main power wires in the inverter input side.

DC link choke The choke suppresses harmonics generated by 
the inverter. However, it will not protect the 
input diode bridge rectifier.

Braking resistor Braking components are useful for increasing 
the inverter’s control torque for high duty-cycle 
(ON-OFF) applications, and improving the 
decelerating capability.

Braking unit

Radio noise filter Electrical noise interference may occur on 
nearby equipment such as a radio receiver. This 
magnetic choke filter helps reduce radiated noise 
(can also be used at input).

Output side
AC reactor

This reactor reduces the vibrations in the motor 
caused by the inverter’s switching waveform, by 
smoothing the waveform to approximate 
commercial power quality. It is also useful to 
reduce harmonics when wiring from the inverter 
to the motor is more than 10m in length. 

LCR filter Sine wave shaping filter for output side.

Power source

Inverter

Motor

L1 L2 L3

T1 T2 T3

R S T

GND

U V W

RBR0

T0

PD(+1)

P(+)

N(–)
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Step-by-Step Basic Installation
This section will guide you through the following basic steps of installation:

1. Study the warnings associated with mounting the inverter.

2. Select a suitable mounting location.

NOTE: If the installation is in an EU country, study the EMC installation guidelines in 
Appendix D.

3. Cover the inverter’s top ventilation openings to prevent debris from falling inside.

4. Check the inverter mounting dimensions for footprint and mounting hole locations.

5. Study the caution and warning messages associated with wiring the inverter.

6. Connect wiring for the inverter power input.

7. Connect wiring to the motor.

8. Uncover the inverter’s ventilation openings that were covered in Step 3.

9. Perform a powerup test.

10.  Make observations and check your installation.

Step 1: Study the following caution messages associated with mounting the inverter. This is the 
time when mistakes are most likely to occur that will result in expensive rework,  equipment 
damage,  or personal injury.

CAUTION: Be sure to install the unit on flame-resistant material such as a steel plate. Other-
wise, there is the danger of fire.

CAUTION: Be sure not to place any flammable materials near the inverter. Otherwise, there is 
the danger of fire.

CAUTION:  Be sure not to let the foreign matter enter vent openings in the inverter housing, 
such as wire clippings, spatter from welding, metal shavings, dust, etc. Otherwise, there is the 
danger of fire.

CAUTION:  Be sure to install the inverter in a place that can bear the weight according to the 
specifications in the text (Chapter 1, Specifications Tables). Otherwise, it may fall and cause 
injury to personnel.

CAUTION:  Be sure to install the unit on a perpendicular wall that is not subject to vibration. 
Otherwise, it may fall and cause injury to personnel.

CAUTION: Be sure not to install or operate an inverter that is damaged or has missing parts. 
Otherwise, it may cause injury to personnel.

CAUTION: Be sure to install the inverter in a well-ventilated room that does not have direct 
exposure to sunlight, a tendency for high temperature, high humidity or dew condensation, high 
levels of dust, corrosive gas, explosive gas, inflammable gas, grinding-fluid mist, salt air, etc. 
Otherwise, there is the danger of fire.

1

Choosing a 
Mounting 
Location
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Step 2: To summarize the caution messages—you will need to find a solid, non-flammable, 
vertical surface that is in a relatively clean and dry environment. In order to ensure enough 
room for air circulation around the inverter to aid in cooling, maintain the specified clearance 
around the inverter specified in the diagram.

CAUTION: Be sure to maintain the specified clearance area around the inverter and to provide 
adequate ventilation. Otherwise, the inverter may overheat and cause equipment damage or fire.

Step 3: Before proceeding to the wiring section, it’s a 
good time to temporarily cover the inverter’s ventila-
tion openings. Paper and masking tape are all that is 
needed. This will prevent harmful debris such as wire 
clippings and metal shavings from entering the 
inverter during installation.

Please observe this checklist while mounting the 
inverter:

1. The ambient temperature must be in the range of
-10 to 40°C. If the range will be up to 50°C 
(maximum rating), you will need to refer to 
“Derating Curves” on page 1–11.

2. Keep any other heat-producing equipment as far 
away from the inverter as possible.

3. When installing the inverter in an enclosure, 
maintain the clearance around the inverter and 
verify that its ambient temperature is within speci-
fication when the enclosure door is closed.

4. Do not open the main front panel door at any time 
during operation.

2

Ensure Adequate 
Ventilation

L300P

5 cm (1.97”)
 minimum

10 cm (3.94”) 
minimum

5 cm (1.97”)
 minimum

10 cm (3.94”) 
minimum Exhaust

Air intake

Clear area

3

Keep Debris Out 
of Inverter Vents

Cover the ventilation slots,
both sides

Cover the fan outlet vents
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Step 4: Locate the applicable drawing on the following pages for your inverter.
Dimensions are given in millimeters (inches) format. The optional NEMA 1 wire entry conduit 
box is shown for inverter models 37kW to 75kW (–370 to –550LFU2 / –370 to –750 HFU2,
U.S. models only).

4

Check Inverter 
Dimensions
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NOTE: Be sure to use lock washers or other means to ensure screws do not loosen
due to vibration.
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Dimensional drawings, continued...
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Dimensional drawings, continued... 
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Dimensional drawings, continued...
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Step 5: The wiring enters the inverter through 
the entry/exit plate as shown to the right. The 
rubber grommets have a solid, thin membrane, 
so that unused ones continue to seal the opening. 
To create an opening, use a sharp knife and 
carefully cut an “X” in the center of the 
grommet as shown. Be especially careful to 
avoid cutting into the thick outer ring, so that the 
wiring will have a cushion from contacting the 
metal plate.

NOTE: Some inverter models will have a 
wiring box for NEMA rating compliance. Make 
sure the wire entry to the NEMA box also has 
protective cushion from chaffing of insulation.

 Before proceeding, please study the caution and warning messages below.

WARNING:  “Use 60/75°C Cu wire only” or equivalent.

WARNING: “Open Type Equipment.”

WARNING: “A Class 2 circuit wired with Class 1 wire” or equivalent.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 240 V maximum.” For models with suffix L.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 480 V maximum.” For models with suffix H.

HIGH VOLTAGE: Be sure to ground the unit. Otherwise, there is a danger of electric shock 
and/or fire.

HIGH VOLTAGE: Wiring work shall be carried out only by qualified personnel. Otherwise, 
there is a danger of electric shock and/or fire.

HIGH VOLTAGE: Implement wiring after checking that the power supply is OFF. Otherwise, 
you may incur electric shock and/or fire.

HIGH VOLTAGE: Do not connect wiring to an inverter or operate an inverter that is not 
mounted according the instructions given in this manual. Otherwise, there is a danger of elec-
tric shock and/or injury to personnel.

5

Prepare for 
Wiring

Cut grommet(s) for 
use as shown
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Determining Wire 
and Fuse Sizes

This section includes tables for 200V class and 400V class inverters (on the next page). The 
following notes will help you read the tables in this section:

• Locate the row corresponding to the motor size and particular inverter in your application. 
The maximum motor current determines the recommended wire sizes.

• The length column specifies that some inverters can optionally use a smaller wire gauge if 
the wires are shorter than 10m and the inverter is located in an enclosure.

• Power Lines columns include wires connecting to terminals [R, S, T, U, V, W, P, PD, and N]. 
Only power input and motor leads will be fused: [R, S, T, U, V, and W]. The breaker ratings 
(GFI—ground fault interrupter) are slightly higher than fuse ratings to allow for nominal 
surges without tripping.

• The chassis ground columns list the Hitachi-recommended AWG and the minimal AWG for 
UL conformity.

• The optional external braking resistor wiring only applies to a few models that have a built-
in braking unit. The other models use an optional external braking unit.

• Parallel wires increase effective wire gauge, and are denoted by “||” in the tables.

• Signal Lines, not listed in these tables, connect to the removable logic connector. The recom-
mended wire gauge for all wiring to the logic connector is 28 AWG (0.75 mm2). Be sure to 
use shielded wire for any analog signals.

Motor 
Output

200V
Inverter
Models,
L300P

Wiring *1

Power Lines *3 Chassis Ground Brake Res.

HP kW
Length

*4
AWG

*3
mm2

*3

Fuse
(UL-
rated, 
class J,
600V)

Breaker
( GFI 

type) *2

AWG, 
rec.

AWG, 
UL mm2 AWG mm2

2 1.5 –015LFU2 — 14 2 10A 15A 16 14 1.25 14 2

3 2.2 –022LFU2 — 14 2 15A 20A 16 14 1.25 14 2

5 3.7 –037LFU2 — 10 3.5 20A 30A 10 12 3.5 10 3.5

7.5 5.5 –055LFU2 — 8 5.5 30A 50A 8 10 5.5 8 5.5

10 7.5 –075LFU2 — 6 8 40A 60A 8 10 8 8 5.5

15 11 –110LFU2 — 4 14 60A 75A 4 10 14 8 5.5

20 15 –150LFU2 ≥10m 2 22 70A 100A 3 8 22 8 5.5

< 10m 4
(110°C)

14
(110°C)

25 18.5 –185LFU2 — 4 || 4 14 || 2 90A 100A 3 8 22 — —

30 22 –220LFU2 — 1/0 38 100A 150A 2 8 30 — —

40 30 –300LFU2 ≥10m 2 || 2 22 || 22 150A 200A 2 6 30 — —

< 10m 2
(110°C)

30
(110°C)

50 37 –370LFU2 ≥10m 1 || 1 30 || 30 175A 225A 1/0 6 50 — —

<10m 1
(110°C)

38
(110°C)

60 45 –450LFU2 — 1 || 1
(75°C)

38 || 38 200A 225A 3/0 6 80 — —

75 55 –550LFU2 ≥10m 2/0 || 2/0 60 || 60 250A 350A 3/0 4 80 — —

< 10m 3/0
(110°C)

80
(110°C)
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The following table lists wire and fuse sizes for 400V models. 

Note 1: Field wiring must be made by a UL-listed and CSA certified ring lug terminal 
connector sized for the wire gauge involved. The connector must be fixed by using 
the crimping tool specified by the connector manufacturer.

Note 2: Be sure to consider the capacity of the circuit breaker to be used.
Note 3: Be sure to use a larger wire gauge if power line length exceeds 66 ft (20m).
Note 4: The optional smaller gauge wires for shorter lengths must be rated for 110°C.
Note 5: 1 AWG wiring must be rated for 75°C where noted.

100 75 –750LFU2 ≥10m 3/0 || 3/0 80 || 80 300A 350A 3/0 4 80 — —

< 10m 250
kcmil

(110°C)

125
(110°C)

Motor 
Output

200V
Inverter
Models,
L300P

Wiring *1

Power Lines *3 Chassis Ground Brake Res.

HP kW
Length

*4
AWG

*3
mm2

*3

Fuse
(UL-
rated, 
class J,
600V)

Breaker
( GFI 

type) *2

AWG, 
rec.

AWG, 
UL mm2 AWG mm2

Motor 
Output

400V
Inverter 
Models,
L300P

Wiring *1

Power Lines *3 Chassis Ground Brake Res.

HP kW
AWG
*1, *3

mm2

*3

Fuse
(UL-
rated, 
class J,
600V)

Breaker
( GFI 

type) *2

AWG, 
rec.

AWG, 
UL mm2 AWG mm2

2 1.5 –015HFU2, HFE2 18 2 10A 10A 16 14 1.25 18 2

3 2.2 –022HFU2, HFE2 16 2 10A 10A 16 14 1.25 16 2

5 4.0 –040HFU2, HFE2 14 2 15A 15A 16 14 1.25 14 2

7.5 5.5 –050HFU2, HFE2 12 2 15A 30A 14 14 2 12 2

10 7.5 –075HFU2, HFE2 10 3.5 20A 30A 10 12 3.5 10 3.5

15 11 –110HFU2, HFE2 8 5.5 30A 50A 8 10 5.5 8 5.5

20 15 –150HFU2, HFE2 6 8 35A 60A 8 10 8 8 5.5

25 18.5 –185HFU2, HFE2 6 14 50A 60A 4 10 14 — —

30 22 –220HFU2, HFE2 4 14 50A 75A 4 10 14 — —

40 30 –300HFU2, HFE2 3 22 70A 100A 3 10 22 — —

50 37 –370HFU2, HFE2 4 || 4 14 || 14 80A 100A 3 8 22 — —

60 45 –450HFU2, HFE2 1 38 100A 150A 1 8 22 — —

75 55 –550HFU2, HFE2 2 || 2 22 || 22 125A 175A 1 6 30 — —

100 75 –750HFU2, HFE2 1 || 1 30 || 30 150A 225A 1/0 6 50 — —

125 90 –900HFU2, HFE2 1 || 1
(75°C)

30 || 30 200A 225A 3/0 6 50 — —

150 110 –1100HFU2, HFE2 2/0 || 2/0 50 || 50 250A 350A 3/0 4 80 — —

175 132 –1320HFU2, HFE2 2/0 || 2/0 60 || 60 300A 350A 4/0 4 100 — —

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 215 of 2133



Step-by-Step Basic Installation

In
ve

rt
er

 M
ou

nt
in

g
an

d 
In

st
al

la
tio

n
2–16

Terminal
Dimensions and 
Torque Specs

The following tables list the screw size of terminal and recommended torque for tightening for 
each of the L300P inverter models (400V models are on the next page).

CAUTION: Fasten the screws with the specified fastening torque in the table below. Check for 
any loosening of screws. Otherwise, there is the danger of fire.

Note 1: The recommended ring lug connector listing consists of wire size – screw size 
format. The wire sizes are in AWG or mm2 format. For AWG wire sizes, bolt sizes 
for the ring lug centers are: #10, #12, 1/4”, 5/16”, and 1/2”. For metric wire sizes, bolt 
sizes for the ring lug centers are: 6 = 6M, 8 = 8M, 10 = 10M

TIP: AWG = American Wire Gauge. Smaller numbers represent increasing wire thickness.
kcmil = 1,000 circular mils, a measure of wire cross-sectional area
mm2 = square millimeters, a measure of wire cross-sectional area

Input 
Voltage

Motor 
Output

200V
Inverter
Models,
L300P

Length 
of 

power 
wiring

Screw size 
of terminal

Ring Lug Connector *1 Torque

HP kW (AWG–bolt) (mm2–bolt) ft-lbs N-m

200V

2 1.5 –015LFU2 — M4 14–#10 2–4 1.1 1.5

3 2.2 –022LFU2 — M4 14–#10 2–4 1.1 1.5

5 3.7 –037LFU2 — M4 10–#10 3.5–4 1.1 1.5

7.5 5.5 –055LFU2 — M5 8–#12 5.5–5 1.8 2.5

10 7.5 –075LFU2 — M5 8–#12 8–5 1.8 2.5

15 11 -110LFU2 — M6 4–1/4 14–6 3.6 4.9

20 15 -150LFU2 ≥10m M6 2–1/4 22–6 3.6 4.9

< 10m 4–1/4 14–6

25 18.5 -185LFU2 — M6 4–1/4 14–6 3.6 4.9

30 22 -220LFU2 — M8 1–5/16 38–8 6.5 8.8

40 30 -300LFU2 ≥10m M8 2–5/16 22–8 6.5 8.8

< 10m 2–5/16 30–8

50 37 -370LFU2 ≥10m M8 2–5/16 30–8 6.5 8.8

< 10m 1–5/16 38–8

60 45 -450LFU2 — M10 1–1/2 38–10 10.1 13.7

75 55 -550LFU2 ≥10m M10 2/0–1/2 60–10 10.1 13.7

< 10m 3/0–1/2 80–10

100 75 -750LFU2 ≥10m M10 3/0–1/2 80–10 10.1 13.7

< 10m 250kcmil–1/2 125–10
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Terminal dimensions and torque specs, continued...

Note 1: The recommended ring lug connector listing consists of wire size – screw size 
format. The wire sizes are in AWG or mm2 format. For AWG wire sizes, bolt sizes 
for the ring lug centers are: #10, #12, 1/4”, 5/16”, and 1/2”. For metric wire sizes, bolt 
sizes for the ring lug centers are: 6 = 6M, 8 = 8M, 10 = 10M.

Input 
Voltage

Motor 
Output

400V
Inverter
Models,
L300P

Length 
of 

power 
wiring

Screw size 
of terminal

Ring Lug Connector *1 Torque

HP kW (AWG–bolt) (mm2–bolt) ft-lbs N-m

400V

2 1.5 –015HFU2, HFE2 — M4 14–10 2–4 1.1 1.5

3 2.2 –022HFU2, HFE2 — M4 14–10 2–4 1.1 1.5

5 4.0 –040HFU2, HFE2 — M4 14–10 2–4 1.1 1.5

7.5 5.5 –050HFU2, HFE2 — M5 14–12 2–5 1.8 2.5

10 7.5 –075HFU2, HFE2 — M5 10–12 3.5–5 1.8 2.5

15 11 -110HFU2, HFE2 — M6 8–1/4 5.5–6 3.6 4.9

20 15 -150HFU2, HFE2 — M6 6–1/4 8–6 3.6 4.9

25 18.5 -185HFU2, HFE2 — M6 6–1/4 14–6 3.6 4.9

30 22 -220HFU2, HFE2 — M6 4–1/4 14–6 3.6 4.9

40 30 -300HFU2, HFE2 — M6 3–1/4 22–6 3.6 4.9

50 37 -370HFU2, HFE2 — M6 4–1/4 14–6 3.6 4.9

60 45 -450HFU2, HFE2 — M8 1–5/16 38–8 6.5 8.8

75 55 -550HFU2, HFE2 — M8 3–5/16 22–8 6.5 8.8

100 75 -750HFU2, HFE2 — M8 2–5/16 30–8 6.5 8.8

125 90 -900HFU2, HFE2 — M10 1–1/2 38–10 10.1 13.7

150 110 -1100HFU2, HFE2 — M10 1/0–1/2 50–10 10.1 13.7

175 132 -1320HFU2, HFE2 — M10 2/0–1/2 60–10 10.1 13.7
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Step 6: In this step, you will connect wiring to 
the input of the inverter.  All models have the 
same power connector terminals labeled R(L1), 
S(L2), and T(L3) for three-phase input. The 
three phases may be connected in any order, as 
they are isolated from chassis ground and do 
not determine motor direction of rotation.  
Please refer to the specifications label (on 
the front or side of the inverter) for the 
acceptable input voltage ranges!

NOTE: The wiring example to the right shows 
an L300P-110LFU2 inverter. The terminal 
locations will vary, depending on the inverter 
model (see below). Note the use of ring lug 
connectors for a secure connection.

Please use the terminal arrangement below corresponding to your inverter model.

6

Wire the Inverter 
Input to a Supply

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

RB
(RB)

P
(+)

N
(–) (G) (G)

R0
(R0)

T0
(T0)

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

P
(+)

N
(–)

R0
(R0)

T0
(T0)

–075LFU2
–075HFU2, HFE2
–110LFU2
–110HFU2, HFE2
–150LFU2
–150HFU2, HFE2

–220LFU2, –300LFU2,
–450 to –750LFU2, –900 to –1320HFU2, HFE2

–185LFU2, –185 to –370HFU2, HFE2
–370LFU2, –450 to –750HFU2, HFE2

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

P
(+)

N
(–) (G)(G)

R0
(R0)

T0
(T0)

Jumper 
bar

Jumper 
bar

Jumper 
bar

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

RB
(RB)

P
(+)

N
(–) (G) (G)

R0
(R0)

T0
(T0)

–015 to –055LFU2
–015 to –055HFU2, HFE2

Jumper 
bar
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NOTE: An inverter powered by a portable or emergency diesel power generator may result in a 
distorted power waveform, overheating the generator. In general, the generator capacity should 
be at least five times that of the inverter (kVA).

CAUTION: Be sure that the input voltage matches the inverter specifications:
•  Three phase 200 to 240V 50/60Hz
•  Three phase 380 to 480V 50/60Hz

CAUTION: Be sure not to power a three-phase-only inverter with single phase power. Other-
wise, there is the possibility of damage to the inverter and the danger of fire.

CAUTION: Be sure not to connect an AC power supply to the output terminals. Otherwise, 
there is the possibility of damage to the inverter and the danger of injury and/or fire.

CAUTION: Remarks for using ground fault interrupter breakers in the main power supply: 
Adjustable frequency inverters with CE-filters (RFI-filter) and shielded (screened) motor 
cables have a higher leakage current toward Earth GND. Especially at the moment of switching 
ON this can cause an inadvertent trip of ground fault interrupter breakers. Because of the recti-
fier on the input side of the inverter there is the possibility to stall the switch-off function 
through small amounts of DC current. Please observe the following:
• Use only short time-invariant and pulse current-sensitive ground fault interrupter 

breakers with higher trigger current.
• Other components should be secured with separate ground fault interrupter breakers.
• Ground fault interrupter breakers in the power input wiring of an inverter are not an 
absolute protection against electric shock.

CAUTION: Be sure to install a fuse in each phase of the main power supply to the inverter. 
Otherwise, there is the danger of fire.

CAUTION:  For motor leads, ground fault interrupter breakers and electromagnetic contac-
tors, be sure to size these components properly (each must have the capacity for rated current 
and voltage). Otherwise, there is the danger of fire.

Power Output

R S T

T1 T2 T3

U V W

L1 L3

NOTE:

L1, L2, L3:

Three-phase 200 to 240V 50/60 Hz
Three-phase 380 to 480V 50/60 Hz

L2

Power Input
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Step 7: The process of motor selection is beyond the scope of this manual. However, it must be 
a three-phase AC induction motor. It should also come with a chassis ground lug. If the motor 
does not have three power input leads, stop the installation and verify the motor type. Other 
guidelines for wiring the motor include:

• Use an inverter-grade motor for maximum motor life (1600V insulation).

• For standard motors, use an output filter if the wiring between the inverter and motor 
exceeds 10 meters in length.

Simply connect the motor to the terminals 
[U/T1], [V/T2], and [W/T3] indicated on 
the inverter to the right. This is a good time 
to connect the chassis ground lug on the 
drive as well. The motor chassis ground 
must also connect to the same point. Use a 
star ground (single-point) arrangement, and 
never daisy-chain the grounds (point-to-
point).

Use the same wire gauge on the motor and 
chassis ground wiring as you used on the 
power input wiring in the previous step. 
After completing the wiring:

• Check the mechanical integrity of each 
wire crimp and terminal connection.

• Replace the front panel and secure the 
retention screw firmly.

Logic Control 
Wiring

After completing the initial installation and powerup test in this chapter, you may need to wire 
the logic signal connector for your application. For new inverter users/applications, we highly 
recommend that you first complete the powerup test in this chapter without adding any logic 
control wiring. Then you will be ready to set the required parameters for logic control as 
covered in Chapter 4, Operations and Monitoring.

Step 8: After mounting and wiring the inverter, 
remove any protective material covering the 
inverter ventilation openings from Step 3. This 
includes covers over the side ventilation ports 
as well as the fan outlet area.

CAUTION: Failure to remove all vent opening 
covers before electrical operation may result in 
damage to the inverter.

7

Wire the Inverter 
Output to Motor

To Power 
Source

To MotorTo Chassis 
Ground

8

Uncover the 
Vents

Uncover the ventilation slots,
both sides

Uncover the fan outlet vents
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Powerup Test
Step 9: After wiring the inverter and motor, you’re ready to do a powerup test. The procedure 
that follows is designed for the first-time use of the drive. Please verify the following conditions 
before conducting the powerup test:

• You have followed all the steps in this chapter up to this step.

• The inverter is new, and is securely mounted to a non-flammable vertical surface

• The inverter is connected to a power source and motor.

• No additional wiring of inverter connectors or terminals has been done.

• The power supply is reliable, and the motor is a known working unit, and the motor 
nameplate ratings match the inverter ratings.

• The motor is securely mounted, and is not connected to any load.

Goals for the 
Powerup Test

If there are any exceptions to the above conditions at this step, please take a moment to take any 
measures necessary to reach this basic starting point. The specific goals of this powerup test 
are:

1. Verify that the wiring to the power supply and motor is correct.

2. Demonstrate that the inverter and motor are generally compatible.

3. Give a brief introduction to the use of the built-in operator keypad.

The powerup test gives you an important starting point to ensure a safe and successful applica-
tion of the Hitachi inverter. We highly recommend performing this test before proceeding to the 
other chapters in this manual.

Pre-test and 
Operational 
Precautions

The following instructions apply to the powerup test, or to any time the inverter is powered and 
operating. Please study the following instructions and messages before proceeding with the 
powerup test.

1. The power supply must have fusing suitable for the load. Check the fuse size chart 
presented in Step 5, if necessary.

2. Be sure you have access to a disconnect switch for the drive input power if necessary. 
However, do not turn OFF power to the inverter during its operation unless it is an 
emergency.

3. Turn the inverter’s front panel potentiometer (if it exists) to the MIN position (fully counter-
clockwise).

CAUTION: The heat sink fins will have a high temperature. Be careful not to touch them. 
Otherwise, there is the danger of getting burned.

CAUTION: The operation of the inverter can be easily changed from low speed to high speed. 
Be sure to check the capability and limitations of the motor and machine before operating the 
inverter. Otherwise, there is the danger of injury.

9

Perform the 
Powerup Test
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CAUTION: If you operate a motor at a frequency higher than the inverter standard default 
setting (50Hz/60Hz), be sure to check the motor and machine specifications with the respective 
manufacturer. Only operate the motor at elevated frequencies after getting their approval. 
Otherwise, there is the danger of equipment damage and/or injury to personnel.

CAUTION: Check the following before and during the powerup test. Otherwise, there is the 
danger of equipment damage.
• Is the shorting bar between the [P] and [PD] terminals installed? DO NOT power or 

operate the inverter if the jumper is removed.
• Is the direction of the motor rotation correct?
• Did the inverter trip during acceleration or deceleration?
• Were the rpm and frequency meter readings as expected?
• Were there any abnormal motor vibrations or noise?

Powering the 
Inverter

If you have followed all the steps, cautions and warnings up to this point, you’re ready to apply 
power. After doing so, the following events should occur:

• The POWER LED will illuminate.

• The numeric (7-segment) LEDs will display a test pattern, then stop at 0.0.

• The Hz LED will be ON.

If the motor starts running unexpectedly or any other problem occurs, press the STOP key. Only 
if necessary should you remove power to the inverter as a remedy.

NOTE: If the inverter has been previously powered and programmed, the LEDs (other than the 
POWER LED) may illuminate differently than as indicated above. If necessary, you can initial-
ize all parameters to the factory default settings. See “Restoring Factory Default Settings” on 
page 6–9.
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Using the Front Panel Keypad
Front Panel
Introduction

Please take a moment to familiarize yourself with the keypad layout shown in the figure below.

The display is used in programming the inverter’s parameters, as well as monitoring specific 
parameter values during operation. Many functions are applicable only during the initial instal-
lation, while others are more useful for maintenance or monitoring.

Parameter Editing 
and Controls

The front panel controls and indicators are described as follows:

• Run/Stop LED – ON when the inverter output is ON and the motor is developing torque, 
and OFF when the inverter output is OFF (Stop Mode).

• Program/Monitor LED – This LED is ON when the inverter is ready for parameter editing 
(Program Mode). It is normally OFF when the parameter display is monitoring data 
(Monitor Mode). However, the PRG LED will be ON whenever you are monitoring the 
value of parameter D001. (When the keypad is enabled as the frequency source via 
A001=02, you can edit the inverter frequency directly from D001 monitor display by using 
the Up/Down keys.)

• Run Key Enable LED – is ON when the inverter is ready to respond to the Run key, OFF 
when the Run key is disabled.

• Run Key – Press this key to run the motor (the Run Enable LED must be ON first). Parame-
ter F004, Keypad Run Key Routing, determines whether the Run key generates a Run FWD 
or Run REV command.

• Stop/Reset Key – Press this key to stop the motor when it is running (uses the programmed 
deceleration rate). This key will also reset an alarm that has tripped.

• Potentiometer – allows an operator to directly set the motor speed when the potentiometer 
is enabled for output frequency control.

• Potentiometer Enable LED – ON when the potentiometer is enabled for value entry.

• Parameter Display – a 4-digit, 7-segment display for parameters and function codes.

• Display Units: Hertz/Volts/Amperes/kW/% – These LEDs indicate the units associated 
with the parameter display. When the display is monitoring a parameter, the appropriate 
LED is ON. In the case of kW units, both Volts and Amperes LEDs will be ON. An easy 
way to remember this is that kW = (V x A)/1000.

• Power LED – This LED is ON when the power input to the inverter is ON.

• Alarm LED – This LED is ON when an alarm condition has tripped the inverter. Clearing 
the alarm will turn this LED OFF again. See Chapter 6 for details on clearing alarms.

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW

Run/Stop LED

Program/Monitor LED

Run Key Enable LED

Run Key

Power LED

Alarm LED

Display Units LEDs

Hertz
Volts or Amperes
(kW = both ON)
Percent

Parameter Display

Potentiometer Enable LED

Potentiometer

Stop/Reset Key

5 0.0
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• Function Key – This key is used to navigate 
through the lists of parameters and functions 
for setting and monitoring parameter values.

• Up/Down ( ,  ) Keys – Use these 
keys alternately to move up or down the lists 
of parameter and functions shown in the 
display, and increment/decrement values.

• Store (  ) Key – When the unit is in 
Program Mode and the operator has edited a 
parameter value, press the Store key to write 
the new value to the EEPROM. This param-
eter is then displayed at powerup by default. 
If you want to change the powerup default, 
navigate to a new parameter value and press 
the Store key.

Keys, Modes, and 
Parameters

Purpose of the keypad is to provide a way to change modes and parameters. The term function 
applies to both monitoring modes and parameters. These are all accessible through function 
codes that are primarily 3 or 4-character codes. The various functions are separated into related 
groups identifiable by the left-most character, as the table shows.

For example, function “A004” is the base frequency setting for the motor, typically 50 Hz or 60 
Hz. To edit the parameter, the inverter must be in Program Mode (PGM LED will be ON). You 
use the front panel keys to first select the function code “A004.” After displaying the value for 
“A004,” use the Up/Down (  or  ) keys to edit the value.

NOTE: The inverter 7-segment display shows lower case “b” and “d”, meaning the same as the 
upper case letters “B” and “D” used in this manual (for uniformity “A to F”).

 The inverter automatically switches into Monitor 
Mode when you access “D” Group functions. It 
switches into Program Mode when you access 
any other group, because they all have editable 
parameters. Error codes use the “E” Group, and 
appear automatically when a fault event occurs. 
Refer to “Monitoring Trip Events, History, & 
Conditions” on page 6–5 for error code details.

Function
key

Up/Down
keys

Store
key

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW5 0.0
1 2

STR

Function 
Group Type (Category) of Function Mode to Access

PGM LED 
Indicator

“D” Monitoring functions Monitor  or 

“F” Main profile parameters Program

“A” Standard functions Program

“B” Fine tuning functions Program

“C” Intelligent terminal functions Program

“H” Motor constant functions Program

“P” Expansion card functions Program

“U” User-selectable menu functions Monitor

“E” Error codes — —

1 2

“D” Group

“A” Group
“B” Group
“C” Group
“H” Group
“P” Group
“U” Group
“F” Group

MONITOR PROGRAM
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Keypad
Navigational Map

The L300P Series inverter drives have many programmable functions and parameters. 
Chapter 3 will cover these in detail, but you need to access just a few items to perform the 
powerup test. The menu structure makes use of function codes and parameter codes to allow 
programming and monitoring with only a 4-digit display and a few keys and LEDs. So, it is 
important to become familiar with the basic navigational map of parameters and functions in 
the diagram below. You can later use this map as a reference.

1 2

21

Write
data to 

EEPROM, 
store as 
powerup 
default

Increment/
decrement 

value

21

21

21

21

21

21

2

1

1

Select ParameterSelect FunctionDisplay Data

2

Return to 
parameter 

list

21

21

21

21

21

21

Edit Parameter

FUNC.

FUNC.

FUNC.
21

21

21

21

21

21

d o 9 0

U – – –

P – – –

H – – –

C – – –

b – – –

A – – –

U o 1 2

U o 0 1

P o 5 0

P o 0 1

h 2 0 6

h o 0 3

c 1 2 3

c o 0 1

b 1 1 3

b o 0 1

a 1 3 2

a o 0 1

1 2 3.4

0.00

d o 0 1

F o 0 4

F o 0 1

FUNC.

FUNC.

FUNC.

21

P o 5 0

d 0 0 1

FUNC.

STR

FUNC.

D002–D090

Edit

0.00
D001

Edit

PRG LED

PRG LED

Increment/
decrement 

value

1 2

FUNC.

Write data 
to F001, 

store D001 
as power-
up default

STR

FUNC.

STR

Store as 
powerup 
default

Monitor Mode Program Mode
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Selecting 
Functions and 
Editing Parame-
ters

In order to run the motor for the powerup test, this section will show how to:

• select the inverter’s maximum output frequency to the motor

• select the keypad potentiometer as the source of motor speed command

• select the keypad as the source of the RUN command

• set the number of poles for the motor

• enable the RUN command

The following series of programming tables are designed for successive use. Each table uses 
the previous table’s final state as the starting point. Therefore, start with the first and continue 
programming until the last one. If you get lost or concerned that some of the other parameters 
settings may be incorrect, refer to “Restoring Factory Default Settings” on page 6–9.

CAUTION: If you operate a motor at a frequency higher than the inverter standard default 
setting (50Hz/60Hz), be sure to check the motor and machine specifications with the respective 
manufacturer. Only operate the motor at elevated frequencies after getting their approval. 
Otherwise, there is the danger of equipment damage.

Setting the Motor Base Frequency -The motor is designed to operate at a specific AC 
frequency. Most commercial motors are designed for 50/60 Hz operation. First, check the 
motor specifications. Then follow the steps in the table below to verify the setting or  correct for 
your motor. DO NOT set it for greater than 50/60 Hz unless the motor manufacturer specifi-
cally approves operation at the higher frequency. 

TIP: If you need to scroll through a function or parameter list, press and hold the  or  
key to auto-increment through the list.

Action Display Func./Parameter

Press the  key.
Monitor functions

Press the  or  keys until ->
“A” Group selected

Press the  key.
First “A” parameter

Press the  key twice.
Base frequency setting

 Press the  key.

or

Default value for base frequency 
US = 60 Hz, Europe = 50 Hz

Press the  or  key as needed.
Set to your motor specs (your 
display may be different)

Press the   key.
Stores parameter, returns to “A” 
Group list

FUNC d 0 0 1

1 2 A – – –
FUNC A 0 0 1

1 A 0 0 3
FUNC 6 0

5 0

1 2 6 0
STR A 0 0 3

1 2
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Select the Potentiometer for Speed Command - The motor speed may be controlled from the 
following sources:

• Potentiometer on front panel keypad (if present)

• Control terminals

• Remote panel

Then follow the steps in the table below to select the potentiometer for the speed command (the 
table resumes action from the end of the previous table).

Select the Keypad for the RUN Command - The RUN command causes the inverter to accel-
erate the motor to the selected speed. You can program the inverter to respond to either the 
control terminal signal or the keypad RUN key. Follow the steps in the table below to select the 
front panel RUN key as the source for the RUN Command (the table resumes action from the 
end of the previous table).

NOTE: When you press the STR key in the last step above (and the display = 02), the Run 
Enable LED above the RUN switch on the keypad will turn ON. This is normal, and does not 
mean the motor is trying to run. It means that the RUN key is now enabled.
DO NOT press the RUN key at this time—finish out the programming exercise first.

Action Display Func./Parameter

Press the  key twice.
Speed command source setting

Press the  key.
0 = potentiometer
1 = control terminals (default)
2 = keypad

Press the  key.
0 = potentiometer (selected)

Press the   key.
Stores parameter, returns to “A” 
Group list

Action Display Func./Parameter

Press the  key.
Run command source

Press the  key.
1 = control terminals (default)
2 = keypad

Press the  key.
2 = keypad (selected)

Press the   key.
Stores parameter, returns to “A” 
Group list

2 A 0 0 1
FUNC 0 1

2 0 0
STR A 0 0 1

1 A 0 0 2
FUNC 0 1

1 0 2
STR A 0 0 2
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Configure the Inverter for the Number of Motor Poles- The number of magnetic poles of a 
motor is determined by the motor’s internal winding arrangement. The specifications label on 
the motor usually indicates its number of poles. For proper operation, verify the parameter 
setting matches the motor poles. Many industrial motors have four poles, corresponding to the 
default setting in the inverter.

Follow the steps in the table below to verify the motor poles setting and change it if necessary 
(the table resumes action from the end of the previous table.)

This step concludes the parameter setups for the inverter. You are almost ready to run the motor 
for the first time!

TIP: If you became lost during any of these steps, first observe the state of the PRG LED. Then 
study the “Keypad Navigational Map” on page 2–25 to determine the current state of the 
keypad controls and display. As long as you do not press the STR key, no parameters will be 
changed by keypad entry errors. Note that power cycling the inverter will not cause it to reset to 
a particular programming state.

The next section will show you how to monitor a particular parameter from the display. Then 
you will be ready to run the motor.

Action Display Func./Parameter

Press the  key.
“A” Group selected

Press the  key three times.
“H” Group selected

Press the  key.
First “H” parameter

Press the  key once.
Motor poles parameter

Press the  key.
2 = 2 poles
4 = 4 poles (default)
6 = 6 poles
8 = 8 poles

Press the  or  key as needed.
Set to match your motor (your 
display may be different)

Press the   key.
Stores parameter, returns to “H” 
Group list

FUNC A – – –

1 h – – –
FUNC h 0 0 3

1 h 0 0 4
FUNC 4

1 2 4
STR h 0 0 4
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Monitoring 
Parameters with 
the Display

After using the keypad for parameter 
editing, it’s a good idea to switch the 
inverter from Program Mode to Monitor 
Mode. This will turn out the PRG LED, and 
the Hertz, Volt, Ampere, or % LED 
indicates the display units.

For the powerup test, monitor the motor speed indirectly by viewing the inverter’s output 
frequency. The output frequency must not be confused with base frequency (50/60 Hz) of the 
motor, or the carrier frequency (switching frequency of the inverter, in the kHz range). The 
monitoring functions are in the “D” list, located near the top left of the diagram in the “Keypad 
Navigational Map” on page 2–25.

Output frequency (speed) monitor - Resuming the keypad programming from the previous 
table, follow the steps in the table below.

When the d 01 function code appeared, the PRG LED went OFF. This confirms the inverter is 
no longer in programming mode, even while you are selecting the particular monitoring param-
eter. After pressing the  key, the display shows the current speed (is zero at this point).

Running the 
Motor

If you have programmed all the parameters up to this point, you’re ready to run the motor! 
First, review this checklist:

1. Verify the Power LED is ON. If not, check the power connections.

2. Verify the Run Key Enable LED is ON. If not, review the programming steps to find the 
problem.

3. Verify the PRG LED is OFF. If it is ON, review the instructions above.

4. Make sure the motor is disconnected from any mechanical load.

5. Turn the potentiometer to the MIN position (completely counterclockwise).

6. Now, press the RUN key on the keypad. The RUN LED will turn ON.

7. Slowly increase the potentiometer setting in clockwise fashion. The motor should start 
turning when the indicator is in the 9:00 position and beyond.

8. Press the STOP key to stop the motor rotation.

Action Display Func./Parameter

Press the  key.
“H” Group selected

Press the  key.
Output frequency selected

Press the  key.
Output frequency displayed

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW5 0.0

FUNC h – – –

1 d 0 0 1
FUNC 0.00

FUNC
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Step 10: Reading this section will help you make some useful observations when first running 
the motor.

Error Codes - If the inverter displays an error code (LED format is “Exx”), see “Monitoring 
Trip Events, History, & Conditions” on page 6–5 to interpret and clear the error.

Acceleration and Deceleration - The L300P inverter has programmable acceleration and 
deceleration values. The test procedure left these at the default value, 10 seconds. You can 
observe this by setting the potentiometer at about half speed before running the motor. Then 
press RUN, and the motor will take 5 seconds to reach a steady speed. Press the STOP key to 
see a 5 second deceleration to a stop.

State of Inverter at Stop - If you adjust the motor’s speed to zero, the motor will slow to a near 
stop, and the inverter turns the outputs OFF.

Interpreting the Display - First, refer to the output frequency display readout. The maximum 
frequency setting (parameter A004) defaults to 50 Hz or 60 Hz (Europe and United States, 
respectively) for your application.

Example: Suppose a 4-pole motor is rated for 60 Hz operation, so the inverter is configured to 
output 60 Hz at full scale. Use the following formula to calculate the RPM.

The theoretical speed for the motor is 1800 RPM (synchronous speed). However, an induction 
motor cannot generate torque unless its shaft turns at a slightly different speed. This difference 
is called slip. So it’s common to see a rated speed of approximately 1750 RPM on a 60 Hz, 4-
pole motor. Using a tachometer to measure shaft speed, you can see the difference between the 
inverter output frequency and the actual motor speed. The slip increases slightly as the motor’s 
load increases. This is why the inverter output value is called “frequency,” since it is not exactly 
equal to motor speed. You can program the inverter to display output frequency in units more 
directly related to the load speed by entering a constant (discussed more in depth on
page 3–38).

Run/Stop Versus Monitor/Program Modes – 
The Run LED on the inverter is ON in Run Mode, 
and OFF in Stop Mode. The Program LED is ON 
when the inverter is in Program Mode, and OFF for 
Monitor Mode. All four mode combinations are 
possible. The diagram to the right depicts the 
modes and the mode transitions via keypad.

NOTE: Some factory automation devices such as PLCs have alternate Run/Program modes; 
the device is in either one mode or the other. In the Hitachi inverter, however, Run Mode alter-
nates with Stop Mode, and Program Mode alternates with Monitor Mode. This arrangement 
lets you program some values while the inverter is operating—providing flexibility for mainte-
nance personnel.

10

Powerup Test 
Observations and 
Summary

 RPM Frequency 60×
Pairs of poles

---------------------------------------- Frequency 120×
# of poles

------------------------------------------- 60 120×
4

--------------------- 1800RPM= = = =

RUN

STOP
RESET

FUNC.

Run Stop

Monitor Program
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Choosing a Programming Device
Introduction Hitachi variable frequency drives (inverters) use the latest electronics technology for getting the 

right AC waveform to the motor at the right time. The benefits are many, including energy 
savings and higher machine output or productivity. The flexibility required to handle a broad 
range of applications has required ever more configurable options and parameters—inverters 
are now a complex industrial automation component. And this can make a product seem diffi-
cult to use, but the goal of this chapter is to make this easier for you.

As the powerup test in Chapter 2 demonstrated, you do not have to program very many param-
eters to run the motor. In fact, most applications would benefit only from programming just a 
few, specific parameters. This chapter will explain the purpose of each set of parameters, and 
help you choose the ones that are important to your application.

If you are developing a new application for the inverter and a motor, finding the right parame-
ters to change is mostly an exercise in optimization. Therefore, it is okay to begin running the 
motor with a loosely tuned system. By making specific, individual changes and observing their 
effects, you can achieve a finely tuned system.

Inverter
Programming
Keypads

The front panel keypad is the first and best way to get to know the inverter’s capabilities. Every 
function or programmable parameter is accessible from the keypad. All keypads have the same 
basic layout, but with different features. The OPE–SRE has a potentiometer knob for frequency 
setting input. The SRW–0EX Read/write Copy Unit has the ability to upload (copy) or 
download (write) all inverter parameter data to/from memory in the copy unit itself. This unit is 
useful in transferring one inverter’s settings to another.

The following table shows various programming options, the features unique to each device, 
and the cables required.

TIP: Other special-purpose keypads are available, such as ones to serve the needs of the HVAC 
market (heating, ventilating & air conditioning). Please contact your Hitachi distributor for 
details.

Device
Part 

Number
 Parameter 

Access

Parameter 
setting 
storage

Cables (for optional 
external mounting)

Part 
number

Length

Inverter keypad,
U.S. version

OPE–SRE Monitor and 
program

EEPROM in 
inverter

ICS–1 1 meter

ICS–3 3 meters

Inverter keypad,
European version

OPE–S Monitor and 
program

EEPROM in 
inverter

Use same two cables as 
above

Read/write Copy 
Unit with Keypad

SRW–0EX Monitor and 
program; read or 
write all data

EEPROM in 
inverter or in 
copy unit

Use same two cables as 
above
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Using Keypad Devices
Inverter Front 
Panel Keypad

The L300P Series inverter front keypad contains all the elements for both monitoring and 
programming parameters. The keypad layout (OPE–SRE) is shown below. All other program-
ming devices for the inverter have a similar key arrangement and function.

Key and
Indicator Legend

• Run/Stop LED – ON when the inverter output is ON and the motor is developing torque, 
and OFF when the inverter output is OFF (Stop Mode).

• Program/Monitor LED – This LED is ON when the inverter is ready for parameter editing 
(Program Mode). It is normally OFF when the parameter display is monitoring data 
(Monitor Mode). However, the PRG LED will be ON whenever you are monitoring the 
value of parameter D001. (When the keypad is enabled as the frequency source via 
A001=02, you can edit the inverter frequency directly from D001 monitor display by using 
the Up/Down keys.)

• Run Key – Press this key to run the motor (the Run Enable LED must be ON first). Parame-
ter F004, Keypad Run Key Routing, determines whether the Run key generates a Run FWD 
or Run REV command.

• Run Key Enable LED – is ON when the inverter is ready to respond to the Run key, OFF 
when the Run key is disabled.

• Stop/Reset Key – Press this key to stop the motor when it is running (uses the programmed 
deceleration rate). This key will also reset an alarm that has tripped.

• Potentiometer – allows an operator to directly set the motor speed when the potentiometer 
is enabled for output frequency control

• Potentiometer Enable LED – ON when the potentiometer is enabled for value entry.

• Parameter Display – a 4-digit, 7-segment display for parameters and function codes.

• Display Units: Hertz/Volts/Amperes/kW/% – These LEDs indicate the units associated 
with the parameter display. When the display is monitoring a parameter, the appropriate 
LED is ON. In the case of kW units, both Volts and Amperes LEDs will be ON. An easy 
way to remember this is that kW = (V x A)/1000.

• Power LED – This LED is ON when the power input to the inverter is ON.

• Alarm LED – This LED is ON when an alarm condition has tripped the inverter. Clearing 
the alarm will turn this LED OFF again. See Chapter 6 for details on clearing alarms.

• Function Key – This key is used to navigate through the lists of parameters and functions 
for setting and monitoring parameter values.

• Up/Down ( ,  ) Keys – Use these keys to alternately move up or down the lists of 
parameter and functions shown in the display, and increment/decrement values.

• Store (  ) Key – When the unit is in Program Mode and the operator has edited a param-
eter value, press the Store key to write the new value to the EEPROM. This parameter is then 
displayed at powerup by default. If you want to change the powerup default, navigate to a 
new parameter value and press the Store key.

Run/Stop LED

Program/Monitor LED

Run Key Enable LED

Run Key

Power LED

Alarm LED

Display Units LEDs

Hertz
Volts or Amperes
(kW = both ON)
Percent

Parameter Display

Potentiometer Enable LED

Potentiometer
Stop/Reset Key

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW5 0.0

1 2

STR
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Keypad
Navigational Map

Whether you use the keypad on the inverter or the read-write copy unit, each navigates the same 
way. The diagram below shows the basic navigational map of parameters and functions.

NOTE: The inverter 7-segment display shows lower case “b” and “d”, meaning the same as the 
upper case letters “B” and “D” used in this manual (for uniformity “A to F”).

1 2

21

Write
data to 

EEPROM, 
store as 
powerup 
default

Increment/
decrement 

value

21

21

21

21

21

21

2

1

1

Select ParameterSelect FunctionDisplay Data

2

Return to 
parameter 

list

21

21

21

21

21

21

Edit Parameter

FUNC.

FUNC.

FUNC.
21

21

21

21

21

21

d o 9 0

U – – –

P – – –

H – – –

C – – –

b – – –

A – – –

U o 1 2

U o 0 1

P o 5 0

P o 0 1

h 2 0 6

h o 0 3

c 1 2 3

c o 0 1

b 1 1 3

b o 0 1

a 1 3 2

a o 0 1

1 2 3.4

0.00

d o 0 1

F o 0 4

F o 0 1

FUNC.

FUNC.

FUNC.

21

P o 5 0

d 0 0 1

FUNC.

STR

FUNC.

D002–D090

Edit

0.00
D001

Edit

PRG LED

PRG LED

Increment/
decrement 

value

1 2

FUNC.

Write data 
to F001, 

store D001 
as power-
up default

STR

FUNC.

STR

Store as 
powerup 
default

Monitor Mode Program Mode
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Operational 
Modes

The RUN and PGM LEDs tell just part of the story; 
Run Mode and Program Modes are independent 
modes, not opposite modes. In the state diagram to 
the right, Run alternates with Stop, and Program 
Mode alternates with Monitor Mode. This is a very 
important ability, for it shows that a technician can 
approach a running machine and change some 
parameters without shutting down the machine.

The occurrence of a fault during operation will 
cause the inverter to enter the Trip Mode as shown. 
An event such as an output overload will cause the 
inverter to exit the Run Mode and turn OFF its 
output to the motor. In the Trip Mode, any request 
to run the motor is ignored. You must clear the 
error by pressing the Stop/Reset switch. See 
“Monitoring Trip Events, History, & Conditions” 
on page 6–5.

Run Mode Edits The inverter can be in Run Mode (inverter output is controlling motor) and still allow you to 
edit certain parameters. This is useful in applications that must run continuously, yet need some 
inverter parameter adjustment.

The parameter tables in this chapter have a column titled “Run Mode 
Edit.” An Ex mark ✘ means the parameter cannot be edited; a Check 
mark ✔ means the parameter can be edited. You’ll notice in the table 
example to the right the two adjacent marks: “✘ ✔”. The two marks, 
(that can also be “✘ ✘” or “✔ ✔”) correspond to these levels of access 
to editing:

• Low-access level to Run Mode edits (indicated by left-most mark)

• High-access level to Run Mode edits (indicated by right-most mark)

The Software Lock Setting (parameter B031) determines the particular access level that is in 
effect during Run Mode and access in other conditions, as well. It is the responsibility of the 
user to choose a useful and safe software lock setting for the inverter operating conditions and 
personnel. Please refer to page “Software Lock Mode” on page 3–35 for more information.

Control 
Algorithms

The motor control program in the L300P 
inverter has several sinusoidal PWM 
switching algorithms. The intent is that you 
select the best algorithm for the motor 
characteristics in your application. Each 
algorithm generates the frequency output in 
a unique way. Once configured, the 
algorithm is the basis for other parameter 
settings as well (see “Torque Control 
Algorithms” on page 3–14). Therefore, 
choose the best algorithm early in your 
application design process.

RUN

STOP
RESET

FUNC.

Run Stop

Monitor Program

RUN

STOP
RESET

STOP
RESET

Run Stop

Fault
Trip Fault

Run 
Mode 
Edit

Lo Hi

✘ ✔

Output

V/f control,
 constant torque

V/f control,
variable torque

V/f control, free-
setting curve

Inverter Torque Control Algorithms

02

01

00
A044
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“D” Group: Monitoring Functions
Parameter 
Monitoring 
Functions

You can access important system parameter values with the “D” Group monitoring functions, 
whether the inverter is in Run Mode or Stop Mode. After selecting the function code number 
for the parameter you want to monitor, press the Function key once to show the value on the 
display. In Functions D005 and D006 the intelligent terminals use individual segments of the 
display to show ON/OFF status.

“D” Function Run 
Mode
Edit

Range 
and Units SRW DisplayFunc.

Code
Name Description

D001 Output frequency monitor Real-time display of output 
frequency to motor, from 0.0 to 
400.0 Hz

— 0.0 to 
400.0 Hz

FM     0000.00Hz

D002 Output current monitor Filtered display of output current 
to motor (100 mS internal filter 
time constant)

— A Iout     0000.0A

D003 Rotation direction 
monitor

Three different indications:
“F”. Forward
“o”. Stop
“r”   Reverse

— — Dir         STOP

D004 Process variable (PV), 
PID feedback monitor

Displays the scaled PID process 
variable (feedback) value (A75 is 
scale factor)

— — PID-FB  0000.00%

D005 Intelligent input terminal 
status

Displays the state of the intelligent 
input terminals:

— — IN-TM  LLLLLLLLL

D006 Intelligent output terminal 
status

Displays the state of the intelligent 
output terminals:

— — OUT-TM    LLLLLL

D007 Scaled output frequency 
monitor

Displays the output frequency 
scaled by the constant in B86. 
Decimal point indicates range:
XX.XX   0.00 to 99.99
XXX.X   100.0 to 999.9
XXXX.   1000 to 9999
XXXX     10000 to 99990

— User-
defined

F-CNV  000000.00

D013 Output voltage monitor Voltage of output to motor,
range is 0.0 to 600.0V

— VAC Vout      000.0V

D014 Power monitor 0.0 to 999.9 — kW Power    000.0kW

ON

OFF

12345

Terminal numbers

FW

ON

OFF

11

Terminal numbers

12AL
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Trip Event and 
Programming 
Error Monitoring

The trip event and history monitoring feature lets you cycle through related information using 
the keypad. See “Monitoring Trip Events, History, & Conditions” on page 6–5.

Programming errors generate an error code that begins with the special  character. See 
“Programming Error Codes” on page 3–60 for more information.

D016 Cumulative operation 
RUN time monitor

Displays total time the inverter has 
been in RUN mode in hours.
Range is 0 to 9999 / 1000 to 9999/
100 to 999 (10,000 to 99,900) hrs.

— hours RUN    0000000hr

D017 Cumulative power-on 
time monitor

Displays total time the inverter has 
had input power (ON) in hours. 
Range is:
 0 to 9999 / 100.0 to 999.9 / 
1000 to 9999 / 100 to 999 hrs.

— hours ON     0000000hr

“D” Function Run 
Mode
Edit

Range 
and Units

SRW Display
Func.
Code Name Description

“D” Function Run 
Mode
Edit

Lo Hi

Range 
and Units

SRW Display
Func.
Code

Name Description

D080 Trip Counter Number of trip events — — ERR COUNT  00000

D081
to
D086

Trip monitor 1 to 6 Displays trip event information — — (Trip event type)

D090 Programming error 
monitor

Displays programming error code — — XXXX
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“F” Group: Main Profile Parameters
The basic frequency (speed) profile is 
defined by parameters contained in the 
“F” Group as shown to the right. The 
output frequency is set in Hz, but accel-
eration and deceleration are specified 
seconds (the time to ramp from zero to 
maximum frequency, or from maximum 
frequency to zero). The motor direction 
parameter determines whether the 
keypad Run key produces a FW or RV 
command. This parameter does not 
affect the [FW] terminal or [RV] intelligent terminal function, which you configure separately.

Acceleration 1 and Deceleration 1 are the standard default accel and decel values for the main 
profile. Accel and decel values for an alternative profile are specified by using parameters Ax92 
through Ax93. The motor direction selection (F004) determines the direction of rotation as 
commanded only from the keypad. This setting applies to either motor profile (1st or 2nd) in 
use at a particular time.

Output
frequency

F001

F002 F003

t

“F” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

F001 Output frequency 
setting

Standard default target 
frequency that determines 
constant motor speed
Range is 0 to 360 Hz

✔ ✔ 0.00 0.00 0.00 Hz >F001 SET-Freq.

TM     0000.00Hz

2FS    0000.00Hz

3FS    0000.00Hz

TM     0000.00Hz

JG     0000.00Hz

1S     0000.00Hz

15S    0000.00Hz

OP1    0000.00Hz

OP2    0000.00Hz

RS485  0000.00Hz

F002 Acceleration (1) time 
setting

Standard default accelera-
tion
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 60.0 30.0 sec. >F002 ACCEL

TIME1   0030.00s

F202 Acceleration (1) time 
setting, 2nd motor

Standard default accelera-
tion, 2nd motor
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 60.0 30.0 sec. >F202 2ACCEL

TIME1   0030.00s

F003 Deceleration (1) time 
setting

Standard default decelera-
tion
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 60.0 30.0 sec. >F003 DECEL

TIME1   0030.00s

F203 Deceleration (1) time 
setting, 2nd motor

Standard default decelera-
tion, 2nd motor
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 60.0 30.0 sec. >F203 2DECEL

TIME1   0030.00s

F004 Keypad Run key routing Two options; select codes:
00 Forward
01 Reverse

✘ ✘ 00 00 00 — >F004 DIG-RUN

SELECT        FW
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“A” Group: Standard Functions
Basic Parameter 
Settings

These settings affect the most fundamental behavior of the inverter—the outputs to the motor. 
The frequency of the inverter’s AC output determines the motor speed. You may select from 
three different sources for the reference speed. During application development you may prefer 
using the potentiometer, but you may switch to an external source (control terminal setting) in 
the finished application, for example.

The base frequency and maximum frequency settings interact according to the graph below 
(left). The inverter output operation follows the constant V/f curve until it reaches the full-scale 
output voltage. This initial straight line is the constant-torque part of the operating characteris-
tic. The horizontal line over to the maximum frequency serves to let the motor run faster, but at 
a reduced torque. This is the constant-horsepower part of the characteristic. If you want the 
motor to output constant torque over its entire operating range (limited to the motor nameplate 
voltage and frequency rating), then set the base frequency and maximum frequency equal as 
shown (below right).

NOTE: The “2nd motor” settings in the tables in this chapter store an alternate set of parame-
ters for additional motors. The inverter can use the 1st or 2nd set of parameters to generate the 
output frequency to the motor.
See “Configuring the Inverter for Multiple Motors” on page 4–59.

Base
 Frequency

Maximum
 Frequency

Base frequency = 
maximum frequency

A003 A004
A003

A004

tt
0 0

100% 100%

VV

Constant torque

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A001 Frequency source 
setting

Six options; select codes:
00 Keypad potentiometer
01 Control terminal
02 Function F001 setting
03 RS485 serial command
04 Expansion board 1
05 Expansion board 2

✘ ✘ 01 01 00 — >A001 F-SET

SELECT     TRM

A002 Run command source 
setting

Five options; select codes:
01 Input terminal [FW] or 

[RV] (assignable)
02 Run key on keypad, or 

digital operator
03 RS485 serial command
04 Start/Stop, expansion 

card #1
05 Start/Stop, expansion 

card #2

✘ ✘ 01 01 02 — >A002 F/R

SELECT     TRM

A003 Base frequency setting Settable from 30 Hz to the 
maximum frequency 

✘ ✘ 50. 60. 60. Hz >A003 F-BASE

F         0060Hz
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NOTE: The base frequency must be less than or equal to the maximum frequency (ensure that 
A003 ≤ A004).

A203 Base frequency setting, 
2nd motor

Settable from 30 Hz to the 
maximum frequency 

✘ ✘ 50. 60. 60. Hz >A203 2F-BASE

F         0060Hz

A004 Maximum frequency 
setting

Settable from 30 Hz to
400 Hz

✘ ✘ 50. 60. 60. Hz >A004 F-max

F         0060Hz

A204 Maximum frequency 
setting, 2nd motor

Settable from 30 Hz to
400 Hz

✘ ✘ 50. 60. 60. Hz >A204 2F-max

F        0060Hz

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)
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Analog Input 
Settings

The inverter has the capability to accept external analog inputs that can command the output 
frequency to the motor. Signals including voltage input (0 to +10V) at terminal [O], bipolar 
input (-10 to +10V) at terminal [O2], and current input (4 to 20mA) at terminal [OI] are avail-
able. Terminal [L] serves as signal ground for the three analog inputs. The analog input settings 
adjust the curve characteristics between the analog input and the frequency output.

Adjusting [O–L] characteristics – In the 
graph to the right, A013 and A014 select 
the active portion of the input voltage 
range. Parameters A011 and A012 select 
the start and end frequency of the 
converted output frequency range, respec-
tively. Together, these four parameters 
define the major line segment as shown. 
When the line does not begin at the origin 
(A011 and A013 > 0), then A015 defines 
whether the inverter outputs 0Hz or the 
A011-specified frequency when the 
analog input value is less than the A013 
setting. When the input voltage is greater 
than the A014 ending value, the inverter 
outputs the ending frequency specified by 
A012.

Adjusting [OI–L] characteristics – In 
the graph to the right, A103 and A104 
select the active portion of the input 
current range. Parameters A101 and A102 
select the start and end frequency of the 
converted output frequency range, respec-
tively. Together, these four parameters 
define the major line segment as shown. 
When the line does not begin at the origin 
(A101 and A103 > 0), then A105 defines 
whether the inverter outputs 0Hz or the 
A101-specified frequency when the 
analog input value is less than the A103 
setting. When the input voltage is greater 
than the A104 ending value, the inverter 
outputs the ending frequency specified by 
A102.

Adjusting [O2–L] characteristics – In 
the graph to the right, A113 and A144 
select the active portion of the input 
voltage range. Parameters A111 and 
A112 select the start and end frequency of 
the converted output frequency range, 
respectively. Together, these four parame-
ters define the major line segment as 
shown. When the input voltage is less 
than the A113 input starting value, the 
inverter outputs the starting frequency 
specified by A111. When the input 
voltage is greater than the A114 ending 
value, the inverter outputs the ending 
frequency specified by A112.

%  input 

100%
10V

0%
0V

f
max. frequency

A013 A014

A012

A011

A015=0

A015=1

%  input 

100%
20mA

0%
4mA

A102

f
max. frequency

A101

A103 A104

A105=0

A105=1

%  input 

+100%
+10V

0

A112

f max. fwd frequency

A111

A113

A114

–100%
-10V

fmax. rev frequency
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“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A005 [AT] selection Two options; select codes:
00 Select between [O] and 

[OI] at [AT]
01 Select between [O] and 

[O2] at [AT]

✘ ✘ 00 00 00 — >A005 AT

SELECT      O/OI

A006 [O2] selection Three options; select codes:
00 Independent
01 Only positive
02 Both positive and 

negative

✘ ✘ 00 00 00 — >A006 O2

SELECT O2

A011 [O]–[L] input active 
range start frequency

The output frequency corre-
sponding to the voltage input 
range starting point
Range is 0.00 to 400.00 Hz

✘ ✔ 0.00 0.00 0.00 Hz >A011 INPUT-O

EXS    0000.00Hz

A012 [O]–[L] input active 
range end frequency

The output frequency corre-
sponding to the voltage input 
range ending point
Range is 0.00 to 400.00 Hz

✘ ✔ 0.00 60.0 0.00 Hz >A012 INPUT-O

EXE    0000.00Hz

A013 [O]–[L] input active 
range start voltage

The starting point for the 
voltage input range
Range is 0 to 100%

✘ ✔ 0. 0. 0. % >A013 INPUT-O

EX%S        000%

A014 [O]–[L] input active 
range end voltage

The ending point for the 
voltage input range
Range is 0 to 100%

✘ ✔ 100. 100. 100. % >A014 INPUT-O

EX%E        100%

A015 [O]–[L] input start 
frequency enable

Two options; select codes:
00 Use A011 start value
01 Use 0 Hz

✘ ✔ 01 01 01 — >A015 INPUT-O

LEVEL      0Hz

A016 External frequency filter 
time constant

Range n = 1 to 30, where n = 
number of samples for avg.

✘ ✔ 8. 8. 8. Sam-
ples

>A016 INPUT

F-SAMP        08
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Multi-speed and 
Jog Frequency 
Settings

The L300P inverter has the capability to store and output up to 16 preset frequencies to the 
motor (A020 to A035). As in traditional motion terminology, we call this multi-speed profile 
capability. These preset frequencies are selected by means of digital inputs to the inverter. The 
inverter applies the current acceleration or deceleration setting to change from the current 
output frequency to the new one. The first multi-speed setting is duplicated for the second 
motor settings (the remaining 15 multi-speeds apply only to the first motor).

The jog speed setting is used whenever the Jog command is active. The jog speed setting range 
is arbitrarily limited to 10 Hz to provide safety during manual operation. The acceleration to the 
jog frequency is instantaneous, but you can choose from six modes for the best method for 
stopping the jog operation.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A019 Multi-speed operation 
selection

Two options; select codes:
00 Binary; up to 16-stage 

speed using 4 intelligent 
terminals

01 Single-bit; up to 8-stage 
speed using 7 intelligent 
terminals

✘ ✘ 00 00 00 — >A019 SPEED

SELECT    BINARY

A020 Multi-speed frequency 
setting

Defines the first speed of a 
multi-speed profile, range is 
0 to 360 Hz
A020 = Speed 1 (1st motor)

✔ ✔ 0.00 0.00 0.00 Hz >A020 SPEED

FS     0000.00Hz

A220 Multi-speed frequency 
setting, 2nd motor

Defines the first speed of a 
multi-speed profile for 2nd 
motor, range is 0 to 360 Hz
A220 = Speed 1 (2nd motor)

✔ ✔ 0.00 0.00 0.00 Hz >A220 SPEED

2FS    0000.00Hz

A021
to
A035

Multi-speed frequency 
settings
(for both motors)

Defines 15 more speeds,
range is 0 to 360 Hz.
A021 = Speed 2...
A035 = Speed 16

✔ ✔ 0.00 0.00 0.00 Hz >A021 SPEED

01S    0000.00Hz

A038 Jog frequency setting Defines limited speed for 
jog, range is 0.5 to 9.99 Hz

✔ ✔ 1.00 1.00 1.00 Hz >A038 Jogging

F        01.00Hz

A039 Jog stop mode Define how end of jog stops 
the motor; six options:
00 Free-run stop, jogging 

disabled during motor 
run

01 Controlled deceleration, 
jogging disabled during 
motor run

02 DC braking to stop, 
jogging  disabled during 
motor run

03 Free-run stop, jogging 
always enabled

04 Controlled deceleration, 
jogging always enabled

05 DC braking to stop, 
jogging  always enabled

✘ ✔ 00 00 00 — >A039 Jogging

Mode         FRS
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Torque Control 
Algorithms

The inverter generates the motor output 
according to the V/f algorithm. Parameter 
A044 selects the inverter torque control 
algorithm for generating the frequency 
output, as shown in the diagram to the right 
(A244 for 2nd motor). The factory default 
is 00 (constant torque V/f control).

Review the following descriptions to help 
you choose the best torque control 
algorithm for your application.

• The built-in V/f curves are oriented 
toward developing constant torque or 
variable torque characteristics (see 
graphs below).

• The free-setting curve provides an even more flexible characteristic, but it requires more 
parameter settings.

Constant and Variable Torque – The graph below (left) shows the constant torque character-
istic from 0Hz to the base frequency A003. The voltage remains constant for output frequencies 
higher than the base frequency.

The graph above (right) shows the general characteristic for variable torque. The curve may be 
best described in three sections, as follows:

a. The range from 0Hz to 10% of the base frequency is the constant torque characteristic. 
For example, a base frequency of 60Hz ends the constant torque characteristic segment 
at 6Hz.

b. The range from 10% of the base frequency to the base frequency is the variable 
(reduced) torque characteristic. The voltage is output in the curve of frequency to the 1.7 
power.

c. After reaching the base frequency, the characteristic maintains a constant output voltage 
for higher frequencies.

Output

V/f control,
 constant torque

V/f control,
variable torque

V/f control, free-
setting curve

Inverter Torque Control Algorithms

02

01

00
A044

Constant torque Variable torque

Maximum 
frequency

Base
frequency

100%100%

Maximum 
frequency

Base
frequency

Output 
voltage

Output 
voltage

10% of
base

frequency

a. b. c.

0 0
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Using parameter A045 you can modify the voltage gain of the inverter. This is specified as a 
percentage of the full-scale setting AVR (Automatic Voltage Regulation) in parameter A082. 
The gain can be set from 20% to 100%. It must be adjusted in accordance with the motor speci-
fications.

Torque Boost – The Constant and 
Variable Torque algorithms feature an 
adjustable torque boost curve. When the 
motor load has a lot of inertia or starting 
friction, you may need to increase the 
low frequency starting torque character-
istics by boosting the voltage above the 
normal V/f ratio (shown at right). The 
boost is applied from zero to 1/2 the 
base frequency. You set the breakpoint 
of the boost (point A on the graph) by 
using parameters A042 and A043. The 
manual boost is calculated as an 
addition to the standard straight V/f line (constant torque curve).

Be aware that running the motor at a low speed for a long time can cause motor overheating. 
This is particularly true when manual torque boost is ON or if the motor relies on a built-in fan 
for cooling.

NOTE: Manual torque boost applies only to constant torque (A044=00) and variable torque 
(A044=01) V/f control.

V/f Free-setting – The free-setting V/f inverter mode of operation uses voltage and frequency 
parameter pairs to define seven points on a V/f graph. This provides a way to define a multi-
segment V/f curve that best suits your application.

The frequency settings do require that 
F1 ≤ F2 ≤ F3 ≤ F4 ≤ F5 ≤ F6 ≤ F7; their 
values must have this ascending order 
relationship. However, the voltages V1 
to V7 may either increase or decrease 
from one to the next. The example to the 
right shows the definition of a complex 
curve by following the setting require-
ments.

Free-setting f7 (B112) becomes the 
maximum frequency of the inverter. 
Therefore, we recommend setting f7 
first, since the initial value of all default 
frequencies f1–f7  is 0Hz.

NOTE: The using of V/f free-setting operation specifies parameters that override (make 
invalid) certain other parameters. The parameters that become invalid are torque boost (A041/
A241), base frequency (A003/A203/A303), and maximum frequency (A004/A204/A304). In 
this case, we recommend leaving their settings at the factory default values.

f base = 
60Hz

Torque boost

A042 = 10

A043 = 10%

frequency

100%

10%

0

V

A

6.0Hz 30.0Hz

Output voltage

Output
frequency

(even)

B101 to
 B113
(odd)

B100 to B112

V7

V6

V5

V4
V1

V2, V3

0 f1 f2 f3 f4 f5 f6 f7 Hz
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The V/f free-setting endpoint f7/V7 
parameters must stay within the more 
basic inverter limits in order for the 
specified free-setting characteristic 
curve to be achieved. For example, the 
inverter cannot output a higher voltage 
than the input voltage or the AVR 
setting voltage (Automatic Voltage 
Regulation), set by parameter A082. 
The graph to the right shows how the 
inverter input voltage would clip (limit) 
the characteristic curve if exceeded.

The following table shows the methods of torque control selection.

Output voltage

Output
frequency

(even)

B101 to
 B113
(odd)

Voltage to output or AVR voltage

B100 to B112

V7

V6

0 f6 f7 Hz

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A041 Torque boost method 
selection

Two options:
00 Manual torque boost
01 Automatic torque boost

✘ ✘ 00 00 00 — >A041 V-Boost

Mode      MANUAL

A241 Torque boost method 
selection, 2nd motor

Two options (for 2nd 
motor):
00 Manual torque boost
01 Automatic torque boost

✘ ✘ 00 00 00 — >A241 2V-Boost

Mode      MANUAL

A042 Manual torque boost 
value

Can boost starting torque 
between 0 and 20% above 
normal V/f curve, from 0 to
1/2 base frequency

✔ ✔ 1.0 1.0 1.0 — >A042 V-Boost

Code       01.0%

A242 Manual torque boost 
value, 2nd motor

Can boost starting torque 
between 0 and 20% above 
normal V/f curve, from 0 to
1/2 base frequency

✔ ✔ 1.0 1.0 1.0 — >A242 2V-Boost

Code       01.0%

A043 Manual torque boost 
frequency adjustment

Sets the frequency of the
V/f breakpoint A in graph 
(top of previous page) for 
torque boost

✔ ✔ 5.0 5.0 5.0 % >A043 V-Boost

F          05.0%

A243 Manual torque boost 
frequency adjustment, 
2nd motor

Sets the frequency of the
V/f breakpoint A in graph 
(top of previous page) for 
torque boost

✔ ✔ 5.0 5.0 5.0 % >A243 2V-Boost

F          05.0%

A044 V/f characteristic curve 
selection, 1st motor

Three torque control modes:
00 V/f constant torque
01 V/f variable torque
02 V/f free-setting curve

✘ ✘ 00 01 00 — >A044 Control

1st     VC

A244 V/f characteristic curve 
selection, 2nd motor

Three torque control modes:
00 V/f constant torque
01 V/f variable torque
02 V/f free-setting curve

✘ ✘ 00 01 00 — >A244 2Control

2nd           VC

A045 V/f gain setting Sets voltage gain of the 
inverter from 20 to 100%

✔ ✔ 100. 100. 100. % >A045 V-Gain

Gain        100%
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DC Braking 
Settings

The DC braking feature can provide additional stopping torque when compared to a normal 
deceleration to a stop. It can also ensure the motor and load are stopped before acceleration.

When decelerating – DC braking is 
particularly useful at low speeds when 
normal deceleration torque is minimal. 
During deceleration, the inverter injects 
a DC voltage into the motor windings 
during deceleration below a frequency 
you can specify (A052). The braking 
power (A054) and duration (A055) can 
both be set. You can optionally specify a 
wait time before DC braking (A053), 
during which the motor will free run 
(coast).

When starting – You can also apply 
DC braking upon the application of a 
Run command, specifying both the DC 
braking force level (A057) and the 
duration (A058). This will serve to stop 
the rotation of the motor and the load, 
when the load is capable of driving the 
motor. This effect, sometimes called 
“windmilling,” is common in fan appli-
cations. Often, air moving in duct work 
will drive the fan in a backward direc-
tion. If an inverter is started into such a backward-rotating load, over-current trips can occur. 
Use DC braking as an “anti-windmilling” technique to stop the motor and load, and allow a 
normal acceleration from a stop. See also the “Acceleration Pause Function” on page 3–20.

You can configure the inverter to apply DC braking at stopping only, at starting only, or both. 
DC braking power (0–100%) can be set separately for stopping and starting cases.

You can configure DC braking to initiate in one of two ways:

1. Internal DC braking – Set A051=01 to enable internal braking. The inverter automatically 
applies DC braking as configured (during stopping, starting, or both).

2. External DC braking – Configure an input terminal with option code 7 [DB] (see “Exter-
nal Signal for DC Braking” on page 4–16 for more details). Leave A051=00, although this 
setting is ignored when a [DB] input is configured. The DC braking force settings (A054 
and A057) still apply. However, the braking time settings (A055 and A058) do not apply 
(see level and edge triggered descriptions below). Use A056 to select level or edge detection 
for the external input.

a. Level triggered – When the [DB] input signal is ON, the inverter immediately applies 
DC injection braking, whether the inverter is in Run Mode or Stop Mode. You control 
DC braking time by the duration of the [DB] pulse.

b. Edge triggered – When the [DB] input transitions OFF-to-ON and the inverter is in Run 
Mode, it will apply DC braking only until the motor stops... then DC braking is OFF. 
During Stop Mode, the inverter ignores OFF-to-ON transitions. Therefore, do not use 
edge triggered operation when you need DC braking before acceleration.

CAUTION: Be careful to avoid specifying a braking time that is long enough to cause motor 
overheating. If you use DC braking, we recommend using a motor with a built-in thermistor 
and wiring it to the inverter’s thermistor input (see “Thermistor Thermal Protection” on page 4–
27). Also refer to the motor manufacturer’s specifications for duty-cycle recommendations 
during DC braking.

DC brakingFree runRunning

Output
voltage

A053 A055

A054

t

+

0

–

DC braking Running

Output
voltage

A058

A057

t

+

0

–
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Derating of DC Braking – The inverter uses an internal carrier frequency (set by A059) to 
generate a DC braking voltage (do not confuse with main inverter output carrier frequency set 
by B083). The maximum DC braking force available to the inverter is more limited with higher 
DC braking carrier frequency settings for A059 according to the graphs below.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A051 DC braking enable Two options; select codes:
00 Disable
01 Enable

✘ ✔ 00 00 00 — >A051 DCB

Mode         OFF

A052 DC braking frequency 
setting

The frequency at which DC 
braking activates during 
decel.
Range is 0.00 to 60.00 Hz

✘ ✔ 0.50 0.50 0.50 Hz >A052 DCB

F        00.50Hz

A053 DC braking wait time The delay after reaching the 
DC braking frequency, or 
[DB] signal, before DC 
braking begins.
Range is 0.0 to 5.0 seconds

✘ ✔ 0.0 0.0 0.0 sec. >A053 DCB

WAIT        0.0s

A054 DC braking force during 
deceleration

Variable DC braking force. 
Range is from 0% to 70%

✘ ✔ 0. 0. 0. % >A054 DCB

STP-V       000%

A055 DC braking time for 
deceleration

Sets the duration for DC 
braking during decel. Range 
is 0.0 to 60.0 seconds

✘ ✔ 0.0 0.0 0.0 sec. >A055 DCB

STP-T      00.0s

A056 DC braking / edge or 
level detection for [DB] 
input

Two options; select codes:
00 Edge detection
01 Level detection

✘ ✔ 01 01 01 — >A056 DCB

KIND       LEVEL

A057 DC braking force for 
starting

Variable DC braking force. 
Range is 0 to 70%

✘ ✔ 0. 0. 0. % >A057 DCB

STA-V       000%

A058 DC braking time for 
starting

Sets the duration for DC 
braking before accel.
Range is 0.0 to 60.0 seconds

✘ ✔ 0.0 0.0 0.0 sec. >A058 DCB

STA-T      00.0s

A059 DC braking carrier 
frequency setting

Range is 0.5 to 12 kHZ for 
models up to –750xxx,
range is 0.5 to 8kHz for 
900xxx – 1320xxx models

✘ ✘ 3.0 3.0 3.0 kHz >A059 DCB

CARRIER  05.0kHz

Maximum
braking ratio (%)

10

20

30

40

50

60

70

3 5 7 9 11 12

DC braking carrier frequency

10

20

30

40

50

60

70

3 5 7 8

(10)

(22)

(34)

(46)

(58)

Maximum
braking ratio (%)

DC braking carrier frequency

(10)

(25)

(50)

Models 90 – 132kWModels 11 – 75kW

kHz kHz
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Frequency-
related Functions

Frequency Limits – Upper and lower 
limits can be imposed on the inverter 
output frequency. These limits will apply 
regardless of the source of the speed 
reference. You can configure the lower 
frequency limit to be greater than zero as 
shown in the graph to the right. The upper 
limit must not exceed the rating of the 
motor or capability of the machinery.

Jump Frequencies – Some motors or machines exhibit resonances at particular speed(s), 
which can be destructive for prolonged running at those speeds. The inverter has up to three 
jump frequencies as shown in the graph. The hysteresis around the jump frequencies causes the 
inverter output to skip around the sensitive frequency values.

Upper
limit

Frequency command

Lower
limit

Settable
range

A061

A062

Output frequency

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A061 Frequency upper limit 
setting

Sets a limit on output 
frequency less than the 
maximum frequency (A004) 
Range is 0.50 to 400.0 Hz
0.00 setting is disabled
>0.10  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A061 LIMIT

HIGH   0000.00Hz

A261 Frequency upper limit 
setting, 2nd motor

Sets a limit on output 
frequency less than the 
maximum frequency (A004) 
Range is 0.50 to 400.0 Hz
0.00  setting is disabled
>0.10  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A261 2LIMIT

HIGH   0000.00Hz

A062 Frequency lower limit 
setting

Sets a limit on output 
frequency greater than zero 
Range is 0.50 to 400.0 Hz
0.00  setting is disabled
>0.1  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A062 LIMIT

LOW    0000.00Hz

A262 Frequency lower limit 
setting, 2nd motor

Sets a limit on output 
frequency greater than zero 
Range is 0.50 to 400.0 Hz
0.00  setting is disabled
>0.10  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A262 2LIMIT

LOW    0000.00Hz

Frequency command

Jump frequencies

Output
frequency

Hysteresis values

A067

A065

A063
A064

A064

A066

A066

A068

A068
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Acceleration 
Pause Function

The acceleration pause function can be 
used to minimize the occurrence of 
over-current trips when accelerating 
high inertia loads. It introduces a dwell 
or pause in the acceleration ramp. You 
can control the frequency at which this 
dwell occurs (A069), and the duration 
of the pause time (A070). This function 
can also be used as an anti-windmilling 
tool, when the load might have a 
tendency to drive the motor in a reverse 
direction while the inverter is in a Stop mode. Initiating a normal acceleration in such a situa-
tion may result in over-current trips. This function can be used to keep the inverter output 
frequency and voltage at low levels long enough to bring the load to a stop, and commence 
turning in the desired direction before the acceleration ramp resumes. See also “DC Braking 
Settings” on page 3–17.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A063
A065
A067

Jump (center) frequency 
setting

Up to 3 output frequencies 
can be defined for the output 
to jump past to avoid motor 
resonances (center 
frequency)
Range is 0.00 to 400.0 Hz

✘ ✔ 0.00 0.00 0.00 Hz >A063 JUMP

F1     0000.00Hz

>A065 JUMP

F2     0000.00Hz

>A067 JUMP

F3     0000.00Hz

A064
A066
A068

Jump (hysteresis) 
frequency width setting

Defines the distance from 
the center frequency at 
which the jump occurs
Range is 0.0 to 10.0 Hz

✘ ✔ 0.50 0.50 0.50 Hz >A064 JUMP

W1       00.50Hz

>A066 JUMP

W2       00.50Hz

>A068 JUMP

W3       00.50Hz

Accel pause 
period

Output
frequency

A070

A069

Set frequency

t0

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A069 Acceleration pause 
frequency setting

Range is 0.00 to 400.0Hz ✘ ✔ 0.00 0.00 0.00 Hz >A069 F-STOP

F      0000.00H

A070 Acceleration pause time 
setting

Range is 0.0 to 60.0 sec. ✘ ✔ 0.0 0.0 0.0 sec. >A070 F-STOP

T          00.0s
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PID Control When enabled, the built-in PID loop calculates an ideal inverter output value to cause a loop 
feedback process variable (PV) to move closer in value to the setpoint (SP). The current 
frequency command serves as the SP. The PID loop algorithm will read the analog input for the 
process variable (you specify either current or voltage input) and calculate the output.

• A scale factor in A075 lets you multiply the PV by a factor, converting it into engineering 
units for the process.

•  Proportional, integral, and derivative gains are all adjustable.

• Optional – You can assign an intelligent input terminal the option code 23, PID Disable. 
When active, this input disables PID operation. See “Intelligent Input Terminal Overview” 
on page 3–45.

• See “PID Loop Operation” on page 4–58 for more information.

NOTE: The setting A073 for the integrator is the integrator’s time constant Ti, not the gain. 
The integrator gain Ki = 1/Ti. When you set A073 = 0, the integrator is disabled.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A071 PID Enable Enables PID function,
two option codes:
00 PID operation OFF
01 PID operation ON

✘ ✔ 00 00 00 — >A071 PID

SW           OFF

A072 PID proportional gain Proportional gain has a 
range of 0.2 to 5.0

✔ ✔ 1.0 1.0 1.0 — >A072 PID

P            1.0

A073 PID integral time 
constant

Integral time constant has a 
range of 0.0 to 3600 seconds

✔ ✔ 1.0 1.0 1.0 sec. >A073 PID

I        0001.0s

A074 PID derivative time 
constant

Derivative time constant has 
a range of 0.0 to 100 seconds

✔ ✔ 0.0 0.0 0.0 sec. >A074 PID

D         000.00

A075 PV scale conversion Process Variable (PV) scale 
factor (multiplier), range of
0.01 to 99.99

✘ ✔ 1.00 1.00 1.00 — >A075 PID

CONV      001.00

A076 PV source setting Selects source of Process 
Variable (PV), option codes:
00 [OI] terminal (current     

input)
01 [O] terminal (voltage         

input)

✘ ✔ 00 00 00 — >A076 PID

INPUT         OI
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Automatic 
Voltage
Regulation (AVR) 
Function

The automatic voltage regulation (AVR) feature keeps the inverter output voltage at a 
relatively constant amplitude during power input fluctuations. This can be useful if the installa-
tion is subject to input voltage disturbances. However, the inverter cannot boost its motor 
output to a voltage higher than the power input voltage. If you enable this feature, be sure to 
select the proper voltage class setting for your motor.

Energy Savings 
Mode

This function allows the inverter to deliver the minimum power necessary to maintain speed at 
any given frequency. This works best when driving variable torque characteristic loads such as 
fans and pumps. Parameter A085 enables this function and A086 controls the degree of its 
effect. A setting of 0.0 yields slow response but high accuracy, while a setting of 100 will yield 
a fast response with lower accuracy.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A081 AVR function select Automatic (output) voltage 
regulation, selects from 
three type of AVR functions, 
three option codes:
00 AVR enabled
01 AVR disabled
02 AVR enabled except 

during deceleration

✘ ✘ 00 00 02 — >A081 AVR

MODE        DOFF

A082 AVR voltage select 200V class inverter settings:
200/215/220/230/240

400V class inverter settings:
380/400/415/440/460/
480

✘ ✘ 230/
400

230/
460

200/
400

V >A082 AVR

AC          230

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A085 Operation mode
selection

Two options:
00 Normal operation
01 Energy-saver operation

✘ ✘ 00 00 00 — >A085 RUN

MODE       NOR

A086 Energy saving mode 
tuning

Range is 0.0 to 100 sec. ✔ ✔ 50.0 50.0 50.0 sec. >A086 RUN

ECO      0050.0s
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Second
Acceleration and 
Deceleration 
Functions

The L300P inverter features two-stage acceleration and deceleration ramps. This gives flexibil-
ity in the profile shape. You can specify the frequency transition point, the point at which the 
standard acceleration (F002) or deceleration (F003) changes to the second acceleration (A092) 
or deceleration (A093). These profile options are also available for the second motor settings 
and third motor settings. All acceleration and deceleration times are time to ramp from zero 
speed to full speed or full speed to zero speed. Select a transition method via A094 as depicted 
below. Be careful not to confuse the second acceleration/deceleration settings with settings for 
the second motor!

Accel 1

Accel 2

2CH 
input

Accel 1

Accel 2

Frequency
transition pointA095

A094=00 A094=01

t

t

frequencyfrequency

00

1

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A092 Acceleration (2) time 
setting

Duration of 2nd segment of 
acceleration, range is:
0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A092 ACCEL

TIME2   0015.00s

A292 Acceleration (2) time 
setting, 2nd motor

Duration of 2nd segment of 
acceleration, 2nd motor,
range is: 0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A292 2ACCEL

TIME2   0015.00s

A093 Deceleration (2) time 
setting

Duration of 2nd segment of 
deceleration, range is:
0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A093 DECEL

TIME2   0015.00s

A293 Deceleration (2) time 
setting, 2nd motor

Duration of 2nd segment of 
deceleration, 2nd motor,
range is: 0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A293 2DECEL

TIME2   0015.00s

A094 Select method to switch 
to Acc2/Dec2 profile

Two options for switching 
from 1st to 2nd accel/decel:
00 2CH input from terminal
01 transition frequency

✘ ✘ 00 00 00 — >A094 ACCEL

CHANGE      TM

A294 Select method to switch 
to Acc2/Dec2 profile, 
2nd motor

Two options for switching 
from1st to 2nd accel/decel:
00 2CH input from terminal
01 transition frequency (2nd 

motor)

✘ ✘ 00 00 00 — >A294 ACCEL

CHANGE      TM

A095 Acc1 to Acc2 frequency 
transition point

Output frequency at which 
Accel1 switches to Accel2, 
range is 0.00 to 400.0 Hz

✘ ✘ 0.0 0.0 0.0 Hz >A095 ACCEL

CHFr   0000.00Hz

A295 Acc1 to Acc2 frequency 
transition point, 2nd 
motor

Output frequency at which 
Accel1 switches to Accel2, 
range is 0.00 to 400.0 Hz
(2nd motor)

✘ ✘ 0.0 0.0 0.0 Hz >A295 2ACCEL

CHFr   0000.00Hz
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NOTE: For A095 and A096 (and for 2nd motor settings), if you set a very rapid Acc1 or Dec1 
time (less than 1.0 second), the inverter may not be able to change rates to Acc2 or Dec2 before 
reaching the target frequency. In that case, the inverter decreases the rate of Acc1 or Dec1 in 
order to achieve the second ramp to the target frequency.

A096 Dec1 to Dec2 frequency 
transition point

Output frequency at which 
Decel1 switches to Decel2,
range is 0.00 to 400.0 Hz

✘ ✘ 0.0 0.0 0.0 Hz >A096 DECEL

CHFr   0000.00Hz

A296 Dec1 to Dec2 frequency 
transition point, 2nd 
motor

Output frequency at which 
Decel1 switches to Decel2,
range is 0.00 to 400.0 Hz
(2nd motor)

✘ ✘ 0.0 0.0 0.0 Hz >A296 2DECEL

CHFr   0000.00Hz

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)
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Accel/Decel 
Characteristics

Standard (default) acceleration and deceleration is linear with time. The inverter CPU can also 
calculate other curves shown in the graphs below. The sigmoid, U-shape, and reverse U-shape 
curves are useful for favoring the load characteristics in particular applications. Curve settings 
for acceleration and deceleration are independently selected parameters A097 and A098 
respectively. You can use the same or different curve types for acceleration and deceleration.

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

Linear Sigmoid U-shape Reverse U-shape

Accel

A97

Decel

A98

00Set value
Curve

01 02 03

Linear acceleration 
and deceleration for 
general-purpose use

Avoid jerk on start/stop 
for elevators; use for 
delicate loads on con-
veyors

Tension control for winding applications, web 
presses, roller/accumulatorsTypical

applications

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A097 Acceleration curve 
selection

Set the characteristic curve 
of Accel1 and Accel2, four 
options:
00 Linear
01 S-curve
02 U-shape
03 Reverse U-shape

✘ ✘ 00 00 00 — >A097 ACCEL

LINE  Linear

A098 Deceleration curve 
selection

Set the characteristic curve 
of Decel1 and Decel2, four 
options:
00 Linear
01 S-curve
02 U-shape
03 Reverse U-shape

✘ ✘ 00 00 00 — >A098 DECEL

LINE  Linear
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The acceleration and deceleration curves can deviate from a straight line to a varying degree. 
Parameters A131 and A132 control the amount of deviation for the acceleration and decelera-
tion curves respectively. The following graphs show intermediate output frequency points as a 
percentage of the target frequency, for 25%, 50%, and 75% acceleration time intervals.

time

Output frequency

25 50 75

% of target

time

Output frequency

25 50 75

% of target

time

Output frequency

25 50 75

% of target

3.1
17.6

82.4
96.9
100 100 100

99.6
93.8
87.5
68.4
64.6

35.0

65.0

35.4
31.6

12.5
6.25
0.39

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A131 Acceleration curve 
constants setting

Sets the curve deviation 
from straight-line accelera-
tion in ten levels:
01 smallest deviation
10 largest deviation

✘ ✔ 02 02 02 — >A131 ACCEL

GAIN          02

A132 Deceleration curve 
constants setting

Sets the curve deviation 
from straight-line decelera-
tion in ten levels:
01 smallest deviation
10 largest deviation

✘ ✔ 02 02 02 — >A132 DECEL

GAIN          02
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Additional 
Analog Input 
Settings

The parameters in the following table adjust the input characteristics of the analog inputs. 
When using the inputs to command the inverter output frequency, these parameters adjust the 
starting and ending ranges for the voltage or current, as well as the output frequency range. 
Related characteristic diagrams are located in “Analog Input Settings” on page 3–11.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

A101 [OI]–[L] input active 
range start frequency

The output frequency corre-
sponding to the current input 
range starting point.
Range is 0.00 to 400.0 Hz

✘ ✔ 00.0 00.0 00.0 Hz >A101 INPUT-OI

EXS    0000.00Hz

A102 [OI]–[L] input active 
range end frequency

The output frequency corre-
sponding to the current input 
range ending point.
Range is 0.00 to 400.0 Hz

✘ ✔ 00.0 60.0 00.0 Hz >A102 INPUT-OI

EXE    0000.00Hz

A103 [OI]–[L] input active 
range start current

The starting point for the 
current input range.
Range is 0 to 100%

✘ ✔ 20. 20. 20. % >A103 INPUT-OI

EX%S        020%

A104 [OI]–[L] input active 
range end current

The ending point for the 
current input range.
Range is 0 to 100%

✘ ✔ 100. 100. 100. % >A104 INPUT-OI

EX%E        100%

A105 [OI]–[L] input start 
frequency enable

Two options:
00 Use A101 start value
01 Use 0Hz

✘ ✔ 01 01 01 Hz >A105 INPUT-OI

LEVEL     0Hz

A111 [O2]–[L] input active 
range start frequency

The output frequency corre-
sponding to the bipolar 
voltage input range starting 
point.
Range is –400. to 400. Hz

✘ ✔ 0.00 0.00 0.00 Hz >A111 INPUT-O2

EXS    +000.00Hz

A112 [O2]–[L] input active 
range end frequency

The output frequency corre-
sponding to the bipolar 
voltage input range ending 
point.
Range is –400. to 400. Hz

✘ ✔ 0.00 0.00 0.00 Hz >A112 INPUT-O2

EXE    +000.00Hz

A113 [O2]–[L] input active 
range start voltage

The starting point for the 
bipolar voltage input range. 
Range is –100 to 100%

✘ ✔ -100. -100. -100. % >A113 INPUT-O2

EX%S       -100%

A114 [O2]–[L] input active 
range end voltage

The ending point for the 
bipolar voltage input range. 
Range is –100 to 100%

✘ ✔ 100. 100. 100. % >A114 INPUT-O2

EX%E       +100%
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“B” Group: Fine-Tuning Functions
The “B” Group of functions and parameters adjust some of the more subtle but useful aspects 
of motor control and system configuration.

Automatic 
Restart Mode and 
Phase Loss

The restart mode determines how the inverter will resume operation after a fault causes a trip 
event. The four options provide advantages for various situations. Frequency matching allows 
the inverter to read the motor speed by virtue of its residual magnetic flux and restart the output 
at the corresponding frequency. The inverter can attempt a restart a certain number of times 
depending on the particular trip event:

• Over-current trip, restart up to 3 times

• Over-voltage trip, restart up to 3 times

• Under-voltage trip, restart up to 16 times

When the inverter reaches the maximum number of restarts (3 or 16), you must power-cycle the 
inverter to reset its operation.

Other parameters specify the allowable under-voltage level and the delay time before restarting. 
The proper settings depend on the typical fault conditions for your application, the necessity of 
restarting the process in unattended situations, and whether restarting is always safe.

Input 
power

Motor 
speed

Power failure

Inverter
output

Power failure > allowable power 
fail time (B002), inverter trips

Input 
power

Motor 
speed

Inverter
output

Power failure < allowable power fail 
time (B002), inverter resumes

Power failure

Retry wait time

Allowable
power fail time

Allowable
power fail time

free-runningfree-running

B002

B003

B002

t t0 0

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B001 Selection of automatic 
restart mode

Select inverter restart 
method, four option codes:
00 Alarm output after trip,  

automatic restart       
disabled

01 Restart at 0Hz
02 Resume operation after        

frequency matching
03 Resume previous freq. 

after freq. matching, then 
decelerate to stop and 
display trip info

✘ ✔ 00 00 00 — >b001 IPS

POWER        ALM
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CAUTION: When a loss of phase occurs, increased ripple current will markedly reduce main 
capacitor life over time. Diode bridge failure can also result. If phase loss occurs under load, 
the inverter could be damaged. Please pay particular attention to the setting of function B006.

Electronic 
Thermal Overload 
Alarm Setting

The thermal overload detection protects 
the inverter and motor from overheating 
due to an excessive load. It uses a current/
inverse time curve to determine the trip 
point. The thermal overload alarm [THM] 
is the resulting intelligent output.

First, use B013 to select the torque 
characteristic that matches your load. 
This allows the inverter to utilize the best 
thermal overload characteristic for your 
application.

B002 Allowable under-
voltage power failure 
time

The amount of time a power 
input under-voltage can 
occur without tripping the 
power failure alarm. If 
under-voltage exists longer 
than this time, the inverter 
trips, even if the restart 
mode is selected. If it exists 
less than this time retry will 
be attempted. Range is 0.3 to 
1.0 sec.

✘ ✔ 1.0 1.0 1.0 sec. >b002 IPS

TIME        1.0s

B003 Retry wait time before 
motor restart

Time delay after a trip 
condition goes away before 
the inverter restarts the 
motor.
Range is 0.3 to 100 seconds.

✘ ✔ 1.0 1.0 1.0 sec. >b003 IPS

WAIT      001.0s

B004 Instantaneous power 
failure / under-voltage 
trip alarm enable

Three option codes:
00 Disable
01 Enable
02 Disable during stop and 

ramp to stop

✘ ✔ 00 00 00 — >b004 IPS

TRIP        OFF

B005 Number of restarts on 
power failure / under-
voltage trip events

Two option codes:
00 Restart 16 times
01 Always restart

✘ ✔ 00 00 00 — >b005 IPS

RETRY       16

B006 Phase loss detection 
enable

Two option codes:
00 Disable – no trip on      

phase loss
01 Enable – trip on phase 

loss

✘ ✔ 00 00 00 — >b006 PH-FAIL

SELECT       OFF

B007 Restart frequency 
threshold

When the frequency of the 
motor is less than this value, 
the inverter will restart at
0 Hz.
Range is 0.00 to 400.0 Hz

✘ ✔ 0.00 0.00 0.00 Hz >b007 IPS

F      0000.00Hz

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

Output frequency

Constant torque

Reduced
torque

B013=01

B013=00

Trip current 
reduction 

factor
x 1.0

x 0.8

x 0.6

0 5 20 60 120
Hz
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The torque developed in a motor is directly proportional to the current in the windings, which is 
also proportional to the heat generated (and temperature, over time). Therefore, you must set 
the thermal overload threshold in terms of current (amperes) with parameter B012. The range is 
50% to 120% of the rated current for each inverter model. If the current exceeds the level you 
specify, the inverter will trip and log an event (error E5) in the history table. The inverter turns 
the motor output OFF when tripped. Separate settings are available for the second and third 
motors (if applicable), as shown in the table below.

For example, suppose you have inverter model 
L300P-110LFU2. The rated motor current is 
44A. The setting range is (0.2 * 44) to (1.2 *44), 
or 8.8A to 52.8A. For a setting of B012 = 44A 
(current at 100%) and output frequency = 60Hz, 
the figure to the right shows the curve.

The electronic thermal characteristic adjusts the 
way the inverter calculates thermal heating, 
based on the type of load connected to the motor, 
as set by parameter B013.

CAUTION: When the motor runs at lower 
speeds, the cooling effect of the motor’s internal 
fan decreases.

The table below shows the torque profile settings. Use the one that matches your load.

Reduced Torque Characteristic – The left graph below shows the effect of the reduced torque 
characteristic curve. For example, at 20Hz, the output current level to cause overheating in a 
fixed time period is reduced by a factor of 0.8. The right graph below shows the reduced trip 
current levels in those conditions for given trip times. 

Function
Code Function/Description Data or Range

B012 / B212 Electronic thermal setting (calculated 
within the inverter from current output) 

Range is 0.2 * rated current to
1.2 * rated current

Function Code Data Function/Description

B013 / B213

00 Reduced torque

01 Constant torque

02 Free-setting

Trip
time (s)

Trip current at 60 Hz

60

0.5

0
53.4 69 92

A

116% 150% 200%

Trip
time (s)

Reduced trip current at 20 Hz

Trip current 
reduction 

factor

x 1.0

x 0.8

x 0.6

0
5 20 60

Hz A

60

0.5

0
73.642.7 55.2

92.8% 120% 160%
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Constant Torque Characteristic – The left graph below shows the effect of the constant 
torque characteristic curve. For example, at 2.5Hz, the output current level to cause overheating 
in a fixed time period is reduced by a factor of 0.9. The right graph below shows the reduced 
trip current levels in those conditions for given trip times.

Free Thermal Characteristic - It is possible to set the electronic thermal characteristic using a 
free-form curve defined by three data points, according to the table below.

The left graph below shows the region for possible free-setting curves. The right graph below 
shows an example curve defined by three data points specified by B015 – B020.

Function
Code

Name Description Range

B015 / B017 /
B019

Free-setting electronic 
thermal frequency 1, 2, 3

Data point coordinates for Hz axis 
(horizontal) in the free-form curve

0 to 400Hz

B016 / B018 /
B020

Free setting electronic 
thermal current 1, 2, 3

Data point coordinates for Ampere 
axis (vertical) in the free-form curve

0.0 = (disable)
0.1 to 1000.

Trip
time (s)

Reduced trip current at 2.5 Hz

Trip current 
reduction 

factor
x 1.0

x 0.9

x 0.8

0
2.5 5 60

Hz A

60

0.5

0
82.847.8 62.1

104% 135% 180%

Output
current (A)

Setting range

max. freq.

B020

B018

B016

B015 B017 B019 Ax04

Trip current 
reduction 

factor

Output freq.

x 1.0

x 0.8

0
5 400

Hz Hz0
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Suppose the electronic thermal setting (B012) is set to 44 Amperes. The left graph below shows 
the effect of the free setting torque characteristic curve. For example, at (B017) Hz, the output 
current level to cause overheating in a fixed time period is reduced by a factor of (B018). The 
right graph below shows the reduced trip current levels in those conditions for given trip times.

Any intelligent output terminal may be programmed to indicate a thermal warning [THM]. 
Parameter C061 determines the warning threshold. Please see “Thermal Warning Signal” on 
page 4–47 for more details.

Trip
time (s)

(x) = B018 value x 116%
(y) = B018 value x 120%
(z) = B018 value x 150%

Reduced trip current at (B017) Hz

60

0

0.5

(x) (y) (z)
A

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B012 Level of electronic 
thermal setting

Set a level between 50% and 
120% of the inverter rated 
current

✘ ✔ rated current for 
each inverter model

% >b012 E-THM

LEVEL    0016.5A

B212 Level of electronic 
thermal setting, 2nd 
motor

Set a level between 50% and 
120% of the  inverter rated 
current

✘ ✔ rated current for 
each inverter model

% >b212 2E-THM

LEVEL    0016.5A

B013 Electronic thermal 
characteristic

Select from three curves, 
option codes:
00 Reduced torque
01 Constant torque
02 V/f free-setting

✘ ✔ 01 00 00 — >b013 E-THM

CHAR        CRT

B213 Electronic thermal 
characteristic, 2nd 
motor

Select from three curves, 
option codes:
00 Reduced torque
01 Constant torque
02 V/f free-setting

✘ ✔ 01 00 00 — >b213 2E-THM

CHAR        CRT

B015 Free setting, electronic 
thermal frequency (1) 

Range is 0.0 to 400.0 Hz ✘ ✔ 0. 0. 0. Hz >b015 E-THM

F1        0000Hz

B016 Free setting, electronic 
thermal current (1)

Range is 0.0 to 1000. A ✘ ✔ 0.0 0.0 0.0 A >b016 E-THM

A1       0000.0A

B017 Free setting, electronic 
thermal frequency (2)

Range is 0.0 to 400.0 Hz ✘ ✔ 0. 0. 0. Hz >b017 E-THM

F2        0000Hz

B018 Free setting, electronic 
thermal current (2)

Range is 0.0 to 1000. A ✘ ✔ 0.0 0.0 0.0 A >b018 E-THM

A2       0000.0A

B019 Free setting, electronic 
thermal frequency (3)

Range is 0.0 to 400.0 Hz ✘ ✔ 0. 0. 0. Hz >b019 E-THM

F3        0000Hz

B020 Free setting, electronic 
thermal current (3)

Range is 0.0 to 1000. A ✘ ✔ 0.0 0.0 0.0 A >b020 E-THM

A3       0000.0A
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Overload
Restriction

If the inverter’s output current exceeds a 
preset current level you specify during 
acceleration or constant speed, the 
overload restriction feature automati-
cally reduces the output frequency to 
restrict the overload. This feature does 
not generate an alarm or trip event. You 
can instruct the inverter to apply 
overload restriction only during 
constant speed, thus allowing higher 
currents for acceleration. Or, you may 
use the same threshold for both acceler-
ation and constant speed. In the case of 
controlled deceleration, the inverter monitors both output current and DC bus voltage.  The 
inverter will increase output frequency to try to avoid a trip due to over-current or over-voltage 
(due to regeneration).

When the inverter detects an overload, it must decelerate the motor to reduce the current until it 
is less than the threshold. You can choose the rate of deceleration that the inverter uses to lower 
the output current. 

Motor 
Current

Output
Frequency

B023

B022

t

restriction area

0
t

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B021 Overload restriction 
operation mode

Select the operating mode 
during overload conditions, 
three options, option codes:
00 Disabled
01 Enabled for acceleration 

and constant speed
02 Enabled for constant 

speed only

✘ ✔ 01 01 01 — >b021 OLOAD

1MODE        ON

B022 Overload restriction 
setting

Sets the level for overload 
restriction, between 50% 
and 150% of the rated 
current of the inverter, 
setting resolution is 1% of 
rated current

✘ ✔ rated 
cur-
rent 

times 
1.20

rated 
cur-
rent 

times 
1.10

rated 
cur-
rent 

times 
1.20

A >b022 OLOAD

1LEVEL   0024.8A

B023 Deceleration rate at 
overload restriction

Sets the deceleration rate 
when inverter detects 
overload, range is 0.1 to 
30.0, resolution is 0.1.

✘ ✔ 1.00 15.0 1.00 sec. >b023 OLOAD

1CONST     01.00

B024 Overload restriction 
operation mode (2)

Select the operating mode 
during motor overload 
conditions, four options,  
option codes:
00 Disabled
01 Enabled for acceleration 

and constant speed
02 Enabled for constant 

speed only
03 Enabled for accel, decel, 

and constant speed

✘ ✔ 01 01 01 — >b024 OLOAD

2MODE        ON
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NOTE: Two sets of overload restriction parameters are available. The set that is in use may be 
selected by means of an intelligent input terminal (see “Overload Restriction” on page 4–32).

B025 Overload restriction 
setting (2)

Sets the level for overload 
restriction (2), between 50% 
and 150% of the rated 
current of the inverter, 
setting resolution is 1% of 
rated current

✘ ✔ rated current times 
1.20

A >b025 OLOAD

2LEVEL   0024.8A

B026 Deceleration rate at 
overload restriction (2)

Sets the deceleration rate (2) 
when inverter detects 
overload, range is 0.1 to 
30.0, resolution is 0.1.

✘ ✔ 1.00 1.00 1.00 sec. >b026 OLOAD

2CONST     01.00

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)
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Software Lock 
Mode

The software lock function keeps personnel from accidentally changing parameters in the 
inverter memory. Use B031 to select from various protection levels.

The table below lists all combinations of B031 option codes and the 
ON/OFF state of the [SFT] input. Each Check ✔ or Ex ✘ indicates 
whether the corresponding parameter(s) can be edited. The Standard 
Parameters column below lists Low and High level access for some 
lock modes. These refer to the parameter tables throughout this 
chapter, each of which includes a column titled Run Mode Edit as 
shown to the right. The two marks (Check ✔ or Ex ✘) under the “Lo 
Hi” subtitle indicate whether Low-level and/or High-level access 
applies to each parameter as defined in the table below. In some lock modes, you can edit only 
F001 and the Multi-speed parameter group that includes A020, A220, A320, A021–A035, and 
A038 (Jog). However, it does not include A019, Multi-speed operation selection. The editing 
access to B031 itself is unique, and is specified in the right-most two columns below.

NOTE: Since the software lock function B031 is always accessible when the motor is stopped, 
this feature is not the same as password protection used in other industrial control devices.

NOTE: To disable parameter editing when using B031 lock modes 00 and 01, assign the [SFT] 
function to one of the intelligent input terminals. See “Software Lock” on page 4–24.

B031 
Lock 
Mode

[SFT] 
Intelligent 

Input

Standard Parameters
F001 and 

Multi-speed
B031

Stop Run Stop or Run Stop Run

00 OFF ✔ Low-level ✔ ✔ ✘

ON ✘ ✘ ✘ ✔ ✘

01 OFF ✔ Low-level ✔ ✔ ✘

ON ✘ ✘ ✔ ✔ ✘

02 (ignored) ✘ ✘ ✘ ✔ ✘

03 (ignored) ✘ ✘ ✔ ✔ ✘

10 (ignored) ✔ High-level ✔ ✔ ✔

Run 
Mode 
Edit

Lo Hi

✘ ✔

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B031 Software lock mode 
selection

Prevents parameter changes 
in five options:
00 Low-level access, [SFT] 

input blocks all edits
01 Low-level access, [SFT] 

input blocks edits 
(except F001 and Multi-
speed parameters)

02 No access to edits
03 No access to edits except 

F001 and Multi-speed 
parameters

10 High-level access, 
including B031

✘ ✔ 01 01 01 — >b031 S-LOCK

Mode        MD1
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Miscellaneous 
Settings

The miscellaneous settings include scaling factors, initialization modes, and others. This 
section covers some of the most important settings you may need to configure.

Function Code Display Restriction – The inverter has the (optional) capability to suppress the 
display and editing of certain parameters. Use B037 to select the display options. The purpose 
of this feature is to hide particular secondary parameters that become unused or not applicable 
based on more fundamental parameter settings. For example, setting A001 = 01 configures the 
inverter to get its frequency command from the front keypad potentiometer. In this case, the 
inverter will not use the analog inputs nor their adjustment parameters for an external frequency 
command.

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B034 Run/power-on warning 
time

Range is 0 to 65,530 hours ✘ ✔ 0. 0. 0. hrs. >b034 TIME

WARN       00000

B035 Rotational direction 
restriction

Three option codes:
00 Enable for both dir.
01 Enable for forward only
02 Enable for reverse only

✘ ✘ 00 00 00 — >b035 LIMIT

F/R         FREE

B036 Reduced voltage start 
selection

Seven option codes:
00 Short
01, 02, 03, 04, 05 (middle)
06 Long

✘ ✔ 06 06 06 — >b036 RVS

ADJUST        06

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B037 Function code display 
restriction

Three option codes:
00 Display all
01 Display only utilized 

functions (see table 
below)

02 Display user-selected 
functions only (con-
figure with U01 to U12)

✘ ✔ 00 00 00 — >b037 DISP

Mode    ALL

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 266 of 2133



L300P Inverter

C
onfiguring D

rive 
P

aram
eters

3–37

For example, you can set B037=01 to have the inverter suppress the displaying of all analog 
input parameters when A001=01, as shown in the first row of the following table.

Function 
Code

Data
Resulting Non-displayed 

Functions (when B37 = 01)
Notes

A001 01 A005, A006, A011 – A016, 
A101–A105, A111 – A114, 
C081 – C083, C121 – C123

[O], [OI], [O2] terminal 
functions

A002 01, 03, 04, 
05

B087 Stop key function

A019 00 A028 – A035 Multi-speed function

C001 – C005 02, 03, 04, 
05

A044, A244 02 B100 – B113 Control methods

A051 01 A052 – A059 DC braking

A071 01 A072 – A076, C044 PID function

A094 01 A095 – A096 2-stage adjustable frequency

A294 01 A0295 – A296

B013, B213 02 B015 – B020 Electric thermal characteris-
tic

B021 01, 02 B022, B023 Overload restriction

B024 01, 02 B025, B026 Overload restriction 2

B095 01, 02 B090 – B096 Dynamic braking function

C001 – C005

06 A038, A039 Jogging

08

A203, A204, A220, A241 – 
A244, A261, A262, A292, A293 
– A296, B212, B213, H203, 
H204, H206

2nd motor control

11 B088 Free-run stop

18 C102 Reset

27, 28, 29 C101 UP/DWN

A094 01 A131 Select method to switch to 
second accel/decel profile

A294 01 A095, A096 Select method to switch to 
second accel/decel profile, 
2nd motor

A097 01, 02, 03 A131 Acceleration pattern 
constant

A098 01, 02, 03 A132 Deceleration pattern 
constant

B098 01, 02 B099, C085 Thermistor function

C021, C022, 
C026

02, 06 C042, C043 Frequency arrival signal
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Miscellaneous functions, continued...

B083: Carrier frequency adjustment – The internal switching frequency of the inverter 
circuitry (also called the chopper frequency). It is called the carrier frequency because the 
lower AC output frequency of the inverter “rides” the carrier. The faint, high-pitched sound 
you hear when the inverter is in Run Mode is characteristic of switching power supplies in 
general. The carrier frequency is adjustable from 500 Hz to 12 kHz (the upper limit varies, 
depending on the inverter rating). The audible sound decreases at the higher frequencies, but 
RFI noise and leakage current may be increased. Refer to the specification derating curves in 
Chapter 1 to determine the maximum allowable carrier frequency setting for your particular 
inverter and environmental conditions.

NOTE: The carrier frequency setting must stay within specified limits for inverter-motor appli-
cations that must comply with particular regulatory agencies. For example, a European CE-
approved application requires the inverter carrier to be less than 5 kHz.

B084, B085: Initialization codes – These functions allow you to restore the factory default 
settings. Please refer to “Restoring Factory Default Settings” on page 6–9.

B086: Frequency display scaling – You can convert the output frequency monitor on D001 to 
a scaled number (engineering units) monitored at function D007. For example, the motor may 
run a conveyor that is monitored in feet per minute. Use this formula:

Scaled output frequency (D007) Output frequency (D001) Factor (B086)×=

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B080 [AM] terminal analog 
meter adjustment

Adjust 8-bit gain to analog 
meter connected to terminal 
[AM], range is 0 to 255

✔ ✔ 180 180 180 — >b080 AM-MONITOR

ADJUST       180

B081 [FM] terminal analog 
meter adjustment

Adjust 8-bit gain to analog 
meter connected to terminal 
[FM], range is 0 to 255

✔ ✔ 60 60 60 — >b081 FM-MONITOR

ADJUST       060

B082 Start frequency adjust-
ment

Sets the starting frequency 
for the inverter output, range 
is 0.10 to 9.99 Hz

✘ ✔ 0.50 0.50 0.50 Hz >b082 fmin

F        00.50Hz

B083 Carrier frequency 
setting

Sets the PWM carrier (inter-
nal switching frequency). 
Range is 0.5 to 8.0 kHz for
–015xxx to –750xxx models
and 0.5 to 12.0 kHz for
–900Hxx to 1320Hxx

✘ ✔ 3.0 3.0 3.0 kHz >b083 CARRIER

F        05.0kHz

B084 Initialization mode 
(parameters or trip 
history)

Select the type of initializa-
tion to occur, three option 
codes:
00 Trip history clear
01 Parameter initialization
02 Trip history clear and 

parameter initialization

✘ ✘ 00 00 00 — >b084 INITIAL

MODE    TRP
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B085 Country code for initial-
ization

Select default parameter 
values for country on initial-
ization, four option codes:
00 Japan version
01 Europe version
02 US version
03 reserved (do not set)

✘ ✘ 01 02 00 — >b085 INITIAL

SELECT       USA

B86 Frequency scaling 
conversion factor

Specify a constant to scale 
D007 to display in engineer-
ing units.
Range is 0.1 to 99.9

✔ ✔ 1.0 1.0 1.0 — >b086 F-CONV

Gain       001.0

B087 STOP key enable Select whether the STOP 
key on the keypad is enabled 
(req. A002=01, 03, 04, or 
05). Two option codes:
00 Enable
01 Disable

✘ ✔ 00 00 00 — >b087 STOP-SW

SELECT       ON

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)
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Miscellaneous functions, continued...

B091/B088: Stop Mode / Restart Mode Configuration – You can configure how the inverter 
performs a standard stop (each time Run FWD and REV signals turn OFF). Setting B091 deter-
mines whether the inverter will control the deceleration, or whether it will perform a free-run 
stop (coast to a stop). When using the free-run stop selection, it is imperative to also configure 
how you want the inverter to resume control of motor speed. Setting B088 determines whether 
the inverter will ensure the motor always resumes at 0 Hz, or whether the motor resumes from 
its current coasting speed (also called frequency matching). The Run command may turn OFF 
briefly, allowing the motor to coast to a slower speed from which normal operation can resume.

In most applications a controlled deceleration is desirable, corresponding to B091=00. 
However, applications such as HVAC fan control will often use a free-run stop (B091=01). This 
practice decreases dynamic stress on system components, prolonging system life. In this case, 
you will typically set B088=01 in order to resume from the current speed after a free-run stop 
(see diagram below, right). Note that using the default setting, B088=00, can cause trip events 
when the inverter attempts to force the load quickly to zero speed.

NOTE: Other events can cause (or be configured to cause) a free-run stop, such as power loss 
(see “Automatic Restart Mode and Phase Loss” on page 3–28), and inverter trip events in 
general (see “Miscellaneous Functions” on page 3–55). If all free-run stop behavior is impor-
tant to your application (such as HVAC), be sure to configure each event accordingly.

Some additional parameters further configure all instances of a free-run stop. Parameter B003, 
Retry Wait Time Before Motor Restart, sets the minimum time the inverter will free-run. For 
example, if B003 = 4 seconds (and B091=01) and the cause of the free-run stop lasts 10 
seconds, the inverter will free-run (coast) for a total of 14 seconds before driving the motor 
again. Parameter B007, Restart Frequency Threshold, sets the motor frequency at which the 
inverter will no longer resume and accelerate, instead resuming from 0 Hz (complete stop).

2

Motor 
speed

[FW, RV]

Zero-frequency start
Motor 
speed

Resume from current speed

wait time

[FW, RV]

B003

B088=01B088=00 Resume from 0Hz

B091=01 Stop Mode = free-run stopB091=01 Stop Mode = free-run stop

t t

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B088 Restart mode after FRS Selects how the inverter 
resumes operation when the 
free-run stop (FRS) is 
cancelled, two option codes:
00 Restart from 0Hz
01 Restart from frequency  

detected from actual 
speed of motor

✘ ✔ 00 00 00 — >b088 RUN

FRS          ZST
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B090: Dynamic braking usage ratio – This parameter limits the amount of time the inverter 
can use the dynamic braking accessory device without entering the Trip Mode. Please refer to 
“Dynamic Braking” on page 5–6 for more information on dynamic braking accessories.

NOTE: When cooling fan control is enabled (B092=01) the inverter always turns the fan ON 
for 5 minutes immediately after powerup. This will cool the inverter in case the inverter / motor 
is still warm from prior running before a short power outage.

B090 Dynamic braking usage 
ratio

Selects the braking duty 
cycle for the dynamic 
braking resistor (total brake 
% ON-time per 100 sec. 
interval).
Range is 0.0 to 100.0%
0%Dynamic braking 

disabled
>0% Enabled, per value

✘ ✔ 00 00 00 — >b090 BRD

%ED       000.0%

B091 Stop mode selection Selects how the inverter 
normally stops the motor 
(Run command or signal 
goes OFF)
Two option codes:
00 DEC (decelerate and 

stop)
01 FRS (free-run to stop)

✘ ✘ 00 00 00 — >b091 RUN

STOP         DEC

B092 Cooling fan control
(see note below)

Two option codes:
00 Fan always ON
01 Fan ON during RUN, 

OFF during STOP

✘ ✘ 00 00 00 — >b092 INITIAL

FAN-CTL      OFF

B095 Dynamic braking 
control

Three option codes:
00 Disable
01 Enable during RUN only
02 Enable always

✘ ✔ 00 00 00 — >b095 BRD

Mode   OFF

B096 Dynamic braking 
activation level

Range is:
330 to 380V (200V class),
660 to 760V (400V class)

✘ ✔ 360/
720

360/
720

360/
720

V >b096 BRD

LEVEL     360Vdc

B098 Thermistor for thermal 
protection control

Three option codes:
00 Disable
01 Enable-PTC thermistor
02 Enable-NTC thermistor

✘ ✔ 00 00 00 — >b098 THERM

SELECT       OFF

B099 Thermal protection 
level setting

Thermistor resistance 
threshold at which trip 
occurs.
Range is 0.0 to 9999 Ohms

✘ ✔ 3000 3000 3000 Ohms >b099 THERM

LEVEL    3000ohm

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)
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Free-setting
V/f Pattern

The free-setting V/f inverter mode of operation uses voltage and frequency parameter pairs to 
define seven points on a V/f graph. This provides a way to define a multi-segment V/f curve 
that best suits your application.

The frequency settings do require that F1 ≤ F2 ≤ F3 ≤ F4 ≤ F5 ≤ F6 ≤ F7; their values must have 
this ascending order relationship. To satisfy this criterion during initial parameter editing, set 
F7 (B012) and work backwards when setting these values, since the defaults are all 0 Hz. 
However, the voltages V1 to V7 may either increase or decrease from one to the next. There-
fore, you may set these parameters in any order.

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

B100 Free-setting V/f
frequency (1)

V/f point 1, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b101 FREE-V/F

V1        000.0V

B101 Free-setting V/f
voltage (1)

V.F point 1, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b102 FREE-V/F

F1        0000Hz

B102 Free-setting V/f
frequency (2)

V/f point 2, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b103 FREE-V/F

V2        000.0V

B103 Free-setting V/f
voltage (2)

V.F point 2, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b104 FREE-V/F

F2        0000Hz

B104 Free-setting V/f
frequency (3)

V/f point 3, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b105 FREE-V/F

V3        000.0V

B105 Free-setting V/f
voltage (3)

V.F point 3, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b106 FREE-V/F

F3        0000Hz

B106 Free-setting V/f
frequency (4)

V/f point 4, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b107 FREE-V/F

V4        000.0V

B107 Free-setting V/f
voltage (4)

V.F point 4, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b108 FREE-V/F

F4        0000Hz

B108 Free-setting V/f
frequency (5)

V/f point 5, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b109 FREE-V/F

V5        000.0V

B109 Free-setting V/f
voltage (5)

V.F point 5, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b110 FREE-V/F

F5        0000Hz

B110 Free-setting V/f
frequency (6)

V/f point 6, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b111 FREE-V/F

V6        000.0V

B111 Free-setting V/f
voltage (6)

V.F point 6, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b112 FREE-V/F

F6        0000Hz

B112 Free-setting V/f
frequency (7)

V/f point 7, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b113 FREE-V/F

V7        000.0V

B113 Free-setting V/f
voltage (7)

V.F point 7, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b114 FREE-V/F

F7        0000Hz
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“C” Group: Intelligent Terminal Functions
The five input terminals [1], [2], [3], [4], and [5] can be configured for any of 33 different 
functions (34 functions for –xFE2/–xFU2 models). The next two tables show how to configure 
the five terminals. The inputs are logical, in that they are either OFF or ON. We define these 
states as OFF=0, and ON=1.

The inverter comes with default options for the five terminals. These default settings are 
initially unique, each one having its own setting. Note that European and US versions have 
different default settings. You can use any option on any terminal.

Input Terminal 
Configuration

Functions and Options – The function codes in the following table let you assign one of 33
(or 34) options to any of the five logic inputs for the L300P inverters. The functions C001 
through C005 configure the terminals [1] through [5] respectively. The “value” of these partic-
ular parameters is not a scalar value, but it is a discrete number that selects one option from 
many available options.

For example, if you set function C001=01, you have assigned option 01 (Reverse Run) to 
terminal [1]. The option codes and the specifics of how each one works are in Chapter 4.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C001 Terminal [1] function

33 programmable 
functions

(34 functions for
–xFE2/–xFU2 

models) available for 
terminals (see next 

section)

✘ ✔ 18
[RS]

18
[RS]

18
[RS]

— >C001 IN-TM

1          RS

C002 Terminal [2] function ✘ ✔ 16
[AT]

16
[AT]

16
[AT]

— >C002 IN-TM

2          AT

C003 Terminal [3] function ✘ ✔ 03
[CF2]

13
[USP]

03
[CF2]

— >C003 IN-TM

3          JG

C004 Terminal [4] function ✘ ✔ 02
[CF1]

02
[CF1]

02
[CF1]

— >C004 IN-TM

4          FRS

C005 Terminal [5] function ✘ ✔ 01
[RV]

01
[RV]

01
[RV]

— >C005 IN-TM

5          2CH
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The input logic convention is programmable for each of the six inputs. Most inputs default to 
normally open (active high), but you can select normally closed (active low) in order to invert 
the sense of the logic.

NOTE: An input terminal configured for option code 18 ([RS] Reset command) cannot be 
configured for normally closed operation.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C011 Terminal [1] active state

Select logic convention, two 
option codes:
00 normally open N.O.
01 normally closed N.C.

✘ ✔ 00 00 00 — >C011 IN-TM

O/C-1         NO

C012 Terminal [2] active state ✘ ✔ 00 00 00 — >C012 IN-TM

O/C-2         NO

C013 Terminal [3] active state ✘ ✔ 00 01 00 — >C013 IN-TM

O/C-3         NO

C014 Terminal [4] active state ✘ ✔ 00 00 00 — >C014 IN-TM

O/C-4         NO

C015 Terminal [5] active state ✘ ✔ 00 00 00 — >C015 IN-TM

O/C-5         NO

C019 Terminal [FW] active 
state

✘ ✔ 00 00 00 — >C019 IN-TM

O/C-FW        NO
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Intelligent Input 
Terminal 
Overview

Each of the five intelligent terminals may be assigned any of the options in the following table. 
When you program one of the option codes for terminal assignments C001 to C005, the respec-
tive terminal assumes the function role of that option code. The terminal functions have a 
symbol or abbreviation that we use to label a terminal using that function. For example the 
“Reverse Run” command is [RV]. The physical label on the terminal block connector is simply 
1, 2, 3, 4, or 5. However, schematic examples in this manual also use the terminal function 
symbol (such as [RV]) to show the assigned option. The option codes for C011 to C015 and 
C019 determine the active state of the logical input (active high or active low).

Summary Table - This table shows all thirty-three intelligent input functions at a glance. 
Detailed descriptions of these functions, related parameters and settings, and example wiring 
diagrams are in “Using Intelligent Input Terminals” on page 4–10.

Input Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description

01 RV Reverse Run/Stop ON Inverter is in Run Mode, motor runs reverse

OFF Inverter is in Stop Mode, motor stops

02 CF1 Multi-speed select,
Bit 0 (LSB)

ON Binary encoded speed select, Bit 0, logical 1

OFF Binary encoded speed select, Bit 0, logical 0

03 CF2 Multi-speed select,
Bit 1

ON Binary encoded speed select, Bit 1, logical 1

OFF Binary encoded speed select, Bit 1, logical 0

04 CF3 Multi-speed select,
Bit 2

ON Binary encoded speed select, Bit 2, logical 1

OFF Binary encoded speed select, Bit 2, logical 0

05 CF4 Multi-speed select,
Bit 3 (MSB)

ON Binary encoded speed select, Bit 3, logical 1

OFF Binary encoded speed select, Bit 3, logical 0

06 JG Jogging ON Inverter is in Run Mode, output to motor runs at jog 
parameter frequency A038

OFF Inverter is in Stop Mode

07 DB External DC Braking ON DC braking will be applied during deceleration

OFF DC braking will not be applied

08 SET Set (select) 2nd Motor 
Data

ON The inverter uses 2nd motor parameters for generat-
ing frequency output to motor

OFF The inverter uses 1st (main) motor parameters for 
generating frequency output to motor

09 2CH 2-stage Acceleration 
and Deceleration

ON Frequency output uses 2nd-stage acceleration and 
deceleration values

OFF Frequency output uses standard acceleration and 
deceleration values

11 FRS Free-run Stop ON Causes output to turn OFF, allowing motor to free run 
(coast) to stop

OFF Output operates normally, so controlled deceleration 
stops motor

12 EXT External Trip ON When assigned input transitions OFF to ON, inverter 
latches trip event and displays E12

OFF No trip event for ON to OFF transition; any recorded 
trip events remain in history until Reset

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 275 of 2133



“C” Group: Intelligent Terminal Functions

C
on

fig
ur

in
g 

D
riv

e 
P

ar
am

et
er

s
3–46

13 USP Unattended Start 
Protection

ON ON powerup, the inverter will not resume a Run 
command (mostly used in the US)

OFF ON powerup, the inverter will resume a RUN 
command that was active before power loss

14 CS Commercial Power 
Source

ON OFF-to-ON transition signals the inverter that the 
motor is already running at powerup (via bypass), 
thus suppressing the inverter’s motor output in Run 
Mode

OFF ON-to-OFF transition signals the inverter to apply a 
time delay (B003), frequency match its output to 
existing motor speed, and resume normal Run Mode 
operation

15 SFT Software Lock ON The keypad and remote programming devices are 
prevented from changing parameters

OFF The parameters may be edited and stored

16 AT Analog Input Voltage/
current Select

ON Terminal [OI] is enabled for current input (uses 
terminal [L] for signal return)

OFF Terminal [O] is enabled for voltage input (uses 
terminal [L] for signal return)

18 RS Reset Inverter ON The trip condition is reset, the motor output is turned 
OFF, and powerup reset is asserted

OFF Normal power-on operation

20 STA START
(3-wire interface)

ON Starts the motor rotation

OFF No change to present motor status

21 STP STOP
(3-wire interface)

ON Stops the motor rotation

OFF No change to present motor status

22 F/R FWD, REV
(3-wire interface)

ON Selects the direction of motor rotation: ON = FWD.
While the motor is rotating, a change of F/R will start 
a deceleration, followed by a change in direction.

OFF Selects the direction of motor rotation: OFF =REV.
While the motor is rotating, a change of F/R will start 
a deceleration, followed by a change in direction.

23 PID PID Disable ON Temporarily disables PID loop control. Inverter 
output turns OFF as long as PID Enable is active 
(A071=1).

OFF Has no effect on PID loop operation, which operates 
normally if PID Enable is active (A071 = 1).

24 PIDC PID Reset ON Resets the PID loop controller. The main conse-
quence is that the integrator sum is forced to zero.

OFF No effect on PID loop controller

27 UP Remote Control 
UP Function (motor-
ized speed pot.)

ON Accelerates (increases output frequency) motor from 
current frequency

OFF No change to output frequency

Input Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description
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Note 1: To ensure safe inverter operation in networked applications, you cannot change an 
intelligent terminal assignment to/from [ROK] (option code 49) via the network. 
However, you can still read an [ROK] input assignment over the network.

28 DWN Remote Control 
DOWN Function 
(motorized speed pot.)

ON Decelerates (decreases output frequency) motor from 
current frequency

OFF No change to output frequency

29 UDC Remote Control Data 
Clearing

ON Clears the UP/DWN frequency memory by forcing it 
to equal the set frequency parameter F001. Setting 
C101 must be set=00 to enable this function to work.

OFF UP/DWN frequency memory is not changed

31 OPE Operator Control ON Forces the source of the output frequency setting 
(A001) and the source of the RUN command (A002) 
to be from the digital operator

OFF Source of output frequency set by (A001) and source 
of run command set by (A002) is used

32 SF1 Multispeed bit 1 ON Logical 1

OFF Logical 0

33 SF2 Multispeed bit 2 ON Logical 1

OFF Logical 0

34 SF3 Multispeed bit 3 ON Logical 1

OFF Logical 0

35 SF4 Multispeed bit 4 ON Logical 1

OFF Logical 0

36 SF5 Multispeed bit 5 ON Logical 1

OFF Logical 0

37 SF6 Multispeed bit 6 ON Logical 1

OFF Logical 0

38 SF7 Multispeed bit 7 ON Logical 1

OFF Logical 0

39 OLR Overload restriction ON Selects current overload parameter set 2
(B024, B025, B026)

OFF Selects current overload parameter set 1
(B021, B022, B023)

49 ROK
*1

Run Enable for FW/RV
(–xFU2 and –xFE2 
models only)

ON [FW] and [RV] inputs and operator Run key press 
operate normally

OFF [FW] and [RV] inputs and operator Run key press are 
ignored; inverter output remains OFF

no — Not selected ON (input ignored)

OFF (input ignored)

Input Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description
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Output Terminal 
Configuration

The inverter provides configuration for logic (discrete) and analog outputs, shown in the table 
below.

The output logic convention is programmable for terminals [11], [12], and the alarm relay 
terminals. The relay output terminals [11] and [12] default to normally open (active low), but 
you can select normally closed (active high) for the terminals in order to invert the sense of the 
logic. You can invert the logical sense of the alarm relay output as well.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C021 Terminal [11] function 12 programmable 
functions

(13 functions for
–xFE2/–xFU2 

models) available for 
logic (discrete) 

outputs (see next 
section)

✘ ✔ 01
[FA1]

01
[FA1]

01
[FA1]

— >C021 OUT-TM

11           FA1

C022 Terminal [12] function ✘ ✔ 00
[RUN]

00
[RUN]

00
[RUN]

— >C022 OUT-TM

12           RUN

C026 Alarm relay terminal 
function

✘ ✔ 05
[AL]

05
[AL]

05
[AL]

— >C026 OUT-TM

AL           AL

C027 [FM] signal selection

7 programmable 
functions available 
for analog outputs

(see after next 
section)

✘ ✔ 00
output
freq.

00
output
freq.

00
output
freq.

— >C027 FM-MONITOR

KIND       A-F

C028 [AM] signal selection ✘ ✔ 00
output
freq.

00
output
freq.

00
output
freq.

— >C028 AM-MONITOR

KIND       A-F

C029 [AMI] signal selection ✘ ✔ 00
output
freq.

00
output
freq.

00
output
freq.

— >C029 AMI-MON

KIND       A-F

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C031 Terminal [11] active 
state

Select logic convention, 
two option codes:
00 normally open N.O.
01 normally closed N.C.

✘ ✔ 00 00 00 — >C031 OUT-TM

O/C-11        NO

C032 Terminal [12] active 
state

✘ ✔ 00 00 00 — >C032 OUT-TM

O/C-12        NO

C036 Alarm relay terminal 
active state

✘ ✔ 01 01 01 — >C036 OUT-TM

O/C-AL        NC
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Output Summary Table - This table shows all 12 functions (13 for –xFU2 models) for the 
logic outputs terminals [11] and [12] at a glance. Detailed function descriptions, related param-
eters and settings, and example wiring diagrams are in “Using Intelligent Output Terminals” on 
page 4–35.

Output Function Summary Table

Option
Code

Terminal 
Symbol Function Name Description

00 RUN Run signal ON Inverter is in Run Mode, motor running

OFF Inverter is in Stop Mode, motor stopped

01 FA1 Frequency arrival type 
1 – constant speed

ON when output to motor is at the standard set frequency 
F001

OFF when output to motor is not at the set frequency F001

02 FA2 Frequency arrival type 
2 – over-frequency

ON when output to motor is at or above the FA threshold 
1(C042) during accel

OFF when the output to motor is below the FA threshold 1 
(C043) during decel

03 OL Overload advance 
notice signal (1)

ON when output current is more than the set threshold for 
the overload signal (set with C041)

OFF when output current is less than the set threshold for 
the overload signal

04 OD Output deviation for 
PID control

ON when PID error is more than the set threshold for the 
deviation signal

OFF when PID error is less than the set threshold for the 
deviation signal

05 AL Alarm signal ON when the alarm condition has been met and not reset

OFF when the alarm had not tripped since the previous 
power cycle or since the previous keypad reset

06 FA3 Frequency arrival type 
3 – at frequency

ON when output to motor is at the FA threshold 1 (C042) 
during accel, or at C043 during decel

OFF when the output to motor is not at either the FA 
threshold 1 (C042) during accel or at C43 during 
decel

08 IP Instantaneous power 
failure signal

ON when the inverter input power has decreased below 
the acceptable input voltage level

OFF when the inverter input power is within rated range

09 UV Under-voltage signal ON when the inverter input power has decreased below 
the acceptable input voltage level

OFF when the inverter input power is within rated range

11 RNT Operation time over ON when the inverter Run time exceeds the limit set by 
Run/power-on warning time (B034)

OFF when the inverter Run time is less than the limit set by 
Run/power-on warning time (B034)

12 ONT Plug-in time over ON when the inverter plug-in time exceeds the set limit

OFF when the inverter plug-in time is less than the limit
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Note 1: To ensure safe inverter operation in networked applications, you cannot change an 
intelligent terminal assignment to/from [RMD] (option code 27) via the network. 
However, you can still read an [RMD] output assignment over the network.

Analog Summary Table - The following table shows all seven functions available for assign-
ment to the three analog output terminals [FM], [AM], [AMI] at a glance. Detailed descrip-
tions, related parameters and settings, and example wiring diagrams are in “Analog Output 
Operation” on page 4–54.

13 THM Thermal alarm signal ON when the thermal limit for the motor is exceeded

OFF when the thermal limit is not exceeded

27 RMD
*1

Run command source 
monitor
(–xFU2 and –xFE2 
models only)

ON when the Run command source is the operator keypad 
(A002=02)

OFF when the Run command source is not the operator 
keypad (A002=01, 03, 04, or 05)

Output Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description

Analog Output Function Summary Table

Option
Code

Function Name Description Corresponding Signal 
Range

00 Output frequency Actual motor speed, represented by PWM 
signal 

0 to max. frequency in Hz

01 Output current Motor current (% of maximum rated output 
current), represented by PWM signal

0 to 200%

03 Digital output 
frequency

Output frequency (available only at FM 
output)

0 to max. frequency in Hz

04 Output voltage Rated output voltage to motor 0 to 100%

05 Input power Rated input power 0 to 200%

06 Electronic thermal 
overload

Percentage of electronic overload attained 0 to 100%

07 LAD frequency Internal ramp generator frequency 0 to max. frequency in Hz
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Output Function 
Adjustment 
Parameters

The following parameters work in 
conjunction with the intelligent output 
function, when configured. The 
overload level parameter (C041) sets the 
motor current level at which the 
overload signal [OL] turns ON. The 
range of settings is from 0% to 200% of 
the rated current for the inverter. This 
function is for generating an early 
warning logic output, without causing 
either a trip event or a restriction of the 
motor current (those effects are avail-
able on other functions).

The frequency arrival signal, [FA1] to 
[FA5], is intended to indicate when the 
inverter output has reached (arrived at) 
the target frequency. You can adjust the 
timing of the leading and trailing edges 
of the signal via two parameters specific 
to acceleration and deceleration ramps, 
C042 and C043.

The Error for the PID loop is the magni-
tude (absolute value) of the difference 
between the Setpoint (desired value) 
and Process Variable (actual value). The 
PID output deviation signal [OD] 
(output terminal function option code 
04) indicates when the error magnitude 
has exceeded a magnitude you define.

Motor 
current

Overload 
signal

C041

t

1
0

Output
frequency

Arrival 
signal

C042
C043

t

1
0

PID Error
(PV-SP)

Deviation 
Signal

C044

t

1
0

SP

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C040 Overload signal output 
mode

Choose when the overload 
signal is enabled; two option 
codes:
00 During accel/decel
01 During constant speed

✘ ✔ 01 01 01 — >CO40 OL

Mode         CRT

C041 Overload level setting Range is 0.00 * rated current 
to 2.00 * rated current

✘ ✔ Rated current for 
each inverter

A >C041 OL

LEVEL    0016.5A

C042 Frequency arrival 
setting for acceleration

Sets the frequency arrival 
setting threshold for the 
output frequency during 
acceleration

✘ ✔ 0.00 0.00 0.00 Hz >C042 ARV

ACC    0000.00Hz

C043 Arrival frequency 
setting for deceleration

Sets the frequency arrival 
setting threshold for the 
output frequency during 
deceleration

✘ ✔ 0.00 0.00 0.00 Hz >C043 ARV

DEC    0000.00Hz
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C044 PID deviation level 
setting

Sets the PID loop error 
threshold  |SP - PV| 
(absolute value) to trigger 
intelligent output [OD]. 
Range is 0.0 to 100%, 
resolution is 0.1%

✘ ✔ 3.0 3.0 3.0 % >C044 PID

LEVEL     003.0%

C061 Electronic thermal 
warning level setting

Sets the threshold for intelli-
gent output [THM].
Range is 0 to 100%

✘ ✔ 80. 80. 80. % >C061 E-THM

WARN        080%

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)
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Serial
Communications

The following table configures the communications port of the L300P inverter. You can have up 
to thirty-two devices on the serial communications network. The inverters are slaves and the 
computer or digital operator is the master. Thus, all inverters on the serial connection must use 
the same baud rate, data length, parity, and stop bits. However, each device on the serial 
network must have a unique node address. See “Serial Communications” on page B–1 for more 
information.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C070 Data command method Four option codes:
02 Digital operator
03 RS485
04 Expansion Card #1
05 Expansion Card #2

✘ ✘ 02 02 02 — >C070 PARAM

SELECT      REM

C071 Communication speed 
selection

Five option codes:
02 (Test)
03 2400bps
04 4800bps
05 9600bps
06 19200bps

✘ ✔ 04 04 04 bps >C071 RS485

BAU     4800bps

C072 Node allocation Set the address of the 
inverter on the network. 
Range is 1 to 32.

✘ ✔ 1. 1. 1. — >C072 RS485

ADDRESS       01

C073 Communication data 
length selection

Two option codes:
07 7-bit data
08 8-bit data

✘ ✔ 7 7 7 — >C073 RS485

BIT         7BIT

C074 Communication parity 
selection

Three option codes:
00 No parity
01 Even parity
02 Odd parity

✘ ✔ 00 00 00 — >C074 RS485

PARITY        NO

C075 Communication stop bit 
selection

Two option codes:
01 1 stop bit
02 2 stop bits

✘ ✔ 1 1 1 — >C075 RS485

STOPBIT     1BIT

C078 Communication wait 
time

Time the inverter waits after 
receiving a message before it 
transmits. Range is 0.0 to 
1000 ms

✘ ✔ 0. 0. 0. — >C078 RS485

WAIT      0000ms
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Analog Signal 
Calibration 
Settings

The functions in the following table configure the signals for the analog output terminals. Note 
that these settings do not change the current/voltage or sink/source characteristics – only the 
zero and span (scaling) of the signals.

NOTE: Settings C081, C082, C083, C121, C122, C123 are factory-calibrated for each inverter. 
Do not change these settings unless absolutely necessary. Note that if you restore factory 
defaults for all parameters, these settings will not change.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C081 [O] input span calibra-
tion

Range is 0 to 65530 ✔ ✔ Factory-calibrated — >C081 O-ADJUST

TOP        02119

C082 [OI] input span calibra-
tion

Range is 0 to 65530 ✔ ✔ Factory-calibrated — >C082 OI-ADJUST

TOP        02512

C083 [O2] input span calibra-
tion

Range is 0 to 65530 ✔ ✔ Factory-calibrated — >C083 O2-ADJUST

TOP        02818

C085 Thermistor input tuning Range is 0.0 to 1000 ✔ ✔ 105.0 105.0 105.0 — >C085 THERM

ADJUST    0105.0

C086 [AM] terminal offset 
tuning

Range is 0.0 to 10.0V ✔ ✔ 0.0 0.0 0.0 V >C086 AM-MONITOR

OFFSET     00.0V

C087 [AMI] terminal meter 
tuning

Range is 0.0 to 250% ✔ ✔ 80. 80. 80. % >C087 AMI-MON

ADJUST       080

C088 [AMI] terminal offset 
tuning

Range is 0 to 20mA ✔ ✔ Factory-calibrated mA >C088 AMI-MON

OFFSET    04.0mA

C121 [O] input zero calibra-
tion

Range is 0 to 6553 (65530) ✔ ✔ Factory-calibrated — >C121 O-ADJUST

ZERO       00000

C122 [OI] input zero calibra-
tion

Range is 0 to 6553 (65530) ✔ ✔ Factory-calibrated — >C122 OI-ADJUST

ZERO       00000

C123 [O2] input zero calibra-
tion

Range is 0 to 6553 (65530) ✔ ✔ Factory-calibrated — >C123 O2-ADJUST

ZERO       03622
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Miscellaneous 
Functions

The following table contains miscellaneous functions not in other function groups.

C102/C103: Reset Mode / Restart Mode – The reset mode selection, set via parameter C102, 
determines how the inverter responds to the [RS] intelligent input signal or keypad Stop/Reset 
key in a trip condition. The options allow you to cancel the trip on either the OFF-to-ON or 
ON-to-OFF transition of [RS], and if desired, stop the inverter if it is in Run Mode. A trip event 
causes the inverter output to the motor to turn OFF immediately. If in Run Mode when the trip 
occurred, the inverter and motor will enter free-run stop (coasting) operation. In some applica-
tions, the motor and load will still be coasting when the inverter returns to normal Run Mode 
operation. For that situation, you can configure the inverter output (C103=00) to resume opera-
tion from 0 Hz and accelerate normally. Or, you can configure the inverter (C103=01) to 
resume operation from the current speed of the motor (frequency matching)—often used in 
applications such as HVAC.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C091 Debug mode enable Two option codes:
00 Display
01 No display

✘ ✔ 00 00 00 — >C091 INITIAL

DEBG         OFF

C101 Up/Down memory 
mode selection

Controls speed setpoint for 
the inverter after power 
cycle. Two option codes:
00 Clear last frequency 

(return to default 
frequency F001)

01 Keep last frequency 
adjusted by UP/DWN

✘ ✔ 00 00 00 — >C101 UP/DWN

DATA      NO-STR

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

C102 Reset mode selection Determines response to 
Reset input [RS].
Three option codes:
00 Cancel trip state at input 

signal ON transition, 
Stops inverter if in Run 
Mode

01 Cancel trip state at signal 
OFF transition, Stops 
inverter if in Run Mode

02 Cancel trip state at input 
signal ON transition, no 
effect if in Run Mode

✔ ✔ 00 00 00 — >C102 RESET

SELECT       ON

C103 Restart mode after reset Two option codes:
00 Restart at 0 Hz
01 Resume operation after 

frequency matching

✘ ✔ 00 00 00 — >C103 RESET

f-Mode       ZST
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“H” Group: Motor Constants Functions
Introduction The “H” Group parameters configure the 

inverter for the motor characteristics. You 
must manually set H003 and H004 values 
to match the motor. The remaining H206 
parameters are factory-set. If you want to 
reset the parameters to the factory default 
settings, use the procedure in “Restoring 
Factory Default Settings” on page 6–9.

Output

V/f control,
 constant torque

V/f control,
variable torque

V/f control, free-
setting curve

Inverter Torque Control Algorithms

02

01

00
A044

“H” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

H003 Motor capacity, 1st 
motor

Select 0.2 to 75.0 kW for 
models up to –550xxx,
0.2 to 160.0 kW for models 
–900xxx to –1320xxx

✘ ✘ Factory set kW >H003 AUX

K       003.70kW

H203 Motor capacity, 2nd 
setting

Select 0.2 to 75.0 kW for 
models up to –550xxx,
0.2 to 160.0 kW for models 
–900xxx to –1320xxx

✘ ✘ Factory set kW >H203 2AUX

K       003.70kW

H004 Motor poles setting, 1st 
motor

Four selections:
2 / 4 / 6 / 8

✘ ✘ 4 4 4 Poles >H004 AUX

P             4P

H204 Motor poles setting, 2nd 
motor

Four selections:
2 / 4 / 6 / 8

✘ ✘ 4 4 4 Poles >H204 2AUX

P             4P

H006 Motor stabilization 
constant, 1st motor

Motor constant (factory set), 
range is 0 to 255

✔ ✔ 100. 100. 100. — >H006 AUX

KCD        00100

H206 Motor stabilization 
constant, 2nd motor

Motor constant (factory set), 
range is 0 to 255

✔ ✔ 100. 100. 100. — >H206 2AUX

KCD        00100
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“P” Group: Expansion Card Functions
The two (optional) expansion cards for the L300P have associated configuration data. The 
following table defines the functions and their value ranges. Please refer to the expansion card 
manual for more details.

NOTE: Parameters P044 to P049 are available only in inverters with manufacturing code 
x8K xxxxxx xxxxx or later. The manufacturing code is printed on the product specifications 
labels, located on the front and side of the inverter housing.

“P” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

P001 Operation mode on 
expansion card 1 error

Two option codes:
00 Trip (stop motor)
01 Continuous operation

✘ ✔ 00 00 00 — >P001 OPTION1

SELECT   TRP

P002 Operation mode on 
expansion card 2 error

Two option codes:
00 Trip (stop motor)
01 Continuous operation

✘ ✔ 00 00 00 — >P002 OPTION2

SELECT   TRP

P031 Accel/decel time input 
selection

Three options:
00 Inverter
01 Expansion card 1
02 Expansion card 2

✘ ✘ 00 00 00 — >P031 ACC/DEC

SELECT       REM

P044 DeviceNet comm 
watchdog timer

Range is 0.00 99.99 seconds ✘ ✘ 1.00 1.00 1.00 — >P044 DEVICENET

TIMER     01.00s

P045 Inverter action on 
DeviceNet comm error

Five options:
00 Trip
01 Decelerate and trip
02 Hold last speed
03 Free run stop
04 Decelerate and stop

✘ ✘ 01 01 01 — >P045 DEVICENET

T-OUT        FTP

P046 DeviceNet polled I/O: 
Output instance number

Three settings:
20, 21, 100

✘ ✘ 21 21 21 — >P046 DEVICENET

O-AS-INS     021

P047 DeviceNet polled I/O: 
Input instance number

Three settings:
70, 71, 101

✘ ✘ 71 71 71 — >P047 DEVICENET

O-AS-INS     071

P048 Inverter action on 
DeviceNet idle mode 

Five options:
00 Trip
01 Decelerate and trip
02 Hold last speed
03 Free run stop
04 Decelerate and stop

✘ ✘ 01 01 01 — >P048 DEVICENET

IDLE         FTP

P049 DeviceNet motor poles 
setting for RPM

Range is 0 to 38 (even 
numbers only)

✘ ✘ 0 0 0 poles >P049 DEVICENET

P            00P
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Miscellaneous 
Functions

The following table contains miscellaneous function(s) not in other function groups. Note that 
P050 is only available on –xFE2/–xFU2 models.

Note 1: To ensure safe inverter operation in networked applications, you cannot change 
(write) the value of P050 via the network; reading P050 is also prohibited.

P050: Output Frequency on Analog Reference Signal Loss – This function allows you to 
configure the inverter’s frequency output level in the event the analog reference input it is using 
is (apparently) disconnected during operation. When the Frequency Source Setting is set to 
control terminal input (A001=01), the [O], [O2], and [OI] inputs are available frequency refer-
ence sources. If the active analog input signal value remains lower than the Start Frequency 
Adjustment value (B082), the inverter presumes the analog input signal may be disconnected.

The inverter application will determine the best option to use in the event of an analog signal 
disconnect. Be sure to consider personnel safety and equipment limitations such as range of 
travel and maximum speed. The available output responses to analog reference signal loss are:

1. P050=00: The output frequency is forced to 0 Hz. It follows the analog input value immedi-
ately when it becomes greater than the Start Frequency value (without 500ms wait).

2. P050=01: The output frequency is forced to 0 Hz, recovering 500ms after the analog input 
exceeds the Start Frequency value.

3. P050=02: The output frequency is forced to the Maximum Frequency value (A004), recov-
ering 500ms after the analog input exceeds the Start Frequency value.

4. P050=03: The output frequency is forced to the Multi-Speed 1 setting (A020/A220), recov-
ering 500ms after the analog input exceeds the Start Frequency value.

The timing diagram below illustrates the four available output frequency responses for a 
disconnect event, using the different P050 settings. For the purpose of this example, the analog 
input “disconnect” value is less than the start frequency but slightly greater than zero.

“P” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

P050 Output frequency on 
analog reference signal 
loss
(–xFE2/–xFU2 models 
only) *1

Four option codes:
00 Output freq. forced to 

0 Hz; 500ms wait to 
recover

01 Output forced to 0 Hz; 
no wait to recover

02 Output freq. forced to 
max. freq. A004

03 Output freq. forced to 
A020/A220

✘ ✔ 00 00 — — >P050 OPTION1

SELECT       OFF

Output 
frequency

[FW, RV]

P050=01

P050=00

P050=02

P050=03

0

Analog input 
[O], [OI], [O2]

500 ms 500 ms
B082

0

Start freq.

t
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“U” Group: User-selectable Menu Functions
The user-selectable menu functions allow you to configure (select) any twelve of the other 
functions in the inverter and place them together in a convenient list. This feature provides 
quick access for the most-used functions needed for your application. Each U Group function 
can serve as a pointer to any of the other parameters. You do not have to use the Store key to 
retain each association; just scroll to the desired standard parameter for each U Group function 
and leave it. The setting can point to a monitor-only parameter (such as D001), or point to 
editable parameters (such as A001). In the case of pointing to an editable functions, you use the 
Up/Down keys to change the value and the Store key to accept the change into memory—the 
same procedure as a normal parameter edit.

TIP: Function B037 selects the parameter groups to be displayed. If you want to limit the 
displayed parameters to only the U Group functions, set B037=02.

“U” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE2
(CE)

–FU2
(UL)

–FR
(Jpn)

U001

User-selected function “no” (disabled), or any of 
the functions D001 to P049

✘ ✔ no no no — >U001 USER

1           no

U002 ✘ ✔ no no no — >U002 USER

2           no

U003 ✘ ✔ no no no — >U003 USER

3           no

U004 ✘ ✔ no no no — >U004 USER

4           no

U005 ✘ ✔ no no no — >U005 USER

5           no

U006 ✘ ✔ no no no — >U006 USER

6           no

U007 ✘ ✔ no no no — >U007 USER

7           no

U008 ✘ ✔ no no no — >U008 USER

8           no

U009 ✘ ✔ no no no — >U009 USER

9           no

U010 ✘ ✔ no no no — >U010 USER

10          no

U011 ✘ ✔ no no no — >U011 USER

11          no

U012 ✘ ✔ no no no — >U012 USER

12          no
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Programming Error Codes
The L300P inverter operator keypad displays a special code (begins with the  character) to 
indicate a programming error. Programming errors exist when one parameter conflicts with the 
meaningful range permitted by related parameter(s). Note that particular real-time frequency 
(speed) input levels can cause a conflict in some situations. After a conflict exists, the error 
code will appear on the display, or you can view it later with D090 in Monitor Mode. Also, the 
PGM LED on the display will flash ON/OFF when programming. These indications are 
automatically cleared when the parameter is corrected to the allowed range.  

Programming Error 
Code

Parameter out of bounds Boundary defined by...

Code Description <, > Code Description

001 201 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

> A004 / 
A204

Maximum frequency;
1st, 2nd motor

002 202 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

>

004 204 A003 / A203 Base frequency setting; 
1st, 2nd motor

>

005 205 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

>

006 206 A021 to A035 Multi-speed freq. settings >

012 212 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

> A061 / A261 Frequency upper limit setting; 
1st, 2nd motor

015 215 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

>

016 216 A021 to A035 Multi-speed freq. settings >

021 221 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

< A062 / A262 Frequency lower limit setting; 
1st, 2nd motor

025 225 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

<

031 231 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

< B082 Start frequency adjustment

032 232 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

<

035 235 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

<

036 A021 to A035 Multi-speed freq. settings <

037 A038 Jog frequency setting <

085 285 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

>f-x,
<f+x

A063 ± A064
A065 ± A066
A067 ± A068

Jump (center) frequency ± 
jump (hysteresis) frequency 
width setting

(See note after table)086 A021 to A035 Multi-speed freq. settings >f-x,
<f+x
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NOTE: Set frequency (speed) values are not permitted to be inside the jump frequency ranges, 
if defined. When a frequency reference value from a real-time source (such as keypad potenti-
ometer or analog input) are inside a jump frequency range, the actual speed is automatically 
forced to equal the lowest point of the jump range.

Programming Error 
Code

Parameter out of bounds Boundary defined by...

Code Description <, > Code Description

091 291 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

> B112 Free-setting V/f frequency (7)

092 292 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

>

095 295 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

>

096 A021 to A035 Multi-speed freq. settings >

110 B100, B102, 
B104, B106, 
B108, B110

Free V/f frequency >

B102, B104, 
B106, B108, 
B110

Free V/f frequency > B100 Free-setting V/f frequency (1)

B100 Free V/f frequency < B102 Free-setting V/f frequency (2)

B104, B106, 
B108, B110

Free V/f frequency >

B100, B102 Free V/f frequency < B104 Free-setting V/f frequency (3)

B106, B108, 
B110

Free V/f frequency >

B100, B102, 
B104

Free V/f frequency < B106 Free-setting V/f frequency (4)

B108, B110 Free V/f frequency >

B100, B102, 
B104, B106

Free V/f frequency < B108 Free-setting V/f frequency (5)

B110 Free V/f frequency >

B100, B102, 
B104, B106, 
B108

Free V/f frequency < B110 Free-setting V/f frequency (6)

120 B017, B019 Free-setting electronic 
thermal frequency

< B015 Free-setting, electronic 
thermal frequency (1)

B015 Free-setting electronic 
thermal frequency

> B017 Free-setting, electronic 
thermal frequency (2)

B019 Free-setting electronic 
thermal frequency

<

B015, B017 Free-setting electronic 
thermal frequency

> B019 Free-setting, electronic 
thermal frequency (3)

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 291 of 2133



Operations 
and Monitoring

In This Chapter.... page
— Introduction .......................................................................................  2
— Optional Alarm Output at Power Loss ..............................................  4
— Connecting to PLCs and Other Devices ...........................................  6
— Using Intelligent Input Terminals .....................................................  10
— Using Intelligent Output Terminals ..................................................  35
— Analog Input Operation...................................................................  51
— Analog Output Operation ................................................................  54
— Setting Motor Constants .................................................................  57
— PID Loop Operation ........................................................................  58
— Configuring the Inverter for Multiple Motors....................................  59

4

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 292 of 2133



Introduction

O
pe

ra
tio

ns
an

d 
M

on
ito

rin
g

4–2

Introduction
The previous material in Chapter 3 gave a reference listing of all the programmable functions 
of the inverter. We suggest that you first scan through the listing of inverter functions to gain a 
general familiarity. This chapter will build on that knowledge in the following ways:

1. Related functions – Some parameters interact with or depend on the settings in other 
functions. This chapter lists “required settings” for a programmable function to serve as a 
cross-reference and an aid in showing how functions interact.

2. Intelligent terminals – Some functions rely on an input signal from control logic terminals 
or generate output signals in other cases.

3. Electrical interfaces – This chapter shows how to make connections between the inverter 
and other electrical devices.

4. PID Loop Operation – The L300P has a built-in PID loop that calculates the optimal 
inverter output frequency to control an external process. This chapter shows the parameters 
and input/output terminals associated with PID loop operation.

5. Multiple motors – A single L300P inverter may be used with two or more motors in some 
types of applications. This chapter shows the electrical connections and inverter parameters 
involved in multiple-motor applications.

The topics in this chapter can help you decide the features that are important to your applica-
tion, and how to use them. The basic installation covered in Chapter 2 concluded with the 
powerup test and running the motor. Now, this chapter starts from that point and shows how to 
make the inverter part of a larger control or automation system.

Cautions for 
Operating
Procedures

Before continuing, please read the following Caution messages.

CAUTION: The heat sink fins will have a high temperature. Be careful not to touch them. 
Otherwise, there is the danger of getting burned.

CAUTION: The operation of the inverter can be easily changed from low speed to high speed. 
Be sure check the capability and limitations of the motor and machine before operating the 
inverter. Otherwise, it may cause injury to personnel.

CAUTION: If you operate a motor at a frequency higher than the inverter standard default 
setting (50Hz/60Hz), be sure to check the motor and machine specifications with the respective 
manufacturer. Only operate the motor at elevated frequencies after getting their approval. 
Otherwise, there is the danger of equipment damage.
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Warnings for 
Operating
Procedures

Before continuing, please read the following Warning messages.

WARNING: Be sure to turn ON the input power supply only after closing the front case. While 
the inverter is energized, be sure not to open the front case. Otherwise, there is the danger of 
electric shock.

WARNING: Be sure not to operate electrical equipment with wet hands. Otherwise, there is 
the danger of electric shock.

WARNING: While the inverter is energized, be sure not to touch the inverter terminals even 
when the motor is stopped. Otherwise, there is the danger of electric shock.

WARNING: If the Retry Mode is selected, the motor may suddenly restart after a trip stop. Be 
sure to stop the inverter before approaching the machine (be sure to design the machine so that 
safety for personnel is secure even if it restarts.) Otherwise, it may cause injury to personnel.

WARNING: If the power supply is cut OFF for a short period of time, the inverter may restart 
operation after the power supply recovers if the Run command is active. If a restart may pose 
danger to personnel, so be sure to use a lock-out circuit so that it will not restart after power 
recovery. Otherwise, it may cause injury to personnel.

WARNING: The Stop Key is effective only when the Stop function is enabled. Be sure to 
enable the Stop Key separately from the emergency stop. Otherwise, it may cause injury to 
personnel.

WARNING: During a trip event, if the alarm reset is applied and the Run command is present, 
the inverter will automatically restart. Be sure to apply the alarm reset only after verifying the 
Run command is OFF. Otherwise, it may cause injury to personnel.

WARNING: Be sure not to touch the inside of the energized inverter or to put any conductive 
object into it. Otherwise, there is a danger of electric shock and/or fire.

WARNING: If power is turned ON when the Run command is already active, the motor will 
automatically start and injury may result. Before turning ON the power, confirm that the RUN 
command is not present.

WARNING: When the Stop key function is disabled, pressing the Stop key does not stop the 
inverter, nor will it reset a trip alarm.

WARNING: Be sure to provide a separate, hard-wired emergency stop switch when the appli-
cation warrants it. 
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Optional Alarm Output at Power Loss
With the default L300P inverter configuration, a sudden power loss will cause the inverter to 
shut down immediately. If running at the time, the motor and load will coast to a stop. And 
without power, the inverter’s alarm output will not activate. This default performance may be 
fine for applications with loads such as fans and pumps. However, you may want an alarm 
signal upon power loss. This section describes how to harness regenerative energy so that the 
motor/load actually powers the inverter long enough to power the alarm output.

The diagram below shows the default configuration. Chapter 2 covered wiring the power source 
to the inverter input and the inverter output to the motor. By default, the inverter’s internal 
control circuit gets its power from two phases (R and T) from the input. The user-accessible
2-wire jumper (R–R0 and T–T0) connects input power to the control circuit.

To provide power to the control circuit after input power loss, you must change the control 
circuit wiring as shown below (steps provided on following page).

U

V

W
Motor

R

S

T

T

R

R0

T0

Power source, 
3-phase

2-wire 
jumper

P

PD

RB

N

To optional
braking resistor /

braking unitControl
circuit

Rectifier Inverter

Converter
DC bus

+

–

+

–

J51

Ferrite 
filter

L300P

AL0

AL2

AL1

To external 
alarm circuit or 

interface

L1

L2

L3

T1

T2

T3

U

V

W
Motor

R

S

T

T

R

R0

T0

Power source, 
3-phase

2-wire 
jumper, 
20AWG

P

PD

RB

N

To optional
braking resistor /

braking unit
Control
circuit

Rectifier Inverter

Converter
DC bus

+

–

+

–

J51

Ferrite 
filter

L300P

AL0

AL2

AL1

To external 
alarm circuit or 

interface

L1

L2

L3

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 295 of 2133



L300P Inverter

O
perations

and M
onitoring

4–5

Follow the steps to implement the wiring change shown in the previous diagram.

1. Remove the 2-wire jumper J51 (terminals [R0] and [T0] to connector J51). 

2. Procure several inches of multi-strand 20 AWG (0.5mm2) or slightly heavier wire.

3. Connect a wire to terminal [R0] that is long enough to connect to terminal [P] (do not 
connect to [P] yet).

4. Connect a wire to terminal [T0] that is long enough to connect to terminal [N] (do not 
connect to [N] yet).

5. Remove the ferrite filter from the original jumper wire and then slide it onto the new wires 
connecting to terminals [R0] and [T0]. (Be sure to save the original jumper in a safe place.)

6. Connect the wire from [R0] to [P], and connect the wire from [T0] to [N] as shown.

More information on power loss related alarm functions, see “Instantaneous Power Failure / 
Under-voltage Signal” on page 4–43.
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Connecting to PLCs and Other Devices
Hitachi inverters (drives) are useful in many types of applications. During installation, the 
inverter keypad (or other programming device) will facilitate the initial configuration. After 
installation, the inverter will generally receive its control commands through the control logic 
terminals or serial interface from another controlling device. In a simple application such as 
single-conveyor speed control, a Run/Stop switch and potentiometer will give the operator all 
the required control. In a sophisticated application, you may have a programmable logic 
controller (PLC) as the system controller with several connections to the inverter.

It is not possible to cover all the possible types of application in this manual. It will be neces-
sary for you to know the electrical characteristics of the devices you want to connect to the 
inverter. Then, this section and the following sections on I/O terminal functions can help you 
quickly and safely connect those devices to the inverter.

CAUTION:  It is possible to damage the inverter or other devices if your application exceeds 
the maximum current or voltage characteristics of a connection point.

The connections between the inverter 
and other devices rely on the electrical 
input/output characteristics at both ends 
of each connection, shown in the 
diagram to the right. The inverter can 
accept either sourcing or sinking type 
inputs from an external device (such as 
a PLC). A terminal jumper configures 
the input type, connecting the input 
circuit common to the supply (+) or (–). 
Detailed wiring examples are in “Using 
Intelligent Input Terminals” on page 4–
10. This chapter shows the inverter’s 
internal electrical component(s) at each 
I/O terminal and how to interface them 
with external circuits.

In order to avoid equipment damage and 
get your application running smoothly, 
we recommend drawing a schematic of 
each connection between the inverter 
and the other device. Include the 
internal components of each device in 
the schematic, so that it makes a 
complete circuit loop.

After making the schematic, then:

1. Verify that the current and voltage 
for each connection is within the 
operating limits of each device.

2. Make sure that the logic sense 
(active high or active low) of any 
ON/OFF connection is correct.

3. Verify inputs are configured correctly (sink/source) to interface to interface to any external 
devices (PLCs, etc.).

4. Check the zero and span (curve end points) for analog connections, and be sure the scale 
factor from input to output is correct.

5. Understand what will happen at the system level if any particular device suddenly loses 
power, or powers up after other devices.

5

3

1

4

2

Other device

Input
circuit

Output
circuit

L300P Inverter

Input
circuit

Output
circuit

Input
circuits

Inverter

Common

PLC

PLC

P24

CM1

+
–

24VDC
Jumper

Signal

Return

Signal

Return
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Example Wiring 
Diagram

The schematic diagram below provides a general example of logic connector wiring, in 
addition to basic power and motor wiring covered in Chapter 2. The goal of this chapter is to 
help you determine the proper connections for the various terminals shown below for your 
specific application needs.

U

V

W
Motor

R

S

T

Expansion
Card #1

(optional)

Expansion
Card #2

(optional)

T

R
R0

T0

Power source, 
3-phase

P24

PLC

FW

5

4

3

2

1

Forward

Reverse

Intelligent inputs, 
5 terminals

CM1

24VDC

TH

FM output 
monitor

Thermistor

H

O

O2

OI

L

AM

AMI

4 – 20mA

Analog GND

+
–

+
–

-10 / 0 / +10 VDC

0 – 10VDC

+
–

+10VDC
reference

100Ω

10kΩ

10kΩ

+10VDC reference

P

PD

RB

N

Braking
resistor

(optional)

AL0

AL2

AL1

SP

SN

RP

SN

RS-485 serial
communications

Jumper for
termination

Send/
receive100Ω

Intelligent relay output
(alarm function default),

type 1 Form C

Signals for expanded
features, including digital I/O 
and DeviceNet networking

Intelligent relay
output terminals,

type 1 Form A

12A

12C

11A

11C

Input
circuits

Output
relays

FM

Braking
unit

(optional)

AM output 
monitor

AMI output 
monitor

Control
circuit

Recti-
fier

InverterConverter
DC bus

+

–

+

–
Default jumper position 
for –xFU2/–xFR models 
(sourcing type inputs)

2-wire jumper
J51

Ferrite filter

L300P

NOTE: For the wiring of intel-
ligent I/O and analog inputs, 
be sure to use twisted pair / 
shielded cable. Attach the 
shield wire for each signal to 
its respective common termi-
nal at the inverter end only.

+ –

CM1
Default jumper position 

for –xFE2 models 
(sinking type inputs)

L1

L2

L3

T1

T2

T3
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Specifications of 
Control and Logic 
Connections

The control logic connector board is removable for wiring convenience, as shown below (first, 
remove two retaining screws). The small connector to the left is for serial communications.

Specifications for the logic connection terminals are in the following table:

Alarm
relay

Logic
inputs

Analog 
inputs

Analog 
outputs

Logic
outputs

H O2 5 3 14 2 AL1

AL0 AL2

FMAM

O OIL
SP SN RP SN

PowerSerial
communications

FWTH

PLCP24 CM1AMI 12C 12A 11C 11A

Analog 
outputs

Retaining screw locations

Terminal Name Description Ratings and Notes

[P24] +24V power for inputs 24VDC supply, 100 mA max.

[CM1] +24V common Common for 24V supply, [FW], [TH], inputs [1] to 
[8], and [FM]. (Note: Do not ground)

[PLC] Common for logic inputs Common for input terminals [1] to [8], jumper to 
[CM1] for sinking, jumper to [P24] for sourcing

[1], [2], [3], [4], [5] Intelligent (programmable) 
discrete logic inputs

27VDC max. (use [P24] or an external supply refer-
enced to terminal [CM1]), 4.7kΩ input impedance

[FW] Forward/stop command 27VDC max. (use [P24] or an external supply refer-
enced to terminal [CM1]), 4.7kΩ input impedance

[11C]—[11A],
[12C]—[12A]

Intelligent (programmable) 
relay outputs

Normally open contacts (1 Form A),
250 VAC / 30 VDC, 5A (resistive load) maximum
250 VAC / 30 VDC, 1A (inductive load) max.
Minimum 5 VDC, 1mA

[TH] Thermistor input Reference to [CM1], min. thermistor power 100mW

[FM] PWM output 0 to 10VDC, 1.2 mA max.,  50% duty cycle

[AM] Voltage analog output 0 to 10VDC, 2 mA max.

[AMI] Current analog output 4-20 mA, nominal load impedance 250Ω

[L] Common for analog inputs Sum of [OI], [O], and [H] currents (return)

[OI] Analog input, current 4 to 19.6 mA range, 20 mA nominal

[O] Analog input, voltage 0 to 9.6 VDC range, 10VDC nominal, 12VDC 
max., input impedance 10 kΩ

[H] +10V analog reference 10VDC nominal, 10 mA max.

[AL0] Relay common contact Contacts AL0–AL1, maximum loads:
   250VAC, 2A; 30VDC, 8A resistive load
   250VAC, 0.2A; 30VDC, 0.6A inductive load
Contacts AL0–AL2, maximum loads:
   250VAC, 1A; 30VDC 1A max. resistive load
   250VAC, 0.2A; 30VDC, 0.2A max. inductive load
Min. loads: 100 VAC, 10mA; 5VDC, 100mA

[AL1] Relay contact, normally 
closed during RUN 

[AL2] Relay contact, normally 
open during RUN
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Terminal Listing Use the following table to locate pages for intelligent input and output material in this chapter.

Intelligent INPUTS Intelligent OUTPUTS

Symbol Code Name Page Symbol Code Name Page

RV 01 Reverse Run/Stop 4–11 RUN 00 Run signal 4–36

CF1 02 Multi-speed select, Bit 0 (LSB) 4–12 FA1 01 Freq. arrival type 1 –
constant speed

4–37

CF2 03 Multi-speed select, Bit 1 4–12

CF3 04 Multi-speed select, Bit 2 4–12 FA2 02 Freq. arrival type 2 –
over-frequency

4–37

CF4 05 Multi-speed select, Bit 3 (LSB) 4–12

JG 06 Jogging 4–15 OL 03 Overload advance notice signal 4–39

DB 07 External DC braking 4–16 OD 04 Output deviation for PID control 4–40

SET 08 Set (select) second motor data 4–17 AL 05 Alarm signal 4–41

2CH 09 2-stage accel and decel 4–18 FA3 06 Freq. arrival type 3 – at frequency 4–37

FRS 11 Free-run stop 4–19 IP 08 Instantaneous power failure signal 4–43

EXT 12 External trip 4–20 UV 09 Under-voltage signal 4–43

USP 13 Unattended start protection 4–21 RNT 11 Run time over 4–46

CS 14 Commercial power source 4–22 ONT 12 Power-ON time over 4–46

SFT 15 Software lock 4–24 THM 13 Thermal alarm signal 4–47

AT 16 Analog input voltage/current sel. 4–25 RMD 27 Run command source monitor
(–xFU2 and –xFE2 models only)

4–50

RS 18 Reset inverter 4–26

STA 20 Start (3-wire interface) 4–28

STP 21 Stop (3-wire interface) 4–28

F/R 22 FW, RV (3-wire interface) 4–28

PID 23 PID ON/OFF 4–29

PIDC 24 PID Reset 4–29

UP 27 Remote control Up func. 4–30

DWN 28 Remote control Down func. 4–30

UDC 29 Remote control data clearing 4–30

OPE 31 Operator control 4–31

SF1–7 32–38 Multi-speed bits 1 to 7 4–12

OLR 39 Overload restriction 4–32

ROK 49 Run enable for FW/RV
(–xFU2 and –xFE2 models only)

4–34
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Using Intelligent Input Terminals
Intelligent terminals [1], [2], [3], [4] and [5] are identical, programmable inputs for general use. 
The input circuits can use the inverter’s internal (isolated) +24V field supply (P24) to power the 
inputs. The input circuits connect internally to [PLC] as a common point. To use the internal 
supply to power the inputs, use the jumper as shown. Remove the jumper to use an external 
supply, or to interface to a PLC system (or other) that has solid state outputs. If you use an 
external supply or PLC system, its power return must connect to the [PLC] terminal on the 
inverter to complete the input circuit.

Input Wiring 
Examples

The following four input configurations are available to interface the inverter inputs to switches 
or the outputs of another system, such as a PLC.

5 3 14 2

Input circuits

+ –
24VDC

common

Jumpered for sinking inputs
(default for –xFE2 models)

Sinking inputs,
internal supply

L300P inverter

5 3 1PLC CM1 4 2

Input circuits

+ –
24VDC

common

L300P inverter

5 3 14 2

Input circuits

+ –
24VDC

common

External
 power supply

L300P inverter

5 3 14 2

Input circuits

+ –
24VDC

common

L300P inverter

Sourcing inputs,
internal supply

Sinking inputs,
external supply

Sourcing inputs,
external supply

Jumpered for sourcing inputs 
(default for –xFU2/–FR models)

External
 power supply

P24

PLC CM1P24

PLC CM1P24

PLC CM1P24

+
–

+
–
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Wiring Diagram 
Conventions

The input wiring diagrams in this chapter are examples only. Default and non-default input 
terminal assignments are noted throughout; your particular assignments may be different. The 
wiring diagrams show the –xFU2/–FR model default [P24]–[PLC] jumper position (U.S./Jpn 
versions), as shown below on the left. The common (return) for inputs is [CM1] in this case. 
The diagram on the right shows the default jumper position and example input wiring for
–xFE2 models (Europe version). For this case, the common (return) for inputs is [P24]. Be sure 
the jumper position and return terminal used match your application wiring needs.

Forward Run/
Stop and Reverse 
Run/Stop 
Commands

When you input the Run command via the dedicated terminal [FW], the inverter executes the 
Forward Run command (high) or Stop command (low). When you input the Run command via 
the programmable terminal [RV], the inverter executes the Reverse Run command (high) or 
Stop command (low).

NOTE: The parameter F004, Keypad Run Key Routing, determines whether the single Run 
key issues a Run FWD command or Run REV command. However, it has no effect on the [FW] 
and [RV] input terminal operation.

WARNING: If the power is turned ON and the Run command is already active, the motor 
starts rotation and is dangerous! Before turning power ON, confirm that the external Run 
command is not active.

5 3 14 2FWTH

PLCP24 CM1

5 3 14 2FWTH

PLCP24 CM1Default jumper
position [P24]–[PLC] 
and wiring example 

(used throughout this 
chapter)

–xFU2/–FR models (U.S./Jpn versions): –xFE2 models (Europe version):

Default jumper
position [PLC]–[CM1] 
and wiring example

return return

RVFWRVFW

Opt.
Code

Symbol Function Name State Description

— FW Forward Run/Stop ON Inverter is in Run Mode, motor runs 
forward

OFF Inverter is in Stop Mode, motor stops

01 RV Reverse Run/Stop ON Inverter is in Run Mode, motor runs 
reverse

OFF Inverter is in Stop Mode, motor stops

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

A002 = 01

Notes: 
• When the Forward Run and Reverse Run 

commands are active at the same time, the 
inverter enters the Stop Mode.

• When a terminal associated with either [FW] 
or [RV] function is configured for normally 
closed, the motor starts rotation when that 
terminal is disconnected or otherwise has no 
input voltage.

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Default input configuration 
shown—see page 3–43. Jumper position 
shown is for –xFU/-xFR models; for –xFE 
models, see examples above.)

RVFW
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Multi-Speed 
Select

The inverter can store up to 16 different fixed target frequencies (speeds) in parameters A020 
to A035. Binary inputs select the speed through four of the intelligent terminals configured as 
binary-encoded inputs CF1 to CF4 per the table. These can be any of the five inputs, and in any 
order. You can use fewer inputs if you need eight or fewer speeds.

NOTE: When choosing a subset of speeds to use, always start at the top of the table, and with 
the least-significant bit: CF1, CF2, etc.

The example with eight speeds in the figure below shows how input switches configured for 
CF1 – CF3 functions can change the motor speed in real time.  

Multi-
speed

Input Function Multi-
speed

Input Function

CF4 CF3 CF2 CF1 CF4 CF3 CF2 CF1

Speed 0 0 0 0 0 Speed 8 1 0 0 0

Speed 1 0 0 0 1 Speed 9 1 0 0 1

Speed 2 0 0 1 0 Speed 10 1 0 1 0

Speed 3 0 0 1 1 Speed 11 1 0 1 1

Speed 4 0 1 0 0 Speed 12 1 1 0 0

Speed 5 0 1 0 1 Speed 13 1 1 0 1

Speed 6 0 1 1 0 Speed 14 1 1 1 0

Speed 7 0 1 1 1 Speed 15 1 1 1 1

0th

CF1

CF2

CF3

1st
2nd

6th

5th

4th

3rd
7th

Speed

Switches

Fwd Run

t
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While using the multi-speed capability, you can monitor the output frequency with monitor 
function D001 during each segment of a multi-speed operation.
There are two ways to program the speeds into the registers A020 to A035:

1. Standard keypad programming:

a. Select each parameter A020 to A035.

b. Press the  key to view the parameter value.

c. Use the   and  keys to edit the value.

d. Use the  key to save the data to memory.

2. Programming using the CF switches:

a. Turn the Run command OFF (Stop Mode).

b. Turn inputs ON to select desired Multi-speed. Display the value of F001 on the digital 
operator.

c. Set the desired output frequency by pressing the  and  keys.

d. Press the  key once to store the set frequency. When this occurs, F001 indicates the 
output frequency of the selected Multi-speed.

e. Press the  key once to confirm that the indication is the same as the set frequency.

f. Repeat operations in 2. a) to 2. e) to set the frequency of other Multi-speeds. It can be set 
also by parameters A020 to A035 in the first procedure 1. a) to 1. d).

Opt.
Code

Symbol Function Name
Input 
State

Description

02 CF1 Binary speed select, 
Bit 0 (LSB)

ON Bit 0, logical 1

OFF Bit 0, logical 0

03 CF2 Binary speed select, 
Bit 1

ON Bit 1, logical 1

OFF Bit 1, logical 0

04 CF3 Binary speed binary 
select, Bit 2

ON Bit 2, logical 1

OFF Bit 2, logical 0

05 CF4 Binary speed select, 
Bit 3 (MSB)

ON Bit 3, logical 1

OFF Bit 3, logical 0

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

F001, A020 to A035
A019=00

Notes: 
• When programming the multi-speed settings, 

be sure to press the Store key each time and 
then set the next multi-speed setting. Note 
that when the Store key is not pressed, no 
data will be set.

• When a multi-speed setting more than 
50Hz(60Hz) is to be set, it is necessary to 
program the maximum frequency A04 high 
enough to allow that speed.

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Some CF inputs require input 
configuration; some are default inputs—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

CF1
CF2

CF3
CF4

(LSB) (MSB)

FUNC.

1 2

STR

1 2

STR

FUNC.
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The Bit Operation method of speed control uses up to five intelligent inputs to select any of up 
to six speeds from a total of eight speeds. (At least two of the SF1–SF7 functions will be 
unused, since there are only five inputs.) Since the all-switches-OFF combination selects the 
first speed, you only need N-1 switches to select N speeds. With Bit Operation speed control, 
only one input is normally active at a time. If multiple switches are ON, the lower numbered 
input takes precedence (determines the speed). The table and figure below show how the input 
combinations work.

The following table lists the option codes for assigning [SF1 to [SF7] to the intelligent inputs.

0th

SF1

SF2

SF3

3rd
4th

2nd

5th

1st

Speed

Switches

Fwd Run

SF4

SF5

Note: Input functions SF6 and SF7 may be substituted 
for any of SF1–SF5, to access Speed 7 or Speed 8.

Multi-
speed

Input Function

SF7 SF6 SF5 SF4 SF3 SF2 SF1

Speed 0 0 0 0 0 0 0 0

Speed 1 — — — — — — 1

Speed 2 — — — — — 1 0

Speed 3 — — — — 1 0 0

Speed 4 — — — 1 0 0 0

Speed 5 — — 1 0 0 0 0

Speed 6 — 1 0 0 0 0 0

Speed 7 1 0 0 0 0 0 0

Opt.
Code Symbol Function Name Description

32 SF1 Bit-level speed select 1 Bit-level speed select, Bit 0

33 SF2 Bit-level speed select 2 Bit-level speed select, Bit 1

34 SF3 Bit-level speed select 3 Bit-level speed select, Bit 2

35 SF4 Bit-level speed select 4 Bit-level speed select, Bit 3

36 SF5 Bit-level speed select 5 Bit-level speed select, Bit 4

37 SF6 Bit-level speed select 6 Bit-level speed select, Bit 5

38 SF7 Bit-level speed select 7 Bit-level speed select, Bit 6

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

F001, A020 to A035
A019=00

Notes: 
• When all [SFx] inputs are OFF, the speed is 

set by default to the value in F001.
• When a multi-speed setting more than 

50Hz(60Hz) is to be set, it is necessary to 
program the maximum frequency A004 high 
enough to allow that speed.

5 3 14 2FWTH

PLCP24 CM1

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

See I/O specs 
on page 4–8.

SF1SF3SF5
SF2SF4
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Jogging 
Command

The Jog input [JG] is used to command the 
motor to rotate slowly in small increments 
for manual operation. The speed is limited 
to 10 Hz. The frequency for the jogging 
operation is set by parameter A038. Jogging 
does not use an acceleration ramp. There-
fore setting the jogging frequency A038 too 
high will cause inverter tripping.

A jog command may arrive while the motor 
is running. You can program the inverter to 
either ignore or respond to a jog command 
in this case by using function A039. The 
type of deceleration used to end a motor jog 
is also selectable by programming function A039. Six jog mode options are defined below:

In the left example diagram below, the Jog command is ignored. In the right example diagram, 
a jog command interrupts a Run mode operation. However, if the Jog command turns ON 
before the [FW] or [RV] terminal turns ON, the inverter output turns OFF.

Jogging During Motor Operation
Jog Deceleration Method

Disabled, A039= Enabled, A039=

00 03 Free-run stop (coasting)

01 04 Deceleration (normal level) and stop

02 05 Use DC braking and stop

Opt.
Code

Symbol Function Name
Input 
State

Description

06 JG Jogging ON Enters Jog Mode if enabled (see above)

OFF Jog is OFF

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

A002= 01, A038 > B082, 
A038 > 0, A039=00 to 05

Notes: 
• Jogging is not performed when the value of 

A038 jogging frequency is smaller than the 
start frequency B082 or the value is 0 Hz.

• Be sure to turn ON [FW] or [RV] after the 
[JG] input turns ON for a jog operation.

• When setting A039 to 02 or 05, you must also 
set the DC braking parameters.

[JG]

[FW]

Jog decel type

[RV]

Output
frequency

A038

A039
t

t

[JG]

[FW]

Output
frequency

A039=00, 01, 02

Decelerating stop (00) shown

t

[JG]

[FW]

Output
frequency

A039=03, 04, 05

Free-run stop (05) shown

A038 A038

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

JG
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External Signal 
for DC Braking

When the terminal [DB] is turned ON, the 
DC braking [DB] feature is enabled. Set the 
following parameters when the external DC 
braking terminal is to be used:

• A053 – DC braking delay time setting. 
The range 0.0 to 5.0 seconds.

• A054 – DC braking force setting. The 
range is 0 to 100%. 

The scenarios to the right help show how 
DC braking works in various situations. 

1. Scenario 1 – The [FW] Run or [RV] 
Run terminal is ON. When the [DB] 
terminal turns ON, DC braking is 
applied. When the [DB] terminal turns 
OFF again, the inverter output ramps to 
the previous frequency.

2. Scenario 2 – The Run command is 
applied from the operator keypad. When 
the [DB] terminal turns ON, DC braking 
is applied. When the [DB] terminal 
turns OFF again, the inverter output 
remains OFF.

3. Scenario 3 – The Run command is 
applied from the operator keypad. When 
the [DB] terminal turns ON, DC braking 
is applied after the delay time set by 
A053 expires. The motor is in a free-
running (coasting) condition during this 
delay time. When the [DB] terminal 
turns OFF again, the inverter output 
remains OFF.

Opt.
Code

Symbol Function Name Input 
State

Description

07 DB External Signal for 
DC Injection 
Braking

ON applies DC injection braking during 
deceleration

OFF does not apply DC injection braking 
during deceleration

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

A053, A054

Notes: 
• Do not use the [DB] input continuously or for 

a long time when the DC braking force 
setting A054 is high (depends on the motor 
application).

• Do not use the [DB] feature for continuous or 
high duty cycle as a holding brake. The [DB] 
input is designed to improve stopping perfor-
mance. Use a mechanical brake for holding a 
stop position.

Output
frequency

[FW, RV]

[DB]

Scenario 1

Output
frequency

Run command 
from operator)

Scenario 2

Output
frequency

Scenario 3

[DB]

Run command 
from operator)

[DB]

A053

t

t

t

delay

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

DB
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Set Second Motor If you assign the [SET] function to an intelligent input terminal, you can select between two 
sets of motor parameters. These second parameters store an alternate set of motor characteris-
tics. When terminal [SET] is turned ON, the inverter will use the second set of parameters, 
generating the frequency output to the motor. When changing the state of the [SET] input 
terminal, the change will not take effect until the inverter is stopped.

When you turn ON the [SET] input, the inverter operates per the second set of parameters. 
When the terminal is turned OFF, the output function returns to the original settings (first set of 
motor parameters). Refer to “Configuring the Inverter for Multiple Motors” on page 4–59 for 
details.

Opt.
Code

Symbol Function Name
Input 
State

Description

08 SET Set 2nd Motor ON causes the inverter to use the 2nd set of 
motor parameters for generating the 
frequency output to motor

OFF causes the inverter to default to the 1st 
(main) set of motor parameters for gener-
ating the frequency output to motor

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

(none)

Notes: 
• If the terminal state is changed while the 

inverter is running, the inverter continues 
using the current set of parameters until the 
inverter is stopped.

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

SET
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Two-stage
Acceleration and 
Deceleration

When terminal [2CH] is turned ON, the 
inverter changes the rate of acceleration and 
deceleration from the initial settings (F002 
and F003) to use the second set of accelera-
tion/deceleration values. When the terminal 
is turned OFF, the inverter is returned to the 
original acceleration and deceleration time 
(F002 acceleration time 1, and F003 decel-
eration time 1). Use A092 (acceleration 
time 2) and A093 (deceleration time 2) to 
set the second stage acceleration and decel-
eration times.

In the graph shown above, the [2CH] signal becomes active during acceleration. This causes the 
inverter to switch from using acceleration 1 (F002) to acceleration 2 (A092).

Opt.
Code

Symbol Function Name
Input 
State

Description

09 2CH Two-stage Accelera-
tion and Decelera-
tion

ON Frequency output uses 2nd-stage accelera-
tion and deceleration values

OFF Frequency output uses the initial accelera-
tion 1 and deceleration 1 values

Valid for inputs: C001, C002, C003, C004, 
C005

Required 
settings:

A092, A093, A094=0

Notes: 
• Function A094 selects the method for second 

stage acceleration. It must be set = 00 to 
select the input terminal method in order for 
the 2CH terminal assignment to operate.

Output
frequency

[FW, RV]

t

target frequency

initial

second

Input
signals

[2CH]

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

2CH
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Free-run Stop When the terminal [FRS] is turned ON, the inverter turns OFF the output and the motor enters 
the free-run state (coasting). If terminal [FRS] is turned OFF, the output resumes sending power 
to the motor if the Run command is still active. The free-run stop feature works with other 
parameters to provide flexibility in stopping and starting motor rotation.

In the figure below, parameter B088 selects whether the inverter resumes operation from 0 Hz 
(left graph) or the current motor rotation speed (right graph) when the [FRS] terminal turns 
OFF. The application determines the best setting.

Parameter B003 specifies a delay time before resuming operation from a free-run stop. To 
disable this feature, use a zero delay time.

FRS

Switches

Motor 
speed

[FW, RV]

Zero-frequency start

FRS

Switches

Motor 
speed

Resume from current speed

wait time

[FW, RV]

B003

B088=01B088=00Resume from 0Hz

t t

Opt.
Code

Symbol Function Name
Input 
State

Description

11 FRS Free-run Stop ON Causes output to turn OFF, allowing 
motor to free run (coast) to stop

OFF Output operates normally, so controlled 
deceleration stops motor

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

B003, B088, C011 to C015

Notes: 
• When you want the [FRS] terminal to be 

active low (normally closed logic), change 
the setting (C011 to C015) that corresponds 
to the input (C001 to C005) that is assigned 
the [FRS] function.

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

FRS
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External Trip When the terminal [EXT] is turned ON, the inverter enters the trip state, indicates error code 
E12, and stops the output. This is a general purpose interrupt type feature, and the meaning of 
the error depends on what you connect to the [EXT] terminal. Even if [EXT] is turned OFF, the 
inverter remains in the trip state. You must reset the inverter or cycle power to clear the error, 
returning the inverter to the Stop Mode.

In the graph below, the [EXT] input turns ON during normal Run Mode operation. The inverter 
lets the motor free-run to a stop, and the alarm output turns ON immediately. When the 
operator initiates a Reset command, the alarm and error are cleared. When the Reset is turned 
OFF, the motor begins rotation since the Run command is already active.

Opt.
Code Symbol Function Name Input 

State Description

12 EXT External Trip ON When assigned input transitions OFF to 
ON, inverter latches trip event and 
displays E12

OFF No trip event for ON to OFF, any recorded 
trip events remain in history until Reset

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

(none)

Notes: 
• If the USP (Unattended Start Protection) 

feature is in use, the inverter will not automat-
ically restart after cancelling the EXT trip 
event. In that case, it must receive either 
another Run command (OFF-to-ON transi-
tion), a keypad Reset command, or an [RS] 
intelligent terminal input signal.

[EXT]

 [FW, RV]

[RS]

Motor revolution speed

Alarm output terminal

t

 free run

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

EXT
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Unattended Start 
Protection

If the Run command is already present when power is turned ON, the inverter starts running 
immediately after powerup. The Unattended Start Protection (USP) function prevents that 
automatic startup, so that the inverter will not run without outside intervention. When USP is 
active, there are two ways to reset an alarm and resume running:

1. Turn the Run command OFF, or

2. Perform a reset operation by the terminal [RS] input or the keypad Stop/reset key

The three examples below show how the USP function works in the scenarios described at the 
bottom of the diagram. The error code E13 indicates the USP trip state and corresponds to the 
Alarm signal in the diagram.  

Opt.
Code

Symbol Function Name Input 
State

Description

13 USP Unattended Start 
Protection

ON At powerup, the inverter will not resume a 
Run command

OFF At powerup, the inverter will resume a 
Run command that was active before 
power loss

Valid for inputs: C001, C002, C003, C004, 
C005

Required 
settings:

(none)

Notes: 
• Note that when a USP error occurs and it is 

canceled by a reset from the [RS] terminal 
input or keypad, the inverter restarts immedi-
ately.

• Even when the trip state is canceled by turning 
the terminal [RS] ON and OFF after an under- 
voltage trip E09 occurs, the USP function will 
be performed.

• When the Run command is active immediately 
after the power is turned ON, a USP error will 
occur. When this function is used, wait for at 
least three (3) seconds after powerup before 
applying a Run command.

Power
supply

[FW]

Output
frequency

When USP is ON after powerup, the 
alarm (E13) will clear when the Run 
command (FW or RV) turns OFF.

[USP]

[RS]

Alarm

If the alarm is cleared 
during Run command, 
the inverter output 
restarts automatically.

If the Run command is 
already OFF at powerup, 
the inverter output starts 
normally.

Example 1 Example 2 Example 3

t

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Default input configuration 
shown for -FU2 models; -FE and -F mod-
els require input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

USP
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4–22

Commercial 
Power Source 
Switching

The commercial power source switching function is useful in systems with excessive starting 
torque requirements. This feature permits the motor to be started “across the line,” sometimes 
called a bypass configuration. After the motor is running, the inverter takes over to control the 
speed. This feature can eliminate the need to oversize the inverter, reducing cost. However, 
additional hardware such as magnetic contactors will be required to realize this function. For 
example, a system may require 55KW to start, but only 15KW to run at constant speed. There-
fore, a 15KW rated inverter would be sufficient when using the commercial power source 
switching.

The following block diagram shows an inverter system with bypass capability. When starting 
the motor directly across the line, relay contacts Mg2 are closed, and Mg1 and Mg3 are open. 
This is the bypass configuration, since the inverter is isolated from the power source and motor. 
Then Mg1 contacts close about 0.5 to 1 second after that, supplying power to the inverter.

Switching to inverter control occurs after the motor is running at full speed. First, Mg2 relay 
contacts open. Then about 0.5 to 1 seconds later, relay Mg3 contacts close, connecting the 
inverter to the motor. The following timing diagram shows the event sequence:

U

V

W
Motor

R

S

T

R0

T0

L300P

H

O

L

FW

[RV]

[CS]

CM1

Mg3
MCCB

Mg1
GFI

Mg2

Thermal
switch

Power source, 3-phase

AL0

AL2

AL1

L1

L2

L3

Mg1

Mg2

Mg3

FW

[CS]

Mg2/Mg3 delay time 0.5 to 1 sec.

Set to 0.5 to 1 sec typical

Frequency matching

Inverter 
output

Normal operation

B003 (Retry wait time
before motor restart)

t
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In the previous timing diagram, when the motor has been started across the line, Mg2 is 
switched OFF and Mg3 is switched ON. With the Forward command to the inverter already 
ON, the [CS] terminal is switched ON and relay Mg1 contacts close. The inverter will then read 
the motor RPM (frequency matching). When the [CS] terminal is switched OFF, the inverter 
applies the Retry wait time before motor restart parameter (B003).

Once the delay time has elapsed the inverter will then start and match the frequency (if greater 
than the threshold set by B007). If the ground fault interrupter breaker (GFI) trips on a ground 
fault, the bypass circuit will not operate the motor. When an inverter backup is required, take 
the supply from the bypass circuit GFI. Use control relays for [FW], [RV], and [CS].

The commercial power source switching function requires you to assign [CS] to an intelligent 
input terminal, using option code 14.

Opt.
Code

Symbol Function Name Input 
State

Description

14 CS Commercial Power 
Change

ON OFF-to-ON transition signals the inverter 
that the motor is already running at 
powerup (via bypass), thus suppressing 
the inverter’s motor output in Run Mode

OFF ON-to-OFF transition signals the inverter 
to apply a time delay (B003), frequency 
match its output to existing motor speed, 
and resume normal Run Mode operation

Valid for inputs: C001, C002, C003, C004, 
C005

Required 
settings:

B003, B007

Notes: 
• If an over-current trip occurs during frequency 

matching, extend the retry wait time B003.
5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

CS
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4–24

Software Lock When the terminal [SFT] is turned ON, the data of all the parameters and functions (except the 
output frequency, depending on the setting of B031) is locked (prohibited from editing). When 
the data is locked, the keypad keys cannot edit inverter parameters. To edit parameters again, 
turn OFF the [SFT] terminal input.

Use parameter B031 to select whether the output frequency is excluded from the lock state or is 
locked as well.

Opt.
Code

Symbol Function Name
Input 
State

Description

15 SFT Software Lock ON The keypad and remote programming 
devices are prevented from changing 
parameters

OFF The parameters may be edited and stored

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

B031 (excluded from lock)

Notes: 
• When the [SFT] terminal is turned ON, only 

the output frequency can be changed.
• Software lock can include the output 

frequency by setting B031.
• Software lock by the operator is also possible 

without the [SFT] terminal being used 
(B031).

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

SFT
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Analog Input 
Current/Voltage 
Select

The [AT] terminal operates in conjunction with parameter setting A005 to determine the analog 
input terminals that are enabled for current or voltage input. Setting A006 determines whether 
the signal will be bipolar, allowing for a reverse direction range. Note that current input signal 
cannot be bipolar and cannot reverse direction (must use [FW] and [RV] command with current 
input operation). The following table shows the basic operation of the [AT] intelligent input. 
Please refer to “Analog Input Operation” on page 4–51 for more information on bipolar input 
configuration, and the operating characteristics of analog inputs.

Opt.
Code

Symbol Function Name
Input 
State

Description

16 AT Analog Input 
Voltage/current 
Select

ON • With A005 = 00, [AT] will enable 
terminals OI–L for current input,
4 to 20mA

• With A005=01, [AT] will enable termi-
nals [O2]–[L] for voltage input

OFF Terminals [O]–[L] are enabled for voltage 
input (A005 may be equal to 00 or 01) in 
this case

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

A001 = 01
A005 = 00 / 01
A006 = 00 / 01 / 02

Notes: 
• Be sure to set the frequency source setting 

A001=01 to select the analog input terminals.

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Default input configuration 
shown—see page 3–43. Jumper posi-
tion shown is for –xFU/-xFR models; 
for –xFE models, see page 4–11.)

AT
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4–26

Reset Inverter The [RS] terminal causes the inverter to 
execute the reset operation. If the inverter is 
in Trip Mode, the reset cancels the Trip 
state. When the signal [RS] is turned ON 
and OFF, the inverter executes the reset 
operation. The minimum pulse width for 
[RS] must be 12 ms or greater. The alarm 
output will be cleared within 30 ms after the 
onset of the Reset command.

WARNING: After the Reset command is given and the alarm reset occurs, the motor will 
restart suddenly if the Run command is already active. Be sure to set the alarm reset after 
verifying that the Run command is OFF to prevent injury to personnel.

Opt.
Code

Symbol Function Name
Input 
State

Description

18 RS Reset Inverter ON The motor output is turned OFF, the Trip 
Mode is cleared (if it exists), and powerup 
reset is applied

OFF Normal power-on operation

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

B003, B007, C102, C103

Notes: 
• When the control terminal [RS] input is 

already ON at powerup for more than 4 
seconds, the remote operator display is “R-
ERROR COMM<2>” (the display of the 
digital operator is –  –  –  –). However, the 
inverter has no error. To clear the digital 
operator error, turn OFF the terminal [RS] 
input and press one of the operator keys.

• The active edge (leading or trailing) of the [RS] signal is determined by the setting of 
C102.

• A terminal configured with the [RS] function can only be configured as a normally open 
contact. The terminal cannot be used in the normally closed contact state.

• When input power is turned ON, the inverter performs the same reset operation as it does 
when a pulse on the [RS] terminal occurs.

[RS]

Alarm  output

t

12 ms
minimum

approx. 30 ms

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Default input configuration 
shown—see page 3–43. Jumper posi-
tion shown is for –xFU/-xFR models; 
for –xFE models, see page 4–11.)

RS
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Thermistor 
Thermal
Protection

Motors that are equipped with a thermistor can be protected from overheating. Input terminal 
[TH] is dedicated to sense a thermistor resistance. The input can be set up (via B098 and B099) 
to accept a wide variety of NTC or PTC type thermistors. Use this function to protect the motor 
from overheating.

Opt.
Code

Symbol Function Name
Input 
State

Description

— TH Thermistor Thermal 
Protection

Sensor When a thermistor is connected between 
to terminals [TH] and [CM1], the inverter 
checks for over-temperature and will 
cause a trip (E35) and turn OFF the output 
to the motor

Open An open circuit in the thermistor causes a 
trip, and the inverter turns OFF the output

Valid for 
inputs:

[TH] only

Required 
settings:

B098 and B099

Notes: 
• Be sure the thermistor is connected to termi-

nals [TH] and [CM1]. If the resistance is 
above or below (depending on whether NTC 
or PTC) the threshold the inverter will trip. 
When the motor cools down enough, the 
thermistor resistance will change enough to 
permit you to clear the error. Press the STOP/
Reset key to clear the error. 

5 3 14 2FWTH

PLCP24 CM1

Example:

See I/O specs on page 4–8.

TH

thermistor

Motor
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4–28

Three-wire
Interface
Operation

The 3-wire interface is an industry standard motor control interface. This function uses two 
inputs for momentary contact start/stop control, and a third for selecting forward or reverse 
direction. To implement the 3-wire interface, assign 20 [STA] (Start), 21 [STP] (Stop), and 22 
[F/R] (Forward/Reverse) to three of the intelligent input terminals. Use momentary contact for 
Start and Stop. Use a selector switch, such as SPST for the Forward/Reverse input. Be sure to 
set the operation command selection A002=01 for input terminal control of motor.

If you have a motor control interface that needs logic-level control (rather than momentary 
pulse control), use the [FW] and [RV] inputs instead.

The diagram below shows the use of 3-wire control. STA (Start Motor) is an edge-sensitive 
input; an OFF-to-ON transition gives the Start command. The control of direction is level-
sensitive, and the direction may be changed at any time. STP (Stop Motor) is also a level-
sensitive input.

Opt.
Code

Symbol Function Name
Input 
State

Description

20 STA Start Motor ON Start motor rotation on momentary 
contact (uses acceleration profile)

OFF No change to motor operation

21 STP Stop Motor ON No change to motor operation

OFF Stop motor rotation on momentary contact 
(uses deceleration profile)

22 F/R Forward/Reverse ON Select reverse direction of rotation

OFF Select forward direction of rotation

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

A002=01

Notes: 
• The STP logic is inverted. Normally the 

switch will be closed, so you open the switch 
to stop. In this way, a broken wire causes the 
motor to stop automatically (safe design).

• When you configure the inverter for 3-wire 
interface control, the dedicated [FW] terminal 
is automatically disabled. The [RV] intelligent 
terminal assignment is also disabled.

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

F/R STA
STP

[STA] terminal

[F/R] terminal

[STP] terminal

Motor revolution speed Forward

Reverse

t

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 319 of 2133



L300P Inverter

O
perations

and M
onitoring

4–29

PID ON/OFF
and PID Clear

The PID loop function is useful for controlling motor speed to achieve constant flow, pressure, 
temperature, etc. in many process applications. The PID Disable function temporarily suspends 
PID loop execution via an intelligent input terminal. It overrides the parameter A071 (PID 
Enable) to stop PID execution and return to normal motor frequency output characteristics. the 
use of PID Disable on an intelligent input terminal is optional. Of course, any use of the PID 
loop control requires setting PID Enable function A071=01.

The PID Clear function forces the PID loop integrator sum = 0. So, when you turn ON an intel-
ligent input configured as [PIDC], the integrator sum is reset to zero. This is useful when 
switching from manual control to PID loop control and the motor is stopped.

CAUTION: Be careful not to turn PID Clear ON and reset the integrator sum when the inverter 
is in Run Mode (output to motor is ON). Otherwise, this could cause the motor to decelerate 
rapidly, resulting in a trip.

Opt.
Code

Symbol Function Name
Input 
State

Description

23 PID PID Disable ON Disables PID loop execution

OFF Allows PID loop execution if A71=01

24 PIDC PID Clear ON Force the value of the integrator to zero

OFF No change to PID loop execution

Valid for 
inputs:

C001, C002, C003, C004, 
C005

Required 
settings:

A071

Notes: 
• The use of [PID] and [PIDC] terminals are 

optional. Use A071=01 if you want PID loop 
control enabled all the time.

• Do not enable/disable PID control while the 
motor is running (inverter is in Run Mode).

• Do not turn ON the [PIDC] input while the 
motor is running (inverter is in Run Mode).

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

PIDC PID
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4–30

Remote Control 
Up and Down 
Functions

The [UP] [DWN] terminal functions can adjust the output frequency for remote control while 
the motor is running. The acceleration time and deceleration time used with this function is the 
same as for normal operation ACC1 and DEC1 (2ACC1,2DEC1). The input terminals operate 
as follows:

• Acceleration - When the [UP] contact is turned ON, the output frequency accelerates from 
the current value. When it is turned OFF, the output frequency maintains its current value.

• Deceleration - When the [DWN] contact is turned ON, the output frequency decelerates 
from the current value. When it is turned OFF, the output frequency maintains its current 
value.

In the graph below, the [UP] and [DWN] terminals activate while the Run command remains 
ON. The output frequency responds to the [UP] and [DWN] commands.

It is possible for the inverter to retain the frequency set from the [UP] and [DWN] terminals 
through a power loss. Parameter C101 enables/disables the memory. If disabled, the inverter 
retains the last frequency before an UP/DWN adjustment. Use the [UDC] terminal to clear the 
memory and return to the original set output frequency.

Opt.
Code Symbol Function Name

Input 
State Description

27 UP Remote Control 
UP Function

ON Accelerates (increases output frequency) 
motor from current frequency

OFF Output to motor operates normally

28 DWN Remote Control 
DOWN Function

ON Decelerates (decreases output frequency) 
motor from current frequency

OFF Output to motor operates normally

29 UDC Remote Control 
Data Clear

ON Clears the Up/down frequency memory

OFF No effect on Up/down memory

Valid for inputs: C001, C002, C003, C004, 
C005

Required 
settings:

A001 = 02
C101 = 01 (enables memory)

Notes: 
• This feature is available only when the 

frequency command source is programmed 
for operator control. Confirm A001 is set to 
02.

• This function is not available when [JG] is in 
use.

• The range of output frequency is 0 Hz to the 
value in A004 (maximum frequency setting).

• The Remote Control Up/Down function 
varies the inverter speed by directly writing to 
the F001 output frequency setting.

Output
frequency

[UP]

[FW, RV]

[DWN]

t

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

UDC
DWN

UP
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Force Operation 
from Digital 
Operator

This function permits a digital operator interface to override the Run command source setting 
(A002) when it is configured for a source other than the operator interface. When the [OPE] 
terminal is ON and the operator interface gives a Run command, the inverter uses the standard 
output frequency settings to operate the motor.

Opt.
Code

Symbol Function Name
Input 
State

Description

31 OPE Force Operation 
from Digital 
Operator

ON Forces the operator interface Run 
command to over-ride commands from 
input terminals (such as [FW], [RV]).

OFF Run command operates normally, as 
configured by A002

Valid for inputs: C001, C002, C003, C004, 
C005

Required 
settings:

A001
A002 (set not equal to 02)

Notes: 
• When changing the [OPE] state during Run 

Mode (inverter is driving the motor), the 
inverter will stop the motor before the new 
[OPE] state takes effect.

• If the [OPE] input turns ON and the digital 
operator gives a Run command while the 
inverter is already running, the inverter stops 
the motor. Then the digital operator can 
control the motor. 

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

OPE
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4–32

Overload
Restriction

The inverter constantly monitors the motor current during acceleration, deceleration, and 
constant speed. If the inverter reaches the overload restriction level, it adjusts the output 
frequency automatically to limit the amount of overload. This function prevents an over-current 
trip by inertia during rapid acceleration or large changes in load at constant speed. It also 
attempts to prevent an over-voltage trip on deceleration due to regeneration. It accomplishes 
this by temporarily suspending deceleration and/or increasing the frequency in order to dissi-
pate regenerative energy. Once the DC bus voltage falls sufficiently, deceleration will resume.

OLR Parameter Selection – Two sets of overload restriction parameter settings and values are 
available as outlined in the table below. Use the B021—B026 group of settings to configure the 
two set of parameters as needed. By assigning the Overload Restriction function [OLR] to an 
intelligent terminal, you can select the set of restriction parameters that is in effect.  

Function
Function Code

Data or Range Description
Set 1 Set 2

Overload Restriction 
Operation Mode

B021 B024 00 Disable

01 Enabled during accel 
and constant speed

02 Enabled during constant 
speed

03 Enabled during accel, 
constant speed, and 
decel

Overload Restriction 
Setting

B022 B025 Rated current * 0.5 
to rated current * 2

Current value at which 
the restriction begins

Deceleration Rate at 
Overload Restriction

B023 B026 0.1 to 30 seconds Deceleration time when 
overload restriction 
operates

Opt.
Code

Symbol Function Name Input 
State

Description

39 OLR Overload Restric-
tion Selection

ON Selects Overload Restriction Set 2,
B024, B025, B026 settings in effect

OFF Selects Overload Restriction Set 1,
B021, B022, B023 settings in effect

Valid for inputs: C001, C002, C003, C004, 
C005

Required 
settings:

B021, B022, B023 (Mode 1),
B024, B025, B026 (Mode 2)

Notes: 
• If the overload restriction constant (B023 or 

B026) is set too short, an over-voltage trip 
during deceleration will occur due to regener-
ative energy from the motor.

• When an overload restriction occurs during 
acceleration, the motor will take longer to 
reach the target frequency, or may not reach 
it. The inverter will make the following 
adjustments:
a) Increase the acceleration time
b) Raise torque boost
c) Raise overload restriction level

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

OLR

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 323 of 2133



L300P Inverter

O
perations

and M
onitoring

4–33

The figure below shows the operation during an overload restriction event. The overload 
restriction level is set by B022 and B025. The overload restriction constant is the time to decel-
erate to 0Hz from maximum frequency. When this function operates, the acceleration time will 
be longer than the normal acceleration time. 

NOTE: The Overload Advance Notice function for intelligent outputs is related to Overload 
Restriction operation, discussed in “Overload Advance Notice Signal” on page 4–39.

Overload
restriction level

Maximum 
frequency

Output
frequency

Target frequency

Deceleration rate at overload restriction

Deceleration rate
at overload restriction

A004

F001

B022 / B025

B023 / B026

B022 / B025

t
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4–34

Run Enable for 
FW/RV (–xFU2 
models only)

The Run Enable for FW/RV input provides a way to enable or disable the [FW] and [RV] input 
terminals in real time, including a Run command from an operator keypad. This is useful for 
applications that require a logic type safety interlock for FWD Run or REV Run commands.

The Run Enable for FW/RV function is assigned to an intelligent input terminal using option 
code 49. When assigned, the output frequency operates as a logical AND of the Run Enable for 
FW/RV input and a [FW], [RV], or keypad Run command input. The Run Enable for RV input 
is level-sensitive, as shown in the timing diagram below. The leading edges (OFF-to-ON transi-
tions) of the Run Enable for RV input and the [FW] or [RV] input can occur in any order. The 
output frequency follows the logical AND of these inputs.

Opt.
Code

Symbol Function Name
Input 
State

Description

49 ROK Run Enable for
FW/RV

ON [FW] and [RV] inputs and operator Run 
key press operate normally

OFF [FW] and [RV] inputs and operator Run 
key press are ignored; inverter output 
remains OFF

Valid for inputs: C001, C002, C003, C004, 
C005

Required 
settings:

(none)

Notes: 
• This function is only available on –xFU2 

models.
• When the Run Enable for FW/RV function is 

not assigned to any intelligent input terminal, 
the FWD Run and REV Run commands 
operate normally (directly control the output 
frequency).

• To ensure safe inverter operation in 
networked applications, you cannot change an 
intelligent terminal assignment to/from 
[ROK] (option code 49) via the network. 
However, you can still read an [ROK] input 
assignment over the network.

[F/R] terminal

[ROK] terminal

Output
frequency

t

5 3 14 2FWTH

PLCP24 CM1

See I/O specs on page 4–8.

Example: (Requires input configuration—
see page 3–43. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–11.)

ROK
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Using Intelligent Output Terminals
The intelligent relay terminals are programmable in a similar way to the intelligent input termi-
nals. The inverter has several output functions that you can assign individually to the two intel-
ligent relay outputs. They are normally open (type Form A). In addition to these relay outputs, 
the alarm relay output (type Form C) has normally open and normally closed contacts. The 
relay is assigned the alarm function by default, but you can assign it to any of the functions the 
other two relay outputs can use.

If you use an external supply to power the load(s), the relay contacts can switch up to several 
amperes. See “Specifications of Control and Logic Connections” on page 4–8 for relay contact 
ratings.

It is possible to use the inverter’s +24VDC supply—however, the total output current available 
is only 100mA. Note that this includes the loads of relay outputs and all input circuits, if you 
are powering the inputs from the internal +24VDC supply. If you need more than 100mA, you 
must use an external supply source.

In the unlikely event you need output 
current greater than the relay’s contact 
ratings (5A resistive, 1A inductive), 
use the relay outputs to drive external 
relays as shown to the right. Be sure to 
use a diode across the coil of the relay 
as shown (reverse-biased) in order to 
suppress the turn-off spike, or use a 
solid-state relay.

Relay outputs

+ –

24VDC

Externally
powered system

L300P inverter

LL

12C 12A 11C 11A

Relay outputs
24VDC

Internally
powered system

L300P inverter

LL

12C 12A 11C 11AP24 CM1

+ –

100mA maximum 
load current

RY

Relay outputs

+ –

24VDC

L300P inverter

12C 12A 11C 11A

RY
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4–36

Run Signal When the [RUN] signal is selected as an 
intelligent output terminal, the inverter 
outputs a signal on that terminal when it is 
in Run Mode. The output relay contacts are 
closed when the inverter is in Run Mode 
(normally open logic).

 

NOTE: The example circuit in the table above drives a relay coil. Note the use of a diode to 
prevent the negative-going turn-off spike generated by the coil from damaging the inverter’s 
output transistor.

Opt.
Code

Symbol Function Name
Output 
State

Description

00 RUN Run signal ON when inverter is in Run Mode

OFF when inverter is in Stop Mode

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

(none)

Notes: 
• The inverter outputs the [RUN] signal 

whenever the inverter output exceeds the start 
frequency specified by parameter B082. The 
start frequency is the initial inverter output 
frequency when it turns ON.

[FW, RV]
Motor 
speed

Run 
Signal

start freq.
B82

t

See I/O specs on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

24VDC

L

Example: (Default output configuration 
shown—see page 3–48.)

+
–

RUN
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Frequency Arrival 
Signals

The Frequency Arrival group of outputs help coordinate external systems with the current 
velocity profile of the inverter. As the name implies, output [FA1] turns ON when the output 
frequency arrives at the standard set frequency (parameter F001). Outputs [FA2] through [FA5] 
provide variations on this function for increased flexibility, relying on two programmable accel/ 
decel thresholds. For example, you can have an output turn ON at one frequency during accel-
eration, and have it turn OFF at a different frequency during deceleration. All transitions have 
hysteresis to avoid output chatter if the output frequency is near one of the thresholds. 

Opt.
Code

Symbol Function Name
Output 
State

Description

01 FA1 Frequency arrival 
type 1 – constant 
speed

ON when output to motor is at the standard set 
frequency F001

OFF when output to motor is not at the set 
frequency F001

02 FA2 Frequency arrival 
type 2 – over-
frequency

ON when output to motor is at or above the FA 
threshold 1(C042) during accel

OFF when the output to motor is below the FA 
threshold 1 (C043) during decel

06 FA3 Frequency arrival 
type 3 – at 
frequency

ON when output to motor is at the FA thresh-
old 1 (C042) during accel, or at C043 
during decel

OFF when the output to motor is not at either 
the FA threshold 1 (C042) during accel or 
at C043 during decel

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

F001, for FA1
C042 & C043, for FA2 & FA3

Notes: 
• For most applications you will need to use 

only one or two of the frequency arrival type 
outputs (see example). However, it is possible 
assign all three output terminals to output 
functions [FA1] through [FA3].

• For each frequency arrival threshold, the 
output anticipates the threshold (turns ON 
early) by an amount equal to 1% of the 
maximum frequency set for the inverter.

• The output turns OFF as the output frequency 
moves away from the threshold, delayed by 
an amount equal to 2% of the max. frequency.

See I/O specs on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

24VDC
LL

Example: (Requires output configuration—
see page 3–48.)

+
–

FA1FA2
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Frequency arrival output [FA1] uses the 
standard output frequency (parameter F001) 
as the threshold for switching. In the figure 
to the right, the inverter accelerates to the 
set output frequency, which serves as the 
threshold for [FA1]. Parameters Fon and Foff 
illustrate the hysteresis that prevents output 
chatter near the threshold value.

• Fon is 1% of the max. output frequency

• Foff is 2% of the max. output frequency

The hysteresis effect causes the output to 
turn ON slightly early as the speed 
approaches the threshold. Then the turn-
OFF point is slightly delayed. The 1% and 
2% values also apply to the remaining 
Frequency arrival outputs, discussed below.

Frequency Arrival outputs [FA2] and 
[FA4] work the same way; they just use 
two separate threshold pairs as shown in 
the figure. These provide for separate 
acceleration and deceleration thresholds 
to provide more flexibility than for 
[FA1]. [FA2] uses C042 and C045 for 
ON and OFF thresholds, respectively. 
[FA4] uses C043 and C046 for ON and 
OFF thresholds, respectively. Having 
different accel and decel thresholds 
provides an asymmetrical output 
function. However, you can use equal 
ON and OFF thresholds, if desired.

Frequency Arrival outputs [FA3] and [FA5] use the same threshold parameters as [FA2] and 
[FA4] above, but operate in a slightly different way. Refer to the diagram below. After the 
frequency arrives at the first threshold during acceleration and turns ON [FA3] or [FA5], they 
turn OFF again as the output frequency accelerates further. The second thresholds work 
similarly during deceleration. In this way, we have separate ON/OFF pulses for acceleration 
and deceleration.

FA1

Output
frequency

F001

t

Hz

Threshold Fon Foff

0

FA2/FA4

Output
frequency

C042/C045

C043/C046

t

Hz

Thresholds
Fon

Foff

0

FA3/FA5

Output
frequency

C042/C045

C043/C046

t

Hz

Thresholds

Fon

Foff
Fon

Foff

0
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Overload 
Advance Notice 
Signal

When the output current exceeds a 
preset value, the [OL] or [OL2] 
terminal signal turns ON. The parame-
ter C041 (or C111, respectively) sets 
the overload threshold. The overload 
detection circuit operates during 
powered motor operation and during 
regenerative braking. The output relay 
contacts are closed when the inverter is 
in overload (normally open logic).

NOTE: The example circuit in the table above drives a relay coil. Note the use of a diode to 
prevent the negative-going turn-off spike generated by the coil from damaging the inverter’s 
output transistor.

Opt.
Code

Symbol Function Name
Output 
State

Description

03 OL Overload advance 
notice signal (1)

ON when output current is more than the set 
threshold for the overload signal (C041)

OFF when output current is less than the set 
threshold for the overload signal (C041)

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

C041

Notes: 
• The default value is 100%. To change the 

level from the default, set C041 (overload 
level).

• The accuracy of this function is the same as 
the function of the output current monitor on 
the [FM] terminal (see “Analog Output 
Operation” on page 4–54).

Set 
value

[OL] 
Signal

C041

C041

t

Current threshold

power running

regeneration

threshold

See I/O specs on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

24VDC
L

Example: (Requires output configuration—
see page 3–48.)

+
–

OL
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Output Deviation 
for PID Control

The PID loop error is defined as the 
magnitude (absolute value) of the differ-
ence between the Setpoint (target value) 
and the Process Variable (actual value). 
When the error magnitude exceeds the 
preset value for C044, the [OD] terminal 
signal turns ON. Refer to “PID Loop 
Operation” on page 4–58.

NOTE: The example circuit in the table above drives a relay coil. Note the use of a diode to 
prevent the negative-going turn-off spike generated by the coil from damaging the inverter’s 
output transistor.

Opt.
Code Symbol Function Name Output 

State Description

04 OD Output deviation 
for PID control

ON when PID error is more than the set 
threshold for the deviation signal

OFF when PID error is less than the set thresh-
old for the deviation signal

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

C044

Notes: 
• The default deviation value is set to 3%. To 

change this value, change parameter C044 
(deviation level).

Set 
value

[OD] 
Signal

Error 
(SP-PV)

C044

C044

t

Process variable

Setpoint

See I/O specs on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

24VDC

L

Example: (Requires output configuration—
see page 3–48.)

+
–

OD
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Alarm Signal The inverter alarm signal is active when a fault has 
occurred and it is in the Trip Mode (refer to the 
diagram at right). When the fault is cleared the 
alarm signal becomes inactive.

We must make a distinction between the alarm 
signal AL and the alarm relay contacts [AL0], 
[AL1] and [AL2]. The signal AL is a logic 
function, which you can assign to the standard 
relay outputs [11] or [12], or the alarm relay 
output. The most common (and default) use of the 
alarm relay is for AL, thus the labeling of its 
terminals. Use the relay output to interface to 
higher voltage and current devices (10 mA minimum).

Opt.
Code Symbol Function Name

Output 
State Description

05 AL Alarm signal ON when an alarm has occurred and has not 
been cleared

OFF when no alarm has occurred since the last 
clearing of alarm(s)

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

C026, C036

Notes: 
• When the alarm output is set to normally 

closed, a time delay of less than 2 seconds 
occurs until the contact is closed when the 
power is turned ON. 

• Terminals [11C] –[11A] and [12C] – [12A] 
use slightly smaller relays than the alarm 
relay on terminals [AL0], [AL1], [AL2]. So, 
the electrical specifications of the two relay 
types are different.

• When the inverter power supply is turned 
OFF, the alarm signal output is valid as long 
as the external control circuit has power.

• This signal output has the delay time (300ms 
nominal) from the fault alarm output.

• The relay contact specifications are in 
“Specifications of Control and Logic 
Connections” on page 4–8. The contact 
diagrams for different conditions are on the 
next page.

RUN

STOP
RESET

STOP
RESET

Run Stop

Fault
Trip Fault

Alarm signal 
active

Example for terminals [11C]—[11A] or 
[12C]—[12A]: (Requires output config-
uration—see page 3–48.)

Example for terminals [AL0], [AL1], [AL2]: 
(Default output configuration shown—see 
page 3–48.)

See I/O specs 
on page 4–8.

Inverter output 
terminal circuit

Inverter output terminal circuit

12C 12A 11C 11A

24VDC

L

AL1

AL0 AL2

Relay position 
shown during 

normal running 
(no alarm)

+
–

AL

AL

Power
Supply Load
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The alarm output terminals operate as shown below (left) by default. The contact logic can be 
inverted as shown (below right) by using the parameter setting C036. The relay contacts 
normally open (N.O.) and normally closed (N.O.) convention uses “normal” to mean the 
inverter has power and is in Run or Stop Mode. The relay contacts switch to the opposite 
position when it is in Trip Mode or when input power is OFF.

N.C. contacts (after initialization) N.O. contact (inverted by C036 setting)

During normal running When an alarm occurs or 
power is turned OFF

During normal running or 
power is turned OFF

When an alarm occurs

AL1

AL0 AL2

AL1

AL0 AL2

AL1

AL0 AL2

AL1

AL0 AL2

Contact Power
Run 
State

AL0-
AL1

AL0-
AL2

N.C. 
(after 

initialize, 
C036=01)

ON Normal Closed Open

ON Trip Open Closed

OFF – Open Closed

Contact Power
Run 
State

AL0-
AL1

AL0-
AL2

N.O.
 (set 

C036=00)

ON Normal Open Closed

ON Trip Closed Open

OFF – Open Closed
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Instantaneous 
Power Failure / 
Under-voltage 
Signal

An instantaneous power failure (complete loss) or under-voltage condition (partial loss) of 
inverter input voltage can occur without warning. L300P Series inverters can be configured to 
respond to these conditions in different ways. You can select whether the inverter trips or retries 
(restart attempt) when an instantaneous power failure or under-voltage condition occurs. You 
can select the retry function with parameter B001.

When enabled, the Retry Function operates in the following ways:

• Under-voltage conditions – When an instantaneous power failure or under-voltage condi-
tion occurs, the inverter will attempt to restart up to 16 times. A trip condition will occur on 
the 17th attempt, which must be cleared with the Stop/Reset key.

• Over-current/voltage conditions – When retry function is selected and an over-current or 
an over-voltage condition occurs, a restart is attempted 3 times. A trip will occur on the 4th 
failed restart attempt. Use parameter B004 to select the trip and alarm response to instanta-
neous power failure and under-voltage conditions. The following table shows the related 
parameters to these power fault conditions, and timing diagrams are on the next page.

Code Function Data or Range Description

B001 Selection of 
automatic restart 
mode

00 Alarm output after trip, automatic 
restart disabled

01 Restart at 0 Hz

02 Retry with frequency matching to 
present motor speed

03 Retry with frequency matching 
followed by deceleration to stop— 
then trip alarm

B002 Allowable under-
voltage power failure 
time

0.3 to 1.0 sec. The amount of time a power input 
under-voltage can occur without 
tripping the power failure alarm. If 
under-voltage exists longer than this 
time, the inverter trips, even if the 
restart mode is selected. If it exists 
less than this time retry will be 
attempted. 

B003 Retry wait time 
before motor restart

0.3 to 100 sec. Time delay after a trip condition goes 
away before the inverter restarts the 
motor

B004 Instantaneous power 
failure / voltage trip 
alarm enable

00 Disable

01 Enable

02 Disable during stop and ramp to stop 

B005 Number of restarts 
on power failure / 
under-voltage trip 
events

00 Restart up to 16 times on instanta-
neous power failure or under-voltage

01 Always restart on instantaneous 
power failure or an under-voltage 
condition

B007 Restart frequency 
threshold

0.00 to 400.0 Hz When frequency of the motor is less 
than this value, the inverter will 
restart at 0 Hz
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In the following examples, t0= instantaneous power failure time, t1 = allowable under-voltage / 
power failure time (B002), and t2= retry wait time (B003).

Opt.
Code

Symbol Function Name
Output 
State

Description

08 IP Instantaneous 
Power Failure

ON when the inverter detects a loss of input 
power

OFF when the inverter has input power

09 UV Under-voltage 
condition

ON when the inverter input power is less than 
the specified input range

OFF when the inverter input power is within 
the voltage specification

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

B001, B002, B003, B004, 
B005, B007

Notes: 
• If an over-voltage or over-current trip occurs 

during the deceleration and an instantaneous 
power failure error (E16) is displayed the 
inverter goes into free-run stop. In this case 
make the deceleration time longer.

• When connecting control power supply 
terminal [Ro]-[To] to the DC bus [P]-[N], an 
under-voltage may be detected at power-off 
and cause a trip. If this is undesirable, set 
B004 to 00 or 02.

• Frequency matching: The inverter reads the 
motor RPM and direction. If this speed is 
higher than the matching setting (B007), the 
inverter waits until they are equal and then 
engages the output to drive the motor 
(example 3). If the actual motor speed is less 
than the restart frequency setting, the inverter 
waits for t2 (value in B003) and restarts from 
0 Hz (example 4). The display shows 
“oooo” during an actual frequency 
matching event.

See I/O specs on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

24VDC
LL

Example: (Requires output configuration—
see page 3–48.)

+
–

IPUV

Power supply

Inverter output

Motor
frequency

After waiting for t2 seconds when t0 < t1; restart

Example 1: Power failure within allowed limits; resume Example 2: Power failure longer than limits; trip

t0

t1

t2

Power supply

Inverter output

Motor
frequency

t0

t1

Inverter trips when t0 > t1

Free-run Free-run

t t
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Examples 3 and 4 relate to configuring the inverter to retry upon power failure. Frequency 
matching is possible if the inverter frequency is greater than the B007 value.

The Instantaneous Power Failure and Alarm output responses during various power loss condi-
tions are shown in the diagram below. Use B004 to enable/disable the alarm output when 
instantaneous power failure or under-voltage occurs. The alarm output will continue while the 
control power of the inverter is present, even if the motor is stopped. Examples 5 to 7 corre-
spond to normal wiring of the inverter’s control circuit. Examples 8 to 10 correspond to the 
wiring of the inverter’s control circuit for alarm output after power loss (see “Optional Alarm 
Output at Power Loss” on page 4–4).

Power supply

Inverter output

Motor
frequency

Motor frequency > B007 value at t2

Example 3: Motor resumes via frequency-matching Example 4: Motor restarts from 0Hz

t0 t2

Power supply

Inverter output

Motor
frequency

t0 t2

Free-run Free-run

Frequency matching 0Hz restart

Motor frequency < B007 value at t2

B007 B007

t t

Instantaneous power failure operation with standard 
R0–T0 connections

Instantaneous power failure operation with R0–T0 
connected to P–N

Example 5

Power
1
0
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Stop

Example 6

Power
1
0

1
0Run command

Output

Alarm

Inst. Power Fail

1
0
1
0

Inverter : Stop

1
0
1
0

1
0
1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Example 7 Inverter : Stop

Power
1
0
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Run

Power
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0
1
0

Inverter : Run

1
0
1
0

1
0

1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Inverter : Run

1
0

Example 8

Power
1
0
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Stop

Example 9

Power
1
0

1
0Run command

Output

Alarm

Inst. Power Fail

1
0
1
0

Inverter : Stop

1
0
1
0

1
0
1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Example 10 Inverter : Stop

Power
1
0
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Run

Power
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0
1
0

Inverter : Run

1
0
1
0

1
0

1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Inverter : Run

1
0

(under-voltage)
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Run Time / 
Power-On Time 
Over Signals

L300P Series inverters accumulate the total hours in Run Mode (run time) and the total hours of 
power-ON time. You can set thresholds for these accumulating timers. Once the threshold is 
exceeded, an output terminal will turn ON. One use of this is for preventative maintenance. A 
signal light or audible alert could signal the need for servicing, calibration, etc.

Opt.
Code

Symbol Function Name
Output 
State

Description

11 RNT Run Time Over ON when the accumulated time spent in Run 
Mode exceeds the limit (B034)

OFF when the accumulated time in Run Mode 
is still less than the limit (B034)

12 ONT Power-ON Time 
Over 

ON when the accumulated power-ON time 
exceeds the limit (B034)

OFF when the accumulated power-ON time is 
less than the limit (B034)

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

B034

Notes: 
• The two outputs [RNT] and [ONT] share the 

same time threshold parameter, B040. 
Typically, you will use either the [RNT] or the 
[ONT] output only—not both at once.

• These outputs are useful for the notification 
that a preventative maintenance interval has 
expired.

See I/O specs on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

+
–

24VDC

L

Example: (Requires output configuration—
see page 3–48.)

RNT or
ONT
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Thermal Warning 
Signal

The purpose of the electronic thermal setting is to protect the motor from overloading, 
overheating and being damaged. The setting is based on the rated motor current. The inverter 
calculates the thermal rise (heating) of the motor using the current output to the motor squared, 
integrated over the time spent at those levels. This feature allows the motor to draw excessive 
current for relatively short periods of time, allowing time for cooling.

The Thermal Warning output [THM]  turns ON to provide a warning before the inverter trips 
for electronic thermal protection. You can set a unique thermal protection level for each of the 
three motor profiles, as shown in the table below.

For example, suppose you have inverter model 
L300P-110LFU2. The rated motor current is 
44A. The setting range is (0.2 * 44) to (1.2 *44), 
or 8.8A to 52.8A. For a setting of B012=44A 
(current at 100%), the figure to the right shows 
the curve. 

The electronic thermal characteristic adjusts the 
way the inverter calculates thermal heating, 
based on the type of torque control the inverter 
uses.

CAUTION: When the motor runs at lower 
speeds, the cooling effect of the motor’s internal 
fan decreases.

The table below shows the settings and their meanings. Use the one that matches your load.

Reduced Torque Characteristic – The left graph below shows the effect of the reduced torque 
characteristic curve. For example, at 20Hz, the output current level to cause overheating in a 
fixed time period is reduced by a factor of 0.8. The right graph below shows the reduced trip 
current levels in those conditions for given trip times.

Function
Code

Function/Description Data or Range

B012 / B212 Electronic thermal setting (calculated 
within the inverter from current output) 

Range is 0.2 * rated current to
1.2 * rated current

Function Code Data Function/Description

B013 / B213

00 Reduced torque

01 Constant torque

02 Free-setting

Trip
time (s)

Trip current at 60 Hz

60

0.5

0
53.4 69 92

A

116% 150% 200%

Trip
time (s)

Reduced trip current at 20 Hz

Trip current 
reduction 

factor

x 1.0

x 0.8

x 0.6

0
5 20 60

Hz A

60

0.5

0
73.642.7 55.2

92.8% 120% 160%
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Constant Torque Characteristic – The left graph below shows the effect of the constant 
torque characteristic curve. For example, at 2.5Hz, the output current level to cause overheating 
in a fixed time period is reduced by a factor of 0.9. The right graph below shows the reduced 
trip current levels in those conditions for given trip times.

Free Thermal Characteristic - It is possible to set the electronic thermal characteristic using a 
free-form curve defined by three data points, according to the table below.

The left graph below shows the region for possible free-setting curves. The right graph below 
shows an example curve defined by three data points specified by B015 – B020.

Function
Code

Name Description Range

B015 / 
B017 /
B019

Free-setting electronic 
thermal frequency 1, 2, 3

Data point coordinates for Hz axis 
(horizontal) in the free-form curve

0 to 400Hz

B016 / 
B018 / 
B020

Free setting electronic 
thermal current 1, 2, 3

Data point coordinates for Ampere 
axis (vertical) in the free-form curve

0.0 = (disable)
0.1 to 1000.

Trip
time (s)

Reduced trip current at 2.5 Hz

Trip current 
reduction 

factor
x 1.0

x 0.9

x 0.8

0
2.5 5 60

Hz A

60

0.5

0
82.847.8 62.1

104% 135% 180%

Output
current (A)

Setting range

max. freq.

B020

B018

B016

B015 B017 B019 Ax04

Trip current 
reduction 

factor

Output freq.

x 1.0

x 0.8

0
5 400

Hz Hz0
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Suppose the electronic thermal setting (B012) is set to 44 Amperes. The graph below shows the 
effect of the free setting torque characteristic curve. For example, at (B017) Hz, the output 
current level to cause overheating in a fixed time period is reduced to (B018) A. Points (x), (y), 
and (z) show the adjusted trip current levels in those conditions for given trip times.

Thermal Warning Output – Using parameter C061, you can set the threshold from 0 to 100% 
of trip level for turning ON the intelligent output [THM] at that level. In this way, the inverter 
provides an early warning before the electronic thermal overload trips and turns OFF the output 
to the motor.

Opt.
Code Symbol Function Name Output 

State Description

13 THM Thermal Warning ON when the electronic thermal calculation 
exceeds the set limit

OFF when the electronic thermal calculation is 
less than the set limit

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

C061

Notes: 
• The electronic thermal overload function uses 

the output current and time to calculate 
thermal heating of the motor.

• The thermistor input of the inverter is a 
separate function from the electronic thermal 
function. You can set a threshold for it to 
cause a trip alarm at a particular thermistor 
resistance.

Trip
time (s)

(x) = B018 value x 116%
(y) = B018 value x 120%
(z) = B018 value x 150%

Reduced trip current at (B017) Hz

60

0

0.5

(x) (y) (z)
A

See I/O specs 
on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

24VDC

L

Example: (Requires output configuration—
see page 3–48.)

+
–

THM
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Run Command 
Source Monitor
(–xFU2 models 
only)

The Run Command Source Monitor intelligent output provides a way to monitor the present 
setting for the Run Command Source Setting parameter (A002). Some applications use devices 
external to the inverter, such as intelligent keypads or network control hosts, which can change 
the A002 parameter setting at various times in normal operation. In the control environment of 
the inverter, a Hand/Auto or Manual/Auto mode change requires writing a new A002 setting. 
So, the intelligent output Run Command Source Monitor provides a way for external devices to 
know whether the inverter’s Run command source is the operator keypad (A002=02), or some 
other source (A002=01, 03, 04, or 05).

Opt.
Code

Symbol Function Name
Output 
State

Description

27 RMD Run command 
source monitor

ON when the Run command source is the 
operator keypad (A002=02)

OFF when the Run command source is not the 
operator keypad (A002=01, 03, 04, or 05)

Valid for 
outputs:

11, 12, AL0 – AL2

Required 
settings:

A002

Notes: 
• This function is available only on –xFU2 

models.
• The Run Command Source Monitor output 

can serve as a Hand/Auto or Manual/Auto 
input to a building automation system.

• To ensure safe inverter operation in 
networked applications, you cannot change 
an intelligent terminal assignment to/from 
[RMD] (option code 27) via the network. 
However, you can still read an [RMD] output 
assignment over the network.

See I/O specs on page 4–8.

Inverter output terminal circuit

12C 12A 11C 11A

24VDC
L

Example: (Requires output configuration—
see page 3–48.)

+
–

RMD
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Analog Input Operation
Input Terminal 
Signals

The L300P inverters provide for an external analog 
input to command the inverter frequency output 
value. The analog input terminal group includes 
the [L], [OI], [O], [O2], and [H] terminals on the 
control connector, which provide for Voltage [O] 
and [O2] or Current [OI] input. All analog input 
signals must use the analog ground [L].

If you use either the voltage or current analog 
input, you must select one of them using the logic 
input terminal function [AT] analog type. If 
terminal [AT] is OFF, the voltage input [O] can 
command the inverter output frequency. If terminal 
[AT] is ON, the current input [OI] can command 
the inverter output frequency. The [AT] terminal function is covered in “Analog Input Current/
Voltage Select” on page 4–25. Remember that you must also set A001 = 01 to select analog 
input as the frequency source.

Input Filter Parameter A016 adjusts an analog input sampling filter that evenly affects all analog inputs 
shown above. The parameter range is from 1 to 30. Before increasing the filter setting, we 
recommend trying to find the cause of input analog noise. Check for the following:

• Look for nearby high-current wiring— avoid any parallel runs to the analog signal wires

• Check the impedance between the chassis grounds of the inverter and the analog signal 
source equipment—a good connection will have a low impedance

• Check the analog signal ground impedance from the inverter to the analog signal source

• Avoid ground loops... measure the current (or voltage drop) on the chassis ground and signal 
ground connections; the ideal value is zero

After taking steps to minimize the analog signal noise sources, increase the filter time constant 
(A016) until the motor output frequency (when commanded by analog inputs) becomes stable.

H O2 FMAM

O OIL AMI

+V Ref.

A GND

0—10V input

4—20mA input

-10 / 0 / +10V 

+ –

4-20 mA

Frequency
source setting

1 V – I select

0 – 10V

+ – -10 / 0 / +10V

O2

O

O

OI

H O2 FMAM

O OIL AMI

A005 A001=01

A005=00

A005=01

AT=ON

AT=OFF

AT=ON

0

1

0

1

0

1

0

1

Frequency setting
Terminals

(Keypad)

OI

O2

O

L

AT
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The following tables show the available analog input settings. Parameters A006, A005, and 
input terminal [AT] determine the External Frequency Command input terminals that are avail-
able and how they function. The Trim Frequency input [O2]—[L] is available (when check 
marked) for some settings. Other settings make the reverse direction (in addition to forward) 
available for bipolar input settings (when check marked). A bipolar input responds to positive 
input voltages with a forward motor rotation, and to negative input voltages with reverse motor 
rotation.

The table below applies when the [AT] input function is not assigned to any intelligent input 
terminal. The A005 setting, normally used in conjunction with an [AT] input, is ignored.

CAUTION: Whenever the [AT] input function is not assigned to any input terminal and 
reverse rotation is not desired or is unsafe, be sure to set A006 = 01. This setting makes the 
[O2] input unipolar only.

A006 A005 [AT]
External Frequency 

Command Input
Trim Frequency 
Command Input

Reverse avail.
(bipolar input)

00 00 OFF [O] ✘ ✘

ON [OI] ✘ ✘

01 OFF [O] ✘ ✘

ON [O2] ✘ ✔

01 00
Example 

1

OFF [O] [O2] ✘

ON [OI] [O2] ✘

01 OFF [O] [O2] ✘

ON [O2] ✘ ✔

02 00
Example 

2

OFF [O] [O2] ✔

ON [OI] [O2] ✔

01 OFF [O] [O2] ✔

ON [O2] ✘ ✔

A006 A005 [AT]
External Frequency 

Command Input
Trim Frequency 
Command Input

Reverse avail.
(bipolar input)

00 —
(not 

assigned 
to any 
input 

terminal)

[O2] ✘ ✔

01 — Summation of
[O] and [OI]

[O2] ✘

02 — Summation of
[O] and [OI]

[O2] ✔
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The examples below show how the use of the [AT] input during operation enables/disables the 
Trim Frequency Command input [O2]—[L]. The [O2]—[L] input may be used alone, or as an 
offset control for the primary analog input.

Wiring Examples Using an external potentiometer is a common way to 
control the inverter output frequency (and a good way 
to learn how to use the analog inputs). The potentiome-
ter uses the built-in 10V reference [H] and the analog 
ground [L] for excitation, and the voltage input [O] for 
the signal. By default, the [AT] terminal selects the 
voltage input when it is OFF. Take care to use the 
proper resistance for the potentiometer, which is
1 to 2kΩ, 2 Watts.

Voltage Input – The 0–10V voltage input circuit uses terminals [L] and [O]. Attach the signal 
cable’s shield wire to terminal [L] on the inverter only. DO NOT ground the shield at its other 
end. Maintain the voltage within specifications (do not apply negative voltage). Normally a 
full-span input level (10V) will give the maximum motor frequency. You can use parameter 
A014 to select a lower voltage for full output frequency (such as using a 5V input signal).

Bipolar Voltage Input – The -10 / 0 / +10V voltage input circuit uses terminals [L] and [O2]. 
Attach the cable’s shield wire to terminal [L] on the inverter only. Maintain the voltage within 
specifications. Only apply a negative voltage if this input is configured for bipolar use.

Current Input – The current input circuit uses terminals [OI] and [L]. The current comes from 
a sourcing type transmitter; a sinking type will not work! This means the current must flow into 
terminal [OI], and terminal [L] is the return back to the transmitter. The input impedance from 
[OI] to [L] is 250 Ohms. Attach the cable’s shield wire to terminal [L] on the inverter only.

[FW] terminal

External frequency 
command

[O/OI] terminal

[AT] terminal

Actual frequency 
command

0

Example 1: Without reverse Example 2: With reverse

Trim frequency 
command

[O2] terminal

FOI

FOI + FO2

FO2
0

FO

0

FO + FO2

[FW] terminal

External frequency 
command

[O/OI] terminal

[AT] terminal

Actual frequency 
command

0

Trim frequency 
command

[O2] terminal

FOI

FOI + FO2

FO2
0

FO

0

FO + FO2

forward
reverse

H O2 FMAM

O OIL AMI

1 to 2 kΩ, 2W
L H

H O2 FMAM

O OIL AMI

+ –

0 to 9.6 VDC,
0 to 10V nominal

4 to 19.6 mA DC,
4 to 20 mA nominal

See I/O specs on page 4–8.

+ –

-10 to 9.6 VDC,
0 to 10V nominal

Standard Voltage Input Bipolar Voltage Input Current Input

H O2 FMAM

O OIL AMI

H O2 FMAM

O OIL AMI
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Analog Output Operation
In the system design for inverter applications it is sometimes useful to monitor inverter opera-
tion from a remote location. In some cases, this requires only a panel-mounted analog meter 
(moving-coil type). In other cases, a controller device such as a PLC may monitor and 
command the inverter frequency and other functions. The inverter can transmit the (real-time) 
output frequency, current, or other parameters to the controller to confirm actual operation. The 
monitor output terminal [FM] serves these purposes.

[FM] Terminal The inverter provides an analog/digital output on 
terminal [FM] (frequency monitor). It uses 
terminal [CM1] as digital GND reference. While 
many applications use this terminal to monitor 
the output frequency, you can configure terminal 
[FM] to transmit one of several parameters. 
Most use pulse-width modulation (PWM) to 
represent the value, while one parameter uses 
frequency modulation (FM) to represent the 
value. Do not confuse the notation for terminal 
[FM] (with brackets) with FM signal type.

The following table lists the configurations for terminal [FM]. Use function C027 to configure.

PWM Signal Type The pulse-width modulated signal at terminal 
[FM] is primarily designed for driving a moving-
coil meter. The pulse-width modulated signal is 
automatically averaged by the inertia of the 
moving-coil mechanism—converting the PWM 
signal to an analog representation. Be sure to use 
a 10V full-scale DC voltmeter.

The signal characteristics of terminal [FM] in 
PWM signal configuration is shown below

Func. Code Description Waveform Full Scale Value

C027

00 Output frequency PWM 0 – Max. frequency (Hz)

01 Output current PWM 0 – 200%

03 Output frequency FM 0 – Max. frequency (Hz)

04 Output voltage PWM 0 – 100%

05 Input electric power PWM 0 – 200%

06 Thermal load ratio PWM 0 – 100%

07 LAD frequency PWM 0 – Max. frequency (Hz)

See I/O specs on page 4–8.

D GND

Analog/digital Output

H O2 FMAM

O OIL

FWTH

PLCP24 CM1AMI

H O2 FMAM

O OIL

FWTH

PLCP24 CM1AMI

+ –

0 to 10V,
1 mA

0 V
time

[FM]

10V

T

t [FM] output value t
T
---=

Period T = 6.4ms constant (156 Hz)
Selects FM type output

= [FM] terminal 8-bit gain settingB081

C27=00, 01, 04, 05, 06, 07
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To calibrate the meter reading, generate a full-scale output (always ON) at terminal [FM]. Then 
use parameter B081(gain setting from 0 to 255) to adjust the corresponding full-scale reading 
of the meter. For example, when the inverter output frequency is 60 Hz, change the value of 
B081 so that the meter reads 60 Hz.

TIP: When using the analog meter for monitoring, adjust the meter so it has a zero reading 
when the [FM] output is zero. Then use scale factor B081 to adjust the [FM] output so the 
maximum frequency in the inverter corresponds to a full-scale reading on the meter.

NOTE: The indicator accuracy after adjustment is about ±5%. Depending on the motor, the 
accuracy may exceed this value.

PWM Smoothing Circuit – Note that 
standard analog output signals are avail-
able on terminals [AM] and [AMI], 
covered in the next section. However, you 
may also wish to smooth the PWM signal 
at the [FM] terminal and convert it to an 
analog signal. The [FM] terminal will then 
generate a relatively stable DC analog 
voltage that represents the output value. 
To do this, use the circuit shown to the 
right. Note the output impedance of the 
circuit is at least 82kΩ, so the monitoring 
device needs an input impedance of 1MΩ 
or greater. Otherwise, the impedance of 
the smoothing circuit will cause a non-
linearity in the reading.

FM Signal Type The frequency-modulated output at terminal [FM] varies its frequency with the inverter output 
frequency (C027=03). The multiplier is 10, such that the maximum [FM] signal frequency is 
10 x 400 = 4 kHz, or 10 times the inverter’s maximum output frequency. The signal at [FM] 
uses the parameter A004 Maximum frequency setting. For example, if A004 = 60 Hz, then the 
maximum signal value at [FM] will be 10 x 60 = 600 Hz. This frequency is digitally controlled 
for accuracy, and does not use the B081 gain setting when C027=03 (frequency modulation).

H O2 FMAM

O OIL

FWTH

PLCP24 CM1AMI

+

–

+

–

+
33kΩ

82kΩ

Volts1μF

T 1
[FM] Output value 10×
---------------------------------------------------------=

Selects FM type output

[FM]

T

[FM] Output value 1
T 10×
---------------=

C027=03

t

10V

0V

50% fixed duty cycle
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[AM] and [AMI] 
Terminals

The [AM] and [AMI] terminals provide signals 
to monitor various inverter parameters such as 
output frequency, output current, and output 
voltage. The terminals provide these analog 
signal types:

• [AM] terminal: 0–10V analog output signal

• [AMI] terminal: 4–20mA analog output 
signal

These signals both use the [L] terminal for signal 
return. Six different inverter parameters may be 
monitored independently at either the [AM] or 
[AMI] terminal, as listed in the table below. Use 
C028 to configure terminal [AM], and C029 to configure terminal [AMI].

The analog signals may need some adjustment for gain or offset to compensate for variances in 
the system. For example, the signals may drive a panel meter and require a full-scale gain 
adjustment. The table below lists the function codes and their descriptions. The [AM] and 
[AMI] terminals have separate gain and offset adjustments. Note the default values. 

Func. Terminal Code Description Full Scale Value

C028 / 
C029

[AM] / 
[AMI]

00 Output frequency 0 – Max. frequency (Hz)

01 Output current 0 – 200%

04 Output voltage 0 – 100%

05 Input electric power 0 – 200%

06 Thermal load ratio 0 – 100%

07 LAD frequency 0 – Max. frequency (Hz)

Func. Terminal Description Range Default

B080 [AM] Gain adjustment 0 – 255 180

C086 [AM] Offset Adjustment 0.0 – 10.0V 0.0V

C087 [AMI] Gain adjustment 0 – 255 80

C088 [AMI] Offset Adjustment 0.0 – 20.0mA 0.0mA

H O2 FMAM

O OIL AMI

A GND

See I/O specs on page 4–8

0–10V analog output

4–20mA analog output
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Setting Motor Constants
Introduction The inverter has two separate motor constant sets named 1st, and 2nd. The 1st motor constant 

set is the default, while the SET intelligent input selects the 2nd motor constant set. The follow-
ing table lists the V/f characteristic control methods:

The following table lists the parameters associated with motor constant settings. Set each 
constant according the motor type in the application. When connecting more than one motor (in 
parallel) to the inverter, set the constant values that are closest to the total capacity of the 
combined motors. 

Adjusting Motor 
Stability

Observe the motor for instability, particularly when it is rotating at constant speed. A common 
symptom of instability, sometimes called “hunting,” is marked by a “rattling” sound in the 
motor. To correct the instability, you can adjust some of the parameters listed above.

• Check the motor capacity (H003 / H203), and ensure it matches the capacity of your motor.

• Check the motor poles setting (H004 / H204), and ensure it matches your motor.

• If you are using a stabilization constant (H006 / H206) that is lower than the default setting, 
trying raising it gradually up to the default value.

• If the motor you are using is greater than the rated capacity of the inverter, lower the value of 
H006 / H206.

• If instability persists after you have checked the items above, try the procedures in the table 
below. As soon as adjusting a parameter seems to produce stability, don’t change the param-
eter further. If adjusting a parameter has no effect, restore it to its original (or default) value. 

V/f Characteristic Control Method 1st motor 2nd motor

V/f constant torque ✔ ✔

V/f variable torque ✔ ✔

V/f free-setting curve ✔ ✔

Func. Name Data Notes

A044 /
A244

V/f characteristic curve selection, 
1st / 2nd motors

00 V/f constant torque

01 V/f variable torque

02 V/f free-setting curve

H003 Motor capacity, 1st motor 0.2 – 75 Units: kW

H203 Motor capacity, 2nd motor 0.2 – 75 Units: kW

H004 Motor poles setting, 1st motor 2 / 4 / 6 / 8 Units: poles

H204 Motor poles setting, 2nd motor 2 / 4 / 6 / 8 Units: poles

H006 Motor stabilization constant, 1st 
motor

100 —

H206 Motor stabilization constant, 2nd 
motor

100 —

Func. Name Data Range Procedure

A045 Output gain 20 – 100 Lower this value

B083 Carrier frequency 0.5 – 8.0 Lower this value

H006 / H206 Motor stabilization constant 0 – 255 Lower or raise this value
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PID Loop Operation
In standard operation, the inverter uses a reference source selected by parameter A001 for the 
output frequency, which may be a fixed value (F001), a variable set by the front panel potenti-
ometer, or value from an analog input (voltage or current). To enable PID operation, set A071 = 
01. This causes the inverter to calculate the target frequency, or setpoint. An optional intelligent 
input assignment (code 23), PID Disable, will temporarily disable PID operation when active.

A calculated target frequency can have a lot of advantages. It lets the inverter adjust the motor 
speed to optimize some other process variable of interest, potentially saving energy as well. 
Refer to the figure below. The motor acts upon the external process. To control that external 
process, the inverter must monitor the process variable. This requires wiring a sensor to either 
the analog input terminal [O] (voltage) or terminal [OI] (current).

When enabled, the PID loop calculates the ideal output frequency to minimize the loop error. 
This means we no longer command the inverter to run at a particular frequency, but we specify 
the ideal value for the process variable. That ideal value is called the setpoint, and is specified 
in the units of the external process variable. For a pump application it may be gallons/minute, 
or it could be air velocity or temperature for an HVAC unit. Parameter A075 is a scale factor 
that relates the external process variable units to motor frequency. The figure below is a more 
detailed diagram of the PID function.

PID
Calculation

ErrorSetpoint

SP

PV

Freq. Inverter
Output Motor

External
Process

Sensor
Process Variable (PV)

Inverter

Analog input

Monitor

P gain

I gain

D gain

Analog input scaling
Voltage

O

OI

L

Current

A GND

PID V/I
input select

Process Variable
(Feedback)

Scale factor

Frequency 
setting

Scale factor

Setpoint
(Target)

Scale factor 
reciprocal

Multi-speed 
settings

Standard
setting

Frequency 
source select

Potentiometer
on keypad

Error

[AT]

V/I input 
select PV

SP

A001

A075 F001

F001

1/A075

A020 to A035 A072

A073

A075 D004

A074

A076

A011

A015

A012

A013 A014

A071

PID Enable

C023

PID Disable

optional
intelligent input

PID

Normal
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Configuring the Inverter for Multiple Motors
Simultaneous 
Connections

For some applications, you may need to connect two 
or more motors (wired in parallel) to a single 
inverter’s output. For example, this is common in 
conveyor applications where two separate conveyors 
need to have approximately the same speed. The use 
of two motors may be less expensive than making the 
mechanical link for one motor to drive multiple 
conveyors.

Some of the requirements when using multiple 
motors with one drive are:

• The inverter output must be rated to handle the sum of the currents from the motors.

• You must use separate thermal protection switches or devices to protect each motor. Locate 
the device for each motor inside the motor housing or as close to it as possible.

• The wiring for the motors must be permanently connected in parallel (do not remove one 
motor from the circuit during operation).

NOTE: The motor speeds are identical only in theory. That is because slight differences in 
their loads will cause one motor to slip a little more than another, even if the motors are identi-
cal. Therefore, do not use this technique for multi-axis machinery that must maintain a fixed 
position reference between its axes.

Inverter
Configuration for 
Multiple Motor 
Types

Some equipment manufacturers may have a single type of machine that has to support three 
different motor types—and only one motor will be connected at a time. For example, an OEM 
may sell basically the same machine to the US market and the European market. Some reasons 
why the OEM needs two motor profiles are:

• The inverter power input voltage is different for these markets.

• The required motor type is also different for each destination.

In other cases, the inverter needs two profiles because the machine characteristics vary accord-
ing to these situations:

• Sometimes the motor load is very light and can move fast. Other times the motor load is 
heavy and must move slower. Using two profiles allows the motor speed, acceleration and 
deceleration to be optimal for the load and avoid inverter trip (fault) events.

• Sometimes the slower version of the machine does not have special braking options, but a 
higher performance version does have braking features.

Having multiple motor profiles lets you store different “personalities” for motors in one 
inverter’s memory. The inverter allows the final selection between two motor types to be made 
in the field through the use of the intelligent input terminal functions [SET]. This provides an 
extra level of flexibility needed in particular situations. See the following page.

Inverter

to Nth motor

Motor 1

Motor 2

U/T1
V/T2
W/T3
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Parameters for the second motor have function codes of the form x2xx. They appear immedi-
ately after the first motor’s parameter in the menu listing order. The following table lists the 
parameters that have the second parameter registers for programming.

Function Name
Parameter Codes

1st motor 2nd motor

Multi-speed frequency setting A020 A220

Acceleration time setting (Acceleration 1) F002 F202

Deceleration time setting (Deceleration 1) F003 F203

Second acceleration time setting (Acceleration 2) A092 A292

Second deceleration time setting (Deceleration 2) A093 A293

Select method to use 2nd acceleration/deceleration A094 A294

Acc1 to Acc2 frequency transition point A095 A295

Dec1 to Dec2 frequency transition point A096 A296

Level of electronic thermal setting B012 B212

Select electronic thermal characteristic B013 B213

Torque boost method selection A041 A241

Manual torque boost value A042 A242

Manual torque boost frequency adjustment A043 A243

V/F characteristic curve selection A044 A244

Base frequency setting A003 A203

Maximum frequency setting A004 A204

Select motor constant H002 H202

Motor capacity setting H003 H203

Motor poles setting H004 H204

Motor stabilization constant H006 H206

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 351 of 2133



Inverter System 
Accessories
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Introduction
A motor speed control system will obviously include a motor and inverter, as well as fuses for 
safety. If you are connecting a motor to the inverter on a test bench just to get started, that’s all 
you may need for now. But a fully developed system can also have a variety of additional 
components. Some can be for noise suppression, while others may enhance the inverter’s 
braking performance. The figure below shows a system with several possible optional compo-
nents, and the table gives part number information.

AC reactor, or 
LCR filter

RF noise
 filter

DC link choke

AC reactor

EMI filter

Capacitive filter

Braking 
resistor

Braking 
unit

RF noise filter

Thermal switch

NOTE: The Hitachi part number series for accessories 
includes different sizes of each part type, specified by the
–x suffix. Hitachi product literature can help match size 
and rating of your inverter to the proper accessory size.

Each inverter accessory comes with its own printed 
instruction manual. Please refer to those manuals for com-
plete installation details. This chapter gives only an over-
view of these optional system devices. For more 
information on Hitachi inverter system accessories, please 
contact your Hitachi sales office or distributor.

Name

Part No. Series
See 

pageEurope, 
Japan

USA

AC reactor, input 
side

ALI–xxx HRL–x 5–3

RF noise filter, 
input side

ZCL–x ZCL–x 5–4

EMI filter
(EMC Class A)

NF–CEHx NF–CEHxx 5–4

EMI filter
(EMC Class B)

NF–CEHx,
with FC–Hx

NF–CEHxx,
with FC–Hx

5–4

Capacitive filter CFI–x CFI–x 5–4

DC link choke — HDC–xxx 5–4

Braking resistor JRB–xxx–x,
SRB–xxx–x

JRB–xxx,
SRB–xxx

5–9

Braking resistor, 
NEMA-rated

— HRB1-x,
HRB2-x
HRB3-x

5–9

Resistance braking 
unit

BRD–xxx BRD–xxx 5–8

RF noise filter, 
output side

ZCL–xxx ZCL–xxx 5–4

AC reactor, output 
side

ALI–xxx HRL–xxx 5–3

LCR filter — HRL–xxxC 5–3

Digital input 
expansion card

SJ-DG 5–5

Inverter

(second expan-
sion card site)

Digital input
expansion card

Switch

Breaker, 
MCCB or 

GFI

Ferrite core

Expansion bay

L1 L2 L3

T1 T2 T3

Motor

R S T

+1

+

RB

GND

U V W

–

From power supply
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Component Descriptions
AC Reactors, 
Input Side

This is useful in suppressing harmonics induced on the power supply lines, or when the main 
power voltage imbalance exceeds 3% (and power source capacity is more than 500 kVA), or to 
smooth out line fluctuations. It also improves the power factor.

In the following cases for a general-purpose inverter, a large peak current flows on the main 
power supply side, and is able to destroy the inverter module:

• If the unbalanced factor of the power supply is 3% or higher

• If the power supply capacity is at least 10 times greater than the inverter capacity (the power 
supply capacity is 500 kVA or more)

• If abrupt power supply changes are expected

Examples of these situations include:

1. Several inverters are connected in parallel, sharing the same power bus

2. A thyristor converter and an inverter are connected in parallel, sharing the same power bus

3. An installed phase-advance (power factor correction) capacitor opens and closes

Where these conditions exist or when the connected equipment must be highly reliable, install 
an AC reactor between the power supply and the inverter. Also, where the effects of an indirect 
lightning strike is possible, install a lightning conductor.

Example calculation:

VRS = 205V, VST = 203V, VTR = 197V,
where VRS is R-S line voltage, VST is S-T line voltage, VTR is T-R line voltage 

Please refer to the documentation that comes with the AC reactor for installation instructions.

AC Reactor or 
LCR Filter,
Output Side

This reactor reduces the vibrations in the motor caused by the inverter’s switching waveforms, 
by smoothing the waveforms to approximate commercial power quality. It is also useful to 
reduce the reflected voltage wave phenomenon when wiring from the inverter to the motor is 
more than 10m in length. Please refer to the documentation that comes with the AC reactor for 
installation instructions.

Unbalance factor of voltage Max. line voltage (min.) Mean line voltage–
Meanline voltage

----------------------------------------------------------------------------------------------------------- 100×=

VRS VRS VST VTR+ +( ) 3⁄–

VRS VST VTR+ +( ) 3⁄
-------------------------------------------------------------------------- 100×=

205 202–
202

------------------------ 100× 1.5%= =
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Zero-phase 
Reactor (RF 
Noise Filter)

Electrical noise interference may occur 
on nearby equipment such as a radio 
receiver. The zero-phase reactor helps 
reduce radiated noise from the inverter 
wiring. It can be used on the input or 
output side of the inverter. The example 
zero-phase reactor shown to the right 
comes with a mounting bracket. The 
wiring must go through the opening to 
reduce the RF component of the electri-
cal noise. Loop the wires three times 
(four turns) to attain the full RF filtering 
effect. For larger wire sizes, place 
multiple zero-phase reactors (up to 
four) side-by-side for a greater filtering 
effect.

EMI Filter The EMI filter reduces the conducted noise on the power supply wiring generated by the 
inverter. Connect the EMI filter to the inverter primary (input side). The NF–CEH–x series 
filter is required for compliance to the EMC Class A directive (Europe) and C-TICK (Austra-
lia). See “CE–EMC Installation Guidelines” on page D–2.

WARNING: The EMI filter has high internal leakage current from power wiring to the chassis. 
Therefore, connect the chassis ground of the EMI filter before making the power connections to 
avoid danger of shock or injury.

Ferrite Core To meet EMC Class B limit an optional ferrite core (FC–Hx) must be inserted between the
NF–CEHx filter (above) and the inverter.

RF Noise Filter 
(Capacitive)

This capacitive filter reduces radiated noise from the main power wires in the inverter input 
side. This filter is not for achieving CE compliance and is applicable only to the input side only 
of the inverter. It comes in two versions—for 200V class inverters or 400V class inverters. 
Please refer to the documentation that comes with the radio noise filter for installation instruc-
tions.

DC Link Choke The DC choke (reactor) suppresses harmonics generated by the inverter. It attenuates the high-
frequency components on the inverter’s internal DC bus (link). However, note that it does not 
protect the diode rectifiers in the inverter input circuit.

ZCL–x

NF–CEHxx
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Expansion Card The SJ–DG Digital Input Card installs in the 
inverter’s expansion bay. This card accepts up to 
eight digital input signals, in addition to the intel-
ligent inputs on the inverter’s control terminal 
connector. All wiring associated with card 
connects to its PWB connectors as shown.

The digital input card can be used for external 
input of accel/decel values. Use parameter A001 
to configure a digital input card for the frequency 
setting source. Use parameter P31 to configure a 
digital input card for the acceleration and deceler-
ation time setting source. Refer to the SJ–DG 
manual for more information.

NOTE: You can install the SJ–DG card in either expansion slots or both, if needed. The SJ–FB 
Encoder input card may not be used with the L300P inverter.

The SJ–DN DeviceNet Interface Card (not shown) installs in the inverter’s expansion bay. It 
connects directly to a DeviceNet network. Inverter parameters P044 to P049 configure the card. 
Only one DeviceNet card may be installed in an inverter. For more information, please refer to 
the DeviceNet Expansion Card Instruction Manual.

PWB connector 
to external wiring 

SJ–DG Digital Input Card
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Dynamic Braking
Introduction The purpose of dynamic braking is to improve the ability of the inverter 

to stop (decelerate) the motor and load. This becomes necessary when an 
application has some or all of the following characteristics:

• High load inertia compared to the available motor torque

• The application requires frequent or sudden changes in speed

• System losses are not great enough to slow the motor as needed

When the inverter reduces its output frequency to decelerate the load, the 
motor can temporarily become a generator. This occurs when the motor 
rotation frequency is higher than the inverter output frequency. This 
condition can cause the inverter DC bus voltage to rise, resulting in an 
over-voltage trip. In many applications, the over-voltage condition 
serves as a warning signal that we have exceeded the deceleration 
capabilities of the system. L300P inverters rated 20hp (15kW) and below 
have a built-in braking unit, which sends the regenerative energy from 
the motor during deceleration to the optional braking resistor(s). 
External braking units may also be used if higher braking torques and/or 
duty cycles are required. The dynamic braking resistor serves as a load, 
developing heat to stop the motor just as brakes on an automobile 
develop heat during braking.

The braking resistor is the main component of a braking resistor 
assembly that includes an integral thermal fuse and thermally activated 
alarm relay for safety. However, be careful to avoid overheating its resis-
tor. The thermal fuse and thermal relay are safeguards for extreme condi-
tions, but the inverter can maintain braking usage in a safe zone.

Dynamic Braking 
Usage Ratio

The inverter controls braking via a duty cycle 
method (percent of the time braking is ON 
versus total time). Parameter B090 sets the 
dynamic braking usage ratio. In the graph to 
the right, the example shows three uses of 
dynamic braking in a 100-second period. The 
inverter calculates the average percentage 
usage in that time (T%). The percentage of 
usage is proportional to the heat dissipated. If 
T% is greater than the B090 parameter 
setting, the inverter enters the Trip Mode and 
turns OFF the frequency output.

Please note the following (for L300P–110LF/HF and L300P–150LF/HF).

• When B090 is set for 0%, dynamic braking is not performed.

• When the T% value exceeds the limit set by B090, the inverter will trip (ending the dynamic 
braking).

• The cable from the external resistor to the inverter must not exceed 5 m (16 ft.) length.

• The individual wires from the resistor to the inverter must not be bundled together.

NOTE: Inverters rated 25hp (18.5kW) and above (L300P–185LF/HF to L300P–750LF/
1320HF) do not include an internal braking unit. Parameters B090, B095, and B096 do not 
apply to these models.

Braking
Resistor

B90

BRD

T% t1 t2 t3 ...+ + +( )
100 seconds

------------------------------------------ 100×=

t

t1 t2 t3

ON

OFF
100s
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L300P
Dynamic Braking 
Selection Tables

The L300P Series 200V and 400V class inverter models in the 2 to 20 hp range have internal 
braking units. Additional stopping torque is available by adding external resistors. The required 
braking torque depends on your particular application. Other tables in this section will help you 
choose the proper resistor.

2 to 20 hp (1.5 to 15 kW) Without
External Resistor

Using Optional
 External Resistor

Performance @ 
Minimum Resistance

Minimum 
Resistance 
@ 100% 
Braking 

Duty 
Cycle, 
Ohms

Voltage 
Class

Model Number,
L300P

Motor 
hp

Braking 
Unit

Braking 
Torque

@ 60Hz, 
%

External 
Resistance, 

Ohms

Braking 
Torque 
@60Hz,

%

Minimum 
Resistance, 

Ohms

Max. 
Braking 

Duty 
Cycle, 

%

200V

–015LFU2 2 Built-in 50 35 200 35 10 100

–022LFU2 3 Built-in 20 35 160 35 10 100

–037LFU2 5 Built-in 20 35 100 35 10 100

–055LFU2 7.5 Built-in 20 17 80 17 10 50

–075LFU2 10 Built-in 20 17 80 17 10 50

–110LFU2 15 Built-in 10 17 55 17 10 50

–150LFU2 20 Built-in 10 17 50 17 10 50

400V

–015HFU2, HFE2 2 Built-in 50 100 200 100 10 300

–022HFU2, HFE2 3 Built-in 20 100 200 100 10 300

–037HFU2, HFE2 5 Built-in 20 100 140 70 10 200

–055HFU2, HFE2 7.5 Built-in 20 70 100 70 10 200

–075HFU2, HFE2 10 Built-in 20 70 100 50 10 150

–110HFU2, HFE2 15 Built-in 10 70 55 50 10 150

–150HFU2, HFE2 20 Built-in 10 70 50 50 10 150
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Choosing a 
Braking Unit

The L300P Series 200V and 400V class inverter models in the 25 to 175 hp range require 
external braking units to increase their braking torque. Braking units come in sizes correspond-
ing to the power handing requirements for particular resistor selections. Be sure to follow the 
installation instructions accompanying each braking unit. The following table lists the L300P 
inverter models and their applicable braking units.

25 to 175 hp (18.5 to 132 kW)

Peformance Versus External Braking Unit

Without 
Braking 

Unit
With Braking Unit

Voltage 
Class

Model Number

L300P

Motor 
hp

Braking 
Torque,

%

Braking Unit 
Model

Minimum 
Resistance, 

Ohms

Max. 
Braking 

Duty Cycle, 
%

Minimum 
Resistance 
@ 100% 
Braking 

Duty Cycle, 
Ohms

200V

–185LFU2
25

10 BRD–E2 17 10 46

10 BRD–E2–30K 4 20 6

–220LFU2
30

10 BRD–E2 17 10 46

10 BRD–E2–30K 4 20 6

–300LFU2 40 10 BRD–E2–30K 4 20 6

10 BRD–E2–55K 2 20 4

–370LFU2 50 10 BRD–E2–55K 2 20 4

–450LFU2 60 10 BRD–E2–55K 2 20 4

–550LFU2 75 10 BRD–E2–55K 2 20 4

–750LFU2 100 10 BRD–E2–55K 2 20 4

400V

–185HFU2, HFE2 25 10 BRD–EZ2 20 10 34

10 BRD–EZ2–30K 10 10 24

–220HFU2, HFE2 30 10 BRD–EZ2 20 10 34

10 BRD–EZ2–30K 10 10 24

–300HFU2, HFE2 40 10 BRD–EZ2–55K 6 20 12

–370HFU2, HFE2 50 10 BRD–EZ2–55K 6 20 12

–450HFU2, HFE2 60 10 BRD–EZ2–55K 6 20 12

–550HFU2, HFE2 75 10 BRD–EZ2–55K 6 20 12

–750HFU2, HFE2 100 10 BRD–EZ2–55K 6 20 12

–900HFU2, HFE2 125 10 BRD–EZ2–55K 6 20 12

–1100HFU2, 
HFE2

150 10 BRD–EZ2–55K 6 20 12

–1320HFU2, 
HFE2

175 10 BRD–EZ2–55K 6 20 12
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Selecting a 
Braking Resistor

You can add one or more resistors to your inverter configuration to increase braking torque 
performance. The number of resistors and their configuration (series or parallel) depends on the 
desired braking torque. The tables below list the resistor types for inverter models with internal 
braking units. Tables for inverters with external braking units are on the next two pages.

• Total Ohms – lists the resistance value of the resistor or, if using multiple resistors, their 
combined resistance

• Total Watts – lists the power dissipation of the resistor or, if using multiple resistors, their 
combined power dissipation

• Maximum Duty Cycle – the maximum allowable percentage of braking time over any 100-
second interval to avoid overheating the resistor(s)

• Maximum braking torque – the maximum braking torque that the inverter / resistor combina-
tion can deliver

NOTE: If your application requires resistors with NEMA ratings, be sure to use the HRB type.

200V Class Dynamic Braking Resistor Selection

Max. 
Braking 
Torque, 

%

Model Number

L300P

JRB Series SRB/NSRB Series HRB Series

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–015LFU2 120–4 35 120 1.0 400–1 35 400 7.5 200

–022LFU2 120–4 35 120 1.0 400–1 35 400 7.5 160

–037LFU2 120–4 35 120 1.0 400–1 35 400 7.5 100

–055LFU2

120–4 
x (2) in 
parallel

17.5 240 1.0

400–1 
x (2) in 
parallel

17.5 800 7.5 HRB3 17 1200 10 80

–075LFU2 17.5 240 1.0 17.5 800 7.5 HRB3 17 1200 10 80

–110LFU2 17.5 240 1.0 17.5 800 7.5 HRB3 17 1200 10 55

–150LFU2 17.5 240 1.0 17.5 800 7.5 HRB3 17 1200 10 50

400V Class Dynamic Braking Resistor Selection

Max. 
Braking 
Torque, 

%

Model Number

L300P

JRB Series SRB/NSRB Series HRB Series

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–015HFU2, HFE2 120–2 100 120 1.5 200–2 100 200 7.5 200

–022HFU2, HFE2 120–2 100 120 1.5 200–2 100 200 7.5 200

–040HFU2, HFE2 120–2 100 120 1.5 200–2 100 200 7.5 HRB2 
x (2) in 
series

100 800 10 140

–055HFU2, HFE2

120–4 
x (2) in 
series

70 240 1.0

400–1 
x (2) in 
series

70 800 7.5 HRB2 
x (2) in 
series

70 1200 10 120

–075HFU2, HFE2 70 240 1.0 70 800 7.5 70 1200 10 100

–110HFU2, HFE2 70 240 1.0 70 800 7.5 70 1200 10 55

–150HFU2, HFE2 70 240 1.0 70 800 7.5 70 1200 10 50
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The table below lists the performance of 200V-class inverter models with the optional external 
braking units. In some cases, the resistor selection specifies multiple resistors in a parallel, 
series, or combination parallel/series configuration. The example diagram shows a parallel 
configuration. Please refer to the braking resistor documentation for detailed wiring diagrams.
    

200V Class Braking Unit Dynamic Braking Resistor Selection
Max. 

Braking 
Torque, 

%

Model Number

L300P
Type

Type
x (quantity)

Series or 
Parallel

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–185LFU2

BRD–E2

HRB1 — 50 400 10 25

HRB2 — 35 600 10 30

HRB3 — 17 1200 10 50

BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 90

HRB3 x (3) parallel 5.7 3600 20 130

HRB3 x (4) parallel 4.3 4800 20 170

–220LFU2

BRD–E2

HRB1 — 50 400 10 25

HRB2 — 35 600 10 30

HRB3 — 17 1200 10 45

BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 80

HRB3 x (3) parallel 5.7 3600 20 110

HRB3 x (4) parallel 4.3 4800 20 150

–300LFU2 BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 55

HRB3 x (3) parallel 5.7 3600 20 80

HRB3 x (4) parallel 4.3 4800 20 110

–370LFU2 BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 45

HRB3 x (3) parallel 5.7 3600 20 65

HRB3 x (4) parallel 4.3 4800 20 90

–450LFU2 BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 35

HRB3 x (3) parallel 5.7 3600 20 50

HRB3 x (4) parallel 4.3 4800 20 75

–550LFU2 BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 30

HRB3 x (3) parallel 5.7 3600 20 40

HRB3 x (4) parallel 4.3 4800 20 60

–750LFU2 BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 30

HRB3 x (3) parallel 5.7 3600 20 40

HRB3 x (4) parallel 4.3 4800 20 60

Braking 
Unit

Inverter

Example configuration

HRB3 x (4)  parallel
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The table below lists the performance of 400V-class inverter models with the optional external 
braking units. In some cases, the resistor selection specifies multiple resistors in a parallel, 
series, or combination parallel/series configuration. The example diagram shows a combination 
parallel / series configuration. Please refer to the braking unit manual for detailed wiring 
diagrams.    

Braking 
Unit

HRB3 x (6)...
(3)  parallel x 2 seriesInverter

Example configuration

400V Class Braking Unit Dynamic Braking Resistor Selection
Max. 

Braking 
Torque, 

%

Model Number

L300P
Type

Type
x (quantity)

Series / 
Parallel

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–185HFU2, 
HFE2

BRD–EZ2

HRB1 x (2) series 100 800 10 40

HRB2 x (2) series 70 1200 10 50

HRB3 x (2) series 34 2400 10 90

BRD–EZ2–30K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 170

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 200

–220HFU2, 
HFE2

BRD–EZ2

HRB1 x (2) series 100 800 10 35

HRB2 x (2) series 70 1200 10 45

HRB3 x (2) series 34 2400 10 80

BRD–EZ2–30K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 150

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 200

–300HFU2, 
HFE2 BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 110

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 170

–370HFU2, 
HFE2

BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 90

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 150

–450HFU2, 
HFE2

BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 70

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 120

–550HFU2, 
HFE2

BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 60

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 100
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NOTE: Other braking units and resistors are also available. For braking requirements beyond 
those in the tables, contact your Hitachi distributor.

–750HFU2, 
HFE2 BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 45

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 70

–900HFU2, 
HFE2 BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 40

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 60

–1100HFU2, 
HFE2 BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 30

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 50

–1320HFU2, 
HFE2 BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 25

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 40

400V Class Braking Unit Dynamic Braking Resistor Selection
Max. 

Braking 
Torque, 

%

Model Number

L300P
Type

Type
x (quantity)

Series / 
Parallel

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%
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6–2

Troubleshooting
Safety Messages Please read the following safety messages before troubleshooting or performing maintenance 

on the inverter and motor system.

WARNING: Wait at least five (5) minutes after turning OFF the input power supply before 
performing maintenance or an inspection. Otherwise, there is the danger of electric shock.

WARNING: Make sure that only qualified personnel will perform maintenance, inspection, 
and part replacement. Before starting to work, remove any metallic objects from your person 
(wristwatch, bracelet, etc.). Be sure to use tools with insulated handles. Otherwise, there is a 
danger of electric shock and/or injury to personnel.

WARNING: Never remove connectors by pulling on its wire leads (wires for cooling fan and 
logic P.C. board). Otherwise, there is danger of fire due to wire breakage and/or injury to 
personnel.

General Precau-
tions and Notes

• Always keep the unit clean so that dust or other foreign matter does not enter the inverter.

• Take special care to avoid breaking wires or making connection mistakes.

• Firmly connect terminals and connectors.

• Keep electronic equipment away from moisture and oil.  Dust, steel filings and other foreign 
matter can damage the inverter, causing unexpected accidents, so take special care.

Inspection Items This chapter provides instructions or checklists for these inspection items:

• Daily inspection

• Periodic inspection (approximately once a year)

• Insulation resistance test
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Troubleshooting 
Tips

The table below lists typical symptoms and the corresponding solution(s). 

Symptom/condition Probable Cause Solution

The motor 
will not run.

The inverter 
outputs U, V, W 
are not supplying 

voltage.

• Is the frequency command source 
A001 parameter setting correct?

• Is the Run command source A002 
parameter setting correct?

• Make sure the parameter 
setting A001 is correct.

• Make sure the parameter 
setting A002 is correct.

• Is power being supplied to terminals
[R], [S], and [T] ([L1], [L2], and 
[L3])? If so, the POWER lamp should 
be ON.

• Check terminals [R], [S], and 
[T] ([L1], [L2], and [L3]), then 
[U], [V], and [W] ([T1], [T2], 
and [T3]).

• Turn ON the power supply or 
check fuses.

• Is there an error code EXX.X 
displayed?

• Press the Func. key and deter-
mine the error type. Eliminate 
the error cause, then clear the 
error (Reset).

• Are the signals to the intelligent input 
terminals correct?

• Is the Run Command active?

• Is the [FW] terminal (or [RV]) 
connected to P24 (via switch, etc.)

• Verify the terminal functions 
for C001 - C005 are correct.

• Turn ON Run command 
enable.

• Supply 24V to [FW] or [RV] 
terminal, if configured.

• Has the frequency setting for F001 
been set greater than zero?

• Are the control circuit terminals [H], 
[O], and [L] connected to the potenti-
ometer?

• Set the parameter for F001 to a 
safe, non-zero value.

• If the potentiometer is the 
frequency setting source, verify 
voltage at [O] > 0V.

• Is the RS (reset) function or FRS (free-
run stop) function ON?

• Turn OFF the command(s).

Inverter outputs 
U, V, W are 
supplying voltage.

• Is the motor load too heavy? • Reduce load or test the motor 
independently of the load.

The direction of the motor is 
reversed.

• Are the connections of output termi-
nals [U/T1], [V/T2], and [W/T3] 
correct?

• Is the phase sequence of the motor 
forward or reverse with respect to
[U/T1],[V/T2], and [W/T3]?

• Make connections according to 
the phase sequence of the 
motor. In general:
FWD = U-V-W, and REV=U-
W-V.

• Are the control terminals [FW] and 
[RV] wired correctly?

• Is parameter F004 properly set?

• Use terminal [FW] for forward, 
and [RV] for reverse.

• Set motor direction in F004.
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6–4

The motor speed will not reach the 
target frequency (desired speed).

• If using the analog input, is there 
current or voltage at [O] or [OI]?

• Check the wiring.
• Check the potentiometer or 

signal generating device.

• Is the load too heavy? • Reduce the load.
• Heavy loads activate the 

overload restriction feature 
(reduces output as needed).

• Is the inverter internally limiting the 
output frequency?

• Check max frequency setting 
(A004)

• Check frequency upper limit 
setting (A061)

• If using analog inputs, check 
their settings (A101– A104) or 
(A111–A114), or (A011–
A014)

The rotation is unstable.

• Is the load fluctuation too great?

• Is the supply voltage unstable?
• Is the problem occurring at a particular 

frequency?

• Does the instability occur at various 
frequencies?

• Increase the motor capacity 
(both inverter and motor).

• Fix power supply problem.
• Change the output frequency 

slightly, or use the jump 
frequency setting to skip the 
problem frequency.

• Try adjusting H006 up or 
down.

• See “Adjusting Motor Stabil-
ity” on page 4–57.

The RPM of the motor does not 
match the inverter output 

frequency setting.

• Is the maximum frequency setting 
A004 correct?

• Does the monitor function D001 
display the expected output frequency?

• Verify the V/F settings match 
motor specifications.

• Make sure all scaling (such as 
A011 to A014) is properly set.

A parameter 
will not 

change after 
an edit 

(reverts to old 
setting).

True for certain 
parameters

• Is the inverter in Run Mode? Some 
parameters cannot be edited during 
Run Mode.

• Put inverter in Stop Mode 
(press the Stop/reset key). Then 
edit the parameter.

True for all 
parameters

• If you’re using the [SFT] intelligent 
input (software lock function)—is the 
[SFT] input ON?

• Change the state of the SFT 
input, and check the B031 
parameter (SFT mode).

Symptom/condition Probable Cause Solution
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Monitoring Trip Events, History, & Conditions
Fault Detection 
and Clearing

The microprocessor in the inverter detects a 
variety of fault conditions and captures the event, 
recording it in a history table. The inverter output 
turns OFF, or “trips” similar to the way a circuit 
breaker trips due to an over-current condition. 
Most faults occur when the motor is running (refer 
to the diagram to the right). However, the inverter 
could have an internal fault and trip in Stop Mode. 
In either case, you can clear the fault by pressing 
the Stop/Reset key. Additionally, you can clear the 
inverter’s cumulative trip history by performing the procedure “Restoring Factory Default 
Settings” on page 6–9 (setting B_84=00 will clear the trip history but leave inverter settings 
intact).

Error Status 
Codes

The conditions at the time of an error provide important clues to help you understand the cause. 
The L300P inverter displays a “status at trip point” digit to the right of the decimal point for 
some error codes. For example, E07.2 means Error 7 occurred and the inverter status was 
condition # “2” when the error occurred.

Error Codes An error code will appear on the display automatically when a fault causes the inverter to trip. 
The following table lists the cause associated with the error.

RUN

STOP
RESET

STOP
RESET

Run Stop

Fault
Trip Fault

Status 
Codes Inverter Status

Status 
Codes Inverter Status

 ---.0 Reset  ---.5 f0 stop

 ---.1 Stop  ---.6 Starting

 ---.2 Deceleration  ---.7 DC braking

 ---.3 Constant speed  ---.8 Overload restriction

 ---.4 Acceleration  

Error 
Code

Name Probable Cause(s)

E01 Over current event while at 
constant speed

The inverter output was short-circuited, or the 
motor shaft is locked or has a heavy load. These 
conditions cause excessive current for the inverter, 
so the inverter output is turned OFF.

The dual-voltage motor is wired incorrectly.

Note: The L300P will over current trip at 
nominally 150% of rated current.

E02 Over current event during 
deceleration

E03 Over current event during 
acceleration

E04 Over current event during 
other conditions

DC braking power(A054) is set too high, or a 
current transformer error occurred, or a noise 
source induced the error.

E05 Overload protection When a motor overload is detected by the 
electronic thermal function, the inverter trips and 
turns OFF its output.
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6–6

E06 Braking resistor overload When the regenerative braking resistor exceeds 
the usage time allowance or usage ratio, the 
inverter trips and turns OFF its output to the 
motor.

E07 Over voltage protection When the DC bus voltage exceeds a threshold, due 
to regenerative energy from the motor.

E08 EEPROM error When the built-in EEPROM memory has 
problems due to noise or excessive temperature, 
the inverter trips and turns OFF its output to the 
motor.

E09 Under-voltage error A decrease of internal DC bus voltage below a 
threshold results in a control circuit fault. This 
condition can also generate excessive motor heat 
or cause low torque. The inverter trips and turns 
OFF its output.

E10 CT (current transformer) 
error

If a strong source of electrical interference is close 
to the inverter or a fault occurs in a built-in CT 
(current transformer), the inverter trips and turns 
its output OFF.

E11 CPU error A malfunction in the built-in CPU has occurred, 
so the inverter trips and turns OFF its output to the 
motor.

E12 External trip A signal on an intelligent input terminal config-
ured as EXT has occurred. The inverter trips and 
turns OFF the output to the motor.

E13 USP When the Unattended Start Protection (USP) is 
enabled, an error occurred when power is applied 
while a Run signal is present. The inverter trips 
and does not go into Run Mode until the error is 
cleared.

E14 Ground fault The inverter is protected by the detection of 
ground faults between the inverter output and the 
motor during powerup tests. This feature protects 
the inverter, and does not protect humans. 

E15 Input over-voltage When the input voltage is higher than the specified 
value, it is detected 60 seconds after powerup and 
the inverter trips and turns OFF its output.

E16 Instantaneous power failure When the input power is removed for more than 
15ms, the inverter trips and the output to the motor 
turns OFF. If the power failure duration exceeds 
the duration set in parameter B002, it is consid-
ered a power failure. When input power is 
restored, the inverter restarts if the Run signal is 
present, depending on the restart condition.

E21 Inverter thermal trip When the inverter internal temperature is above 
the threshold, the thermal sensor in the inverter 
module detects the excessive temperature of the 
power devices and trips, turning the inverter 
output OFF.

E23 Gate array error An internal inverter error has occurred in commu-
nications between the CPU and gate array IC. 

Error 
Code

Name Probable Cause(s)
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NOTE: If an EEPROM error (E08) occurs, be sure to confirm the parameter data values are 
still correct.

E24 Phase failure detection One of three lines of the 3-phase power is missing.

E30 IGBT error When an instantaneous over-current condition 
occurs on any IGBT (output transistor) device, the 
inverter alarm trips. then it turns the outputs OFF 
in order to protect the circuitry.

E35 Thermistor When a thermistor is connected to terminals 
[THM] and [CM1] and the inverter has sensed the 
temperature is too high, the inverter trips and turns 
OFF the output.

–––– Under-voltage (brownout) 
with output shutoff

Due to low input voltage, the inverter turns its 
output OFF and tries to restart. If it fails to restart, 
then the alarm trips to record the under-voltage 
error event.

E6X Expansion card #1
connection error

An error has occurred in an expansion card or at 
its connecting terminals. Please refer to the 
manual for the expansion card for additional 
details.E7X Expansion card #2

connection error

Error 
Code

Name Probable Cause(s)
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6–8

Trip History and 
Inverter Status

We recommend that you first find the cause of the fault before attempting clearing it. When a 
fault occurs, the inverter stores important performance data at the moment of the fault. To 
access the data, use the monitor functions (Dxxx) and select D081 for details about the present 
fault (En). The previous five faults are stored in D081 to D086, with D (En-1 to En-5). Each error 
shifts D081–D085 to D082–D086, and writes the new error to D081.

The following Monitor Menu map shows how to access the error codes. When fault(s) exist, 
you can review their details by first selecting the proper function: D081 is most recent, and 
D086 is the oldest.

1

Error Code

Error
exists?

Output frequency at 
trip point

Motor current at 
trip point

DC bus voltage at 
trip point

No error

Yes

No

FUNC.

2 1 2

2

E 0 7.2

6 0.00

4.00

2 7 0.0

1 5

1 8

d  081

d  086

d 082

1

1

1

1

1

_ _ _ _

Cumulative inverter 
operation time

at trip point

Cumulative power-
ON time at trip point

1

FUNC.

2

FUNC.

Current Trip 
Conditions

Trip History

Monitor Menu
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Restoring Factory Default Settings
You can restore all inverter parameters to the original factory (default) settings for the intended 
country of use. After initializing the inverter, use the powerup test in Chapter 2 to get the motor 
running again. To initialize the inverter, follow the steps below.

NOTE: Initialization cannot be performed with a remote operator panel. Disconnect the device 
and use the inverter’s front panel keypad.

No. Action Display Func./Parameter

1
Use the , , and  keys to 
navigate to the “B” Group.

“B” Group selected

2
Press the  key.

First “B” parameter selected

3
Press and hold the  key until ->

Country code for initializa-
tion selected

4
Press the  key.

00 = Japan, 01 = Europe,
02 = U.S. 

5 Confirm the country code is correct. Do not change it unless you are absolutely sure 
the power input voltage range and frequency match the country code setting.

To change the country code, press  or  to set;  to store.

6
Press the  key.

Country code for initializa-
tion selected

7
Press the  key.

Initialization function selected

8
Press the  key.

00 = initialization disabled, 
clear trip history only

9
Press the  key.

01 = enable initialization

10
Press the  key.

Initialization now enabled to 
restore all defaults

11
Press and hold the , , and 

 keys. Do not let release yet.

First part of special key 
sequence, the “B” is flashing.

12 Holding the keys above, press and 

hold the  (STOP) key for 3 sec.

Final part of special key 
sequence, “B084” is flashing

13 When the b084 display function 

begins blinking, release the ,   

, , and  keys together.

  

or
 

Default parameter country 
code shown during initializa-
tion process (left-most charac-
ter displays alternating 
pattern) 

14 Initialization is complete. Function code for output 
frequency monitor shown

FUNC. 1 2 b  - -

FUNC. b 0 0 1

1 b 0 8 5
FUNC.  0 2

1 2 STR

FUNC. b 0 8 5
2 b 0 8 4

FUNC.  0 0

1 0 1
STR b 0 8 4

FUNC. 1

2

b 0 8 4

STOP
RESET

b 0 8 4

STOP
RESET

FUNC. 1 2

0  e u

0 U S A

d  0 1
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6–10

Maintenance and Inspection
Monthly and 
Yearly Inspection 
Chart

Note 1: The life of a capacitor is affected by the ambient temperature. See “Capacitor Life 
Curve” on page 6–12.

Note 2: The inverter must be cleaned periodically. If dust accumulates on the fan and heat 
sink, it can cause overheating of the inverter.

Item Inspected Check for...

Inspection 
Cycle Inspection Method Criteria

Month Year

Overall Ambient 
environment

Extreme
temperatures
& humidity

✔ Thermometer, 
hygrometer

Ambient temperature 
between -10 to 50°C, 
non-condensing

Major devices Abnormal 
vibration, 
noise

✔ Visual and aural Stable environment for 
electronic controls

Power supply 
voltage

Voltage toler-
ance

✔ Digital volt meter, 
measure between 
inverter terminals 
[L1], [L2], [L3]

200V class:
200 to 240V 50/60 Hz
400V class:
380 to 460V 50/60 Hz

Main 
circuit

Ground
Insulation

Adequate 
resistance

✔ Megger test 500VDC, reading of 5M 
ohms or greater, see next 
section for test details

Mounting No loose 
screws

✔ Torque wrench M3: 0.5 – 0.6 Nm
M4: 0.98 – 1.3 Nm
M5: 1.5 – 2.0 Nm

Components Overheating ✔ Thermal trip events No trip events

Housing Dirt, dust ✔ Visual Vacuum dust and dirt

Terminal block Secure 
connections

✔ Visual No abnormalities

Smoothing 
capacitor

Leaking, 
swelling

✔ Visual No abnormalities

Relay(s) Chattering ✔ Aural Single click when 
switching ON or OFF

Resistors Cracks or 
discoloring

✔ Visual Use Ohm meter to check 
braking resistors

Cooling fan Noise ✔ Power down, 
manually rotate

Rotation must be smooth

Dust ✔ Visual Vacuum to clean

Control 
circuit

Overall No odor, 
discoloring, 
corrosion

✔ Visual No abnormalities

Capacitor No leaks or 
deformation

✔ Visual Undistorted appearance

Display LEDs Legibility ✔ Visual All LED segments work
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Megger Test The megger is a piece of test equipment that uses a high voltage to determine if an insulation 
degradation has occurred. For inverters, it is important that the power terminals be isolated 
from the Earth GND terminal via the proper amount of insulation.

The circuit diagram below shows the inverter wiring for performing the megger test. Just follow 
the steps to perform the test:

1. Remove power from the inverter and wait at least 5 minutes before proceeding.

2. Open the front housing panel to access the power wiring.

3. Remove all wires to terminals [R, S, T, PD, P, N, RB, U, V, and W]. Most importantly, the 
input power and motor wires will be disconnected from the inverter.

4. Remove the jumper at connector J61. It is located on the main circuit board beside the 
power terminals.

5. Use a bare wire and short terminals [R, S, T, PD, P, N, RB, U, V, and W] together as shown 
in the diagram.

6. Connect the megger to the inverter Earth GND and to the shorted power terminals as shown. 
Then perform the megger test at 500 VDC and verify 5MΩ or greater resistance.

7. After completing the test, disconnect the megger from the inverter.

8. Reconnect the jumper at connector J61 as before.

9. Reconnect the original wires to terminals [R, S, T, PD, P, N, RB, U, V, and W].

CAUTION: Do not connect the megger to any control circuit terminals such as intelligent I/O, 
analog terminals, etc. Doing so could cause damage to the inverter.

CAUTION: Never test the withstand voltage (HIPOT) on the inverter. The inverter has a surge 
protector between the main circuit terminals above and the chassis ground.

U

V

W
Motor

R

S

T

Disconnect 
power source

P

PD

RB

N

J61

L300P Disconnect 
motor wires

Earth 
GND

Megger, 500VDC

Add test
jumper wire

Disconnect jumper at 
J61 before performing 

the megger test

L1

L2

L3
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6–12

Spare parts We recommend that you stock spare parts to reduce down time, including parts listed below:

Capacitor
Life Curve

The DC bus inside the inverter uses a large capacitor as shown in the diagram below. The 
capacitor handles high voltage and current as it smooths the power for use by the inverter. So, 
any degradation of the capacitor will affect the performance of the inverter. The capacitor bank 
in L300P series inverters is replaceable. This section will show you how to replace it in the 
field.

Capacitor life is reduced in higher ambient temperatures, as the graph below demonstrates. Be 
sure to keep the ambient temperature at acceptable levels, and perform maintenance inspections 
on the fan, heat sink, and other components. If the inverter is installed on a cabinet, the ambient 
temperature is the temperature inside the cabinet.

Part description Symbol
Quantity

Notes
Used Spare

Cooling fan FAN 1, 2, 3... (depends 
on model)

1 or 2 Fan unit at top of housing 
in all models

Auxiliary cooling fan FAN 0 or 1... (depends 
on model)

0 or 1 –185Lxx, –220Lxx, and  
–300Lxx models

Capacitor bank CB 1 1 All models

Power 
Input

Inverter
L1/R

Motor

L2/S

L3/T

Rectifier

Variable-frequency Drive

Internal DC Bus

+

+

–

U/T1

V/T2

W/T3

Converter

Ambient
temperature, °C

Years

Capacitor Life Curve

12 hrs / day operation

24 hrs / day operation

1 2 3 4 5 6 7 8 9 10

0

20

40

30

50
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Capacitor 
Replacement

The capacitor bank consists of an assembly that slides out of the L300P unit. This means that 
no soldering is required!

1. First, make sure that all power is removed 
from the unit, and that  you have waited 5 
minutes before accessing the wiring area. Then 
you’ll need to remove the metal wire entry 
plate located at the bottom of the unit. This 
may require you to disconnect all wires to the 
power terminals. Then, just loosen the screws 
as shown, and slide the wire entry plate 
outward on its guides to remove.

WARNING: The screws that retain the capacitor bank assembly are part of the electrical 
circuit of the high-voltage internal DC bus. Be sure that all power has been disconnected from 
the inverter, and that you have waited at least 5 minutes before accessing the terminals or 
screws. Be sure the charge lamp is extinguished. Otherwise, there is the danger of electrocution 
to personnel.

2. The capacitor bank assembly is locked into 
the inverter via six screws that also make 
several electrical connections. These six 
screws are accessible just below the power 
terminals as shown to the right.

3. Grasp the capacitor bank assembly and gently 
slide it out of the unit as shown to the right.
DO NOT try to force the removal; it will slide 
out easily if all the screws in the steps above 
have been removed.

4. Then slide in the new unit and replace all the 
screws removed in steps 1) and 2).

CAUTION: Do not operate the inverter unless 
you have replaced the six screws that connect the 
capacitor bank assembly to the inverter’s 
circuits. Otherwise, damage to the inverter may 
occur.

Retention screws for wire entry plate

Retention screws locations for capacitor bank

Pull capacitor bank assembly outward 
from L300P unit to remove
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6–14

Fan Assembly 
Replacement

The L300P Series inverters have field-replaceable fan units. They include an internal connector 
for easy removal and replacement. You will need to remove the front panel covers to remove 
the fan assembly. First, be sure to remove power from the unit and wait at least 5 minutes 
before accessing the wiring area.

1. Remove the digital operator from the front 
panel. Then remove the bottom front panel 
to expose the wiring area as shown.  This 
will also expose the retention screws for the 
top front panel. Remove these screws, 
which will allow the front panel to hinge 
upward and unfasten from the unit.

2. After removing all front panel pieces, 
locate the thumb latches in the top of the 
inverter housing. Grasp and push the releases 
inward as shown to the right, and gently pull 
upward to remove the fan assembly.

CAUTION: Remove the fan assembly carefully, 
since it is attached to the unit via connecting 
wires.

3. After unfastening the fan assembly, turn it over 
to expose the connecting wires. Then locate the 
PWB connector as shown. Disconnect the 
wiring.

4. Connect the new fan assembly wiring. The 
polarized plug will ensure a proper connection.

5. Snap the replacement fan into place.

6. Replace all front panel pieces and retention 
screws.

Digital operator keypad removal

Upper panel 
retention screws

PWB connector for fan assembly wiring
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General Inverter 
Electrical 
Measurements

The following table specifies how to measure key system electrical parameters. The diagrams 
on the next page show inverter-motor systems and the location of measurement points for these 
parameters.

Note 1: Use a meter indicating a fundamental wave effective value for voltage, and meters 
indicating total effective values for current and power.

Note 2: The inverter output has a distorted waveform, and harmonic frequencies may cause 
erroneous readings. However, the measuring instruments and methods listed above 
provide reasonably accurate results.

Note 3: A general-purpose digital volt meter (DVM) is not usually suitable to measure a 
distorted waveform (not pure sinusoid).

Parameter
Circuit location
of measurement

Measuring 
instrument

Notes Reference Value

Supply voltage
E1

ER – across L1 and L2
ES – across L2 and L3
ET – across L3 and L1

Moving-coil type 
voltmeter or recti-
fier type voltmeter

Fundamental 
wave effective 
value

Commercial supply 
voltage (200V class) 
200-240V, 50/60 Hz
400V class 380-
460V, 50/60 Hz

Supply current
I1

Ir – L1, Is – L2, It – L3 Moving-coil type 
ammeter

Total effective 
value

—

Supply power W1 W11 – across L1 and L2
W12 – across L2 and L3

Electronic type 
wattmeter

Total effective 
value

—

Supply power 
factor Pf1

—

Output voltage 
E0

EU – across U and V
EV – across V and W
EW – across W and U

Rectifier type 
voltmeter

Total effective 
value

—

Output current Io IU – U
IV – V
IW – W

Moving-coil type 
ammeter

Total effective 
value

—

Output power Wo W01 – across U and V
W02 – across V and W

Electronic type 
wattmeter

Total effective 
value

—

Output power 
factor Pfo

Calculate the output power factor from the output voltage E, output 
current I, and output power W.

—

Pf1
W1

3 E1× I1×
------------------------------ 100%×=

Pf0
W0

3 E0× I0×
------------------------------ 100%×=
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The figure below shows measurement locations for voltage, current, and power measurements 
listed in the table on the previous page. The voltage to be measured is the fundamental wave 
effective voltage. The power to be measured is the total effective power.

Inverter Output 
Voltage Measure-
ment Techniques

Taking voltage measurements around drives equipment requires the right equipment and a safe 
approach. You are working with high voltages and high-frequency switching waveforms that 
are not pure sinusoids. Digital voltmeters will not usually produce reliable readings for these 
waveforms. And, it is usually risky to connect high voltage signals to oscilloscopes. The 
inverter output semiconductors have some leakage, and no-load measurements produce 
misleading results. So, we highly recommend using the following circuits to measure voltage 
for performing the equipment inspections.

HIGH VOLTAGE: Be careful not to touch wiring or connector terminals when working with 
the inverters and taking measurements. Be sure to place the measurement circuitry above in an 
insulated housing before using them.

E1

I1 I1

I1

I1

EU-V

EU-V

EU-V

W01

W02

W01

W02E1

E1

I2

I3

Three-phase measurement diagram

L1

L2

L3

Inverter

Motor

T1

T2

T3

R

S

T

U

V

W

V/T2

W/T3

U/T1

L2/S

L3/T

L1/R

V/T2

W/T3

U/T1

L2/S

L3/T

L1/R

V class Diode bridge Voltmeter
200V class 600V 0.01A min. 300V range
400V class 1000V 0.1 A min. 600V range

220kΩ
2W

+ –

220kΩ
2W

+ –

Voltage measurement with load

Inverter

Voltage measurement without load

Inverter

V class Diode bridge Voltmeter
200V class 600V 0.01A min. 300V range
400V class 1000V 0.1 A min. 600V range

5kΩ
30W
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IGBT Test Method The following procedure will check the inverter transistors (IGBTs) and diodes:

1. Disconnect input power to terminals [R, S, and T] and motor terminals [U, V, and W]. 

2. Disconnect any wires from terminals [P] and [RB] for regenerative braking.

3. Use a Digital Volt Meter (DVM) and set it for 1 ohm resistance range. You can check the 
status of the charging state of terminals [R, S, T, U, V, W, RB, P, and N] of the inverter and 
the probe of the DVM by measuring the charging state.

Almost infinite ohms = “non-conducting,” and 0 to 10 ohms = “conducting.”

NOTE: The resistance values for the diodes or the transistors will not be exactly the same, but 
they will be close. If you find a significance difference, a problem may exist.

NOTE: Before measuring the voltage between [P] and [N] with the DC current range, confirm 
that the smoothing capacitor is discharged fully, then execute the tests.

Circuit Type
DVM  Probe

Measured Value
+ –

Converter

D1 R PD Non-conducting

PD R Conducting

D2 S PD Non-conducting

PD S Conducting

D3 T PD Non-conducting

PD T Conducting

D4 R N Conducting

N R Non-conducting

D5 S N Conducting

N S Non-conducting

D6 T N Conducting

N T Non-conducting

Inverter

TR1 U P Non-conducting

P U Conducting

TR2 V P Non-conducting

P V Conducting

TR3 W P Non-conducting

P W Conducting

TR4 U N Conducting

N U Non-conducting

TR5 V N Conduct

N V Non-conducting

TR6 W N Conducting

N W Non-conducting

Dynamic 
Braking

(11kW–15kW)

TR7 RB P Non-conducting

P RB Conducting

RB N Non-conducting

N RB Non-conducting

R

S

T

D1 D2 D3

D4 D5 D6

U

V

W

TR1 TR2 TR3

TR4 TR5 TR6

PD P RB

C

TR7

+

Converter Inverter

N
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Warranty

Warranty Terms
The warranty period under normal installation and handling conditions shall be two (2) 
years from the date of manufacture (“DATE” on product nameplate), or one (1) year 
from the date of installation, whichever occurs first. The warranty shall cover the repair 
or replacement, at Hitachi's sole discretion, of ONLY the inverter that was installed.

1. Service in the following cases, even within the warranty period, shall be charged to 
the purchaser:

a. Malfunction or damage caused by mis-operation or modification or improper 
repair

b. Malfunction or damage caused by a drop after purchase and transportation

c. Malfunction or damage caused by fire, earthquake, flood, lightning, abnormal 
input voltage, contamination, or other natural disasters

2. When service is required for the product at your work site, all expenses associated 
with field repair shall be charged to the purchaser.

3. Always keep this manual handy; please do not lose it. Please contact your Hitachi 
distributor to purchase replacement or additional manuals.
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Glossary
Ambient
Temperature

The air temperature in the chamber containing a powered electronic unit. A unit’s heat sinks 
rely on a lower ambient temperature in order to dissipate heat away from sensitive electronics.

Arrival Frequency The arrival frequency refers to the set output frequency of the inverter for the constant speed 
setting. The arrival frequency feature turns ON an output when the inverter reaches the set 
constant speed. The inverter has various arrival frequencies and pulsed or latched logic options.

Auto-tuning The ability of a controller to execute a procedure that interacts with a load to determine the 
proper coefficients to use in the control algorithm. Auto-tuning is a common feature of process 
controllers with PID loops. Hitachi inverters such as the SJ300 series feature auto-tuning to 
determine motor parameters for optimal control.

Base Frequency The power input frequency for which an AC induction motor is designed to operate. Most 
motors will specify a 50 to 60 Hz value. The Hitachi inverters have a programmable base 
frequency, so you must ensure that parameter matches the attached motor. The term base 
frequency helps differentiate it from the carrier frequency. See also carrier frequency and 
frequency setting.

Braking Resistor An energy-absorbing resistor that dissipates energy from a decelerating load. Load inertia 
causes the motor to act as a generator during deceleration. See also four-quadrant operation 
and dynamic braking.

Break-away 
Torque

The torque a motor must produce to overcome the static friction of a load in order to start the 
load moving.

Carrier 
Frequency

The frequency of the constant, periodic, switching waveform that the inverter modulates to 
generate the AC output to the motor. See also PWM.

CE A regulatory agency for governing the performance of electronic products in Europe. Drive 
installations designed to have CE approval must have particular filter(s) installed in the applica-
tion.

Choke An inductor that is tuned to react at radio frequencies is called a “choke,” since it attenuates 
(chokes) frequencies above a particular threshold. Tuning is often accomplished by using a 
movable magnetic core. In variable-frequency drive systems, a choke positioned around high-
current wiring can help attenuate harmful harmonics and protect equipment. See also harmon-
ics.

DC Braking The inverter DC braking feature stops the AC commutation to the motor, and sends a DC 
current through the motor windings in order to stop the motor. Also called “DC injection 
braking,” it has little effect at high speed, and is used as the motor is nearing a stop.

DC Link The portion of the variable frequency drive between the input rectifiers and the output stages. It 
delivers smoothed DC power to the control and output stages of the drive.

Deadband In a control system, the range of input change for which there is no perceptible change in the 
output. In PID loops, the error term may have a deadband associated with it. Deadband may or 
may not be desirable; it depends on the needs of the application.

Digital Operator 
Panel

For Hitachi inverters, “digital operator panel” (DOP) refers first to the operator keypad on the 
front panel of the inverter. It also includes hand-held remote keypads, which connect to the 
inverter via a cable. Finally, the DOP Professional is a PC-based software simulation of the 
keypad devices.
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Diode A semiconductor device that has a voltage-current characteristic that allows current to flow 
only in one direction, with negligible leakage current in the reverse direction. See also rectifier.

Duty Cycle 1. The percent of time a square wave of fixed frequency is ON (high) versus OFF (low).  2. The 
ratio of operating time of a motor, braking resistor, etc. to its resting time. This parameter 
usually is specified in association with the allowable thermal rise for the device.

Dynamic Braking The inverter dynamic braking feature shunts the motor-generated EMF energy into a special 
braking resistor. The added dissipation (braking torque) is effective at higher speeds, having a 
reduced effect as the motor nears a stop.

Error In process control, the error is the difference between the desired value or setpoint (SP) and the 
actual value of a the process variable (PV). See also process variable and PID Loop.

EMI Electromagnetic Interference - In motor/drive systems, the switching of high currents and 
voltages creates the possibility of generating radiated electrical noise that may interfere with 
the operation of nearby sensitive electrical instruments or devices. Certain aspects of an instal-
lation, such as long motor lead wire lengths, tend to increase the chance of EMI. Hitachi 
provides accessory filter components you can install to decrease the level of EMI.

Four-quadrant
operation

Referring to a graph of torque versus speed, a four-quadrant drive can turn the motor either 
forward or reverse, as well as decelerate in either direction (see also reverse torque). A load that 
has a relatively high inertia and must move in both directions and change directions rapidly 
requires four-quadrant capability from its drive.

Free-run Stop A method of stopping a motor, caused when the inverter simply turns OFF its motor output 
connections. This may allow the motor and load to coast to a stop, or a mechanical brake may 
intervene and shorten the deceleration time.

Frequency 
Setting

While frequency has a broad meaning in electronics, it typically refers to motor speed for 
variable-frequency drives (inverters). This is because the output frequency of the inverter is 
variable, and is proportional to the attained motor speed. For example, a motor with a base 
frequency of 60 Hz can be speed controlled with an inverter output varying form 0 to 60 Hz. 
See also base frequency, carrier frequency, and slip.

Harmonics A harmonic is a whole number multiple of a base of fundamental frequency. The square waves 
used in inverters produce high-frequency harmonics, even though the main goal is to produce 
lower-frequency sine waves. These harmonics can be harmful to electronics (including motor 
windings) and cause radiated energy that interferes with nearby electronic devices. Chokes, line 
reactors, and filters are sometimes used to suppress the transmission of harmonics in an electri-
cal system. See also choke.

Horsepower A unit of physical measure to quantify the amount of work done per unit of time. You can 
directly convert between horsepower and Watts as measurements of power.

IGBT Insulated Gate Bipolar Transistor (IGBT) - A semiconductor transistor capable of conduct-
ing very large currents when in saturation and capable of withstanding very high voltages when 
it is OFF. This high-power bipolar transistor is the type used in Hitachi inverters. 

Inertia The natural resistance of an object to being accelerated or decelerated by an external force. See 
also momentum.

Intelligent 
Terminal

A configurable input or output logic function on the Hitachi inverters. Each terminal may be 
assigned one of several functions.

Inverter A device that electronically changes DC to AC current through a alternating process of switch-
ing the input to the output, inverted and non-inverted. A variable speed drive such as the Hitachi 
L300P is also called an inverter, since it contains three inverter circuits to generate 3-phase 
output to the motor.
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Isolation
Transformer

A transformer with 1:1 voltage ratio that provides electrical isolation between its primary and 
secondary windings. These are typically used on the power input side of the device to be 
protected. An isolation transformer can protect equipment from a ground fault or other 
malfunction of nearby equipment, as well as attenuate harmful harmonics and transients on the 
input power.

Jogging
Operation

Usually done manually, a jog command from an operator’s panel requests the motor/drive 
system to run indefinitely in a particular direction, until the machine operator ends the jog 
operation.

Jump Frequency A jump frequency is a point on the inverter output frequency range that you want the inverter to 
skip around. This feature may be used to avoid a resonant frequency, and you can program up 
to three jump frequencies in the inverter.

Line Reactor A three-phase inductor generally installed in the AC input circuit of an inverter to minimize 
harmonics and to limit short-circuit current.

Momentum The physical property of a body in motion that causes it to continue to remain in motion. In the 
case of motors, the rotor and attached load are rotating and possess angular momentum.

Multi-speed 
Operation

The ability of a motor drive to store preset discrete speed levels for the motor, and control 
motor speed according to the currently selected speed preset. The Hitachi inverters have 16 
preset speeds.

Motor Load In motor terminology, motor load consists of the inertia of the physical mass that is moved by 
the motor and the related friction from guiding mechanisms. See also inertia.

NEC The National Electric Code is a regulatory document that governs electrical power and device 
wiring and installation in the United States.

NEMA The National Electric Manufacturer’s Association. NEMA Codes are a published series of 
device ratings standards. Industry uses these to evaluate or compare the performance of devices 
made by various manufacturers to a known standard.

Open-collector 
Outputs

A common logic-type discrete output that uses an NPN transistor that acts as a switch to a 
power supply common, usually ground. The transistor’s collector is open for external connec-
tion (not connected internally). Thus, the output sinks external load current to ground.

Power Factor A ratio that expresses a phase difference (timing offset) between current and voltage supplied 
by a power source to a load. A perfect power factor = 1.0 (no phase offset). Power factors less 
than one cause some energy loss in power transmission wiring (source to load). 

PID Loop Proportional-Integral-Derivative – a mathematical model used for process control. A process 
controller maintains a process variable (PV) at a setpoint (SP) by using its PID algorithm to 
compensate for dynamic conditions and varies its output to drive the PV toward the desired 
value. See also error.

Process Variable A physical property of a process that is of interest because it affects the quality of the primary 
task accomplished by the process. For an industrial oven, temperature is the process variable. 
See also PID Loop and error.

PWM Pulse-width modulation: A type of AC adjustable frequency drive that accomplishes frequency 
and voltage control at the output section (inverter) of the drive. The drive output voltage 
waveform is at a constant amplitude, and by “chopping” the waveform (pulse-width-modulat-
ing), the average voltage is controlled. The chopping frequency is sometimes called the carrier 
frequency.
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Reactance The impedance of inductors and capacitors has two components. The resistive part is constant, 
while the reactive part changes with applied frequency. These devices have a complex imped-
ance (complex number), where the resistance is the real part and the reactance is the imaginary 
part.

Rectifier An electronic device made of one or more diodes that converts AC power into DC power. 
Rectifiers are usually used in combination with capacitors to filter (smooth) the rectified 
waveform to closely approximate a pure DC voltage source.

Regenerative 
Braking

A particular method of generating reverse torque to a motor, an inverter will switch internally to 
allow the motor to become a generator and will either store the energy internally, deliver the 
braking energy back to the main power input, or dissipate it with a resistor.

Regulation The quality of control applied to maintain a parameter of interest at a desired value. Usually 
expressed as a percent (+/-) from the nominal, motor regulation usually refers to its shaft speed.

Reverse Torque The torque applied in the direction opposite to motor shaft rotation. As such, reverse torque is a 
decelerating force on the motor and its external load.

Rotor The windings of a motor that rotate, being physically coupled to the motor shaft. See also 
stator.

Saturation 
Voltage

For a transistor semiconductor device, it is in saturation when an increase in input current no 
longer results in an increase in the output current. The saturation voltage is the voltage drop 
across the device. The ideal saturation voltage is zero.

Sensorless 
Vector Control

A technique used in variable-frequency drives (such as the SJ100 and SJ300 series) to rotate the 
force vector in the motor without the use of a shaft position sensor (angular). Benefits include 
an increase in torque at the lowest speed and the cost savings from the lack of a shaft position 
sensor.

Setpoint (SP) The setpoint is the desired value of a process variable of interest. See also Process Variable 
(PV) and PID Loop.

Single-phase 
Power

An AC power source consisting of Hot and Neutral wires. An Earth Ground connection usually 
accompanies them. In theory, the voltage potential on Neutral stays at or near Earth Ground, 
while Hot varies sinusoidally above and below Neutral. This power source is named Single 
Phase to differentiate it from three-phase power sources. Some Hitachi inverters can accept 
single phase input power, but they all output three-phase power to the motor. See also three-
phase.

Slip The difference between the theoretical (synchronous) speed of a motor at no load (determined 
by its inverter output waveforms) and the actual speed. Some slip is essential in order to 
develop torque to the load, but too much will cause excessive heat in the motor windings and/or 
cause the motor to stall.

Squirrel Cage A “nick-name” for the appearance of the rotor frame assembly for an AC induction motor. 

Stator The windings in a motor that are stationary and coupled to the power input of the motor. See 
also rotor.

Start Frequency The output frequency that the inverter first produces as the frequency command setting 
increases from zero. The start frequency is programmable, and is important to set properly for 
the load, etc.

Tachometer 1. A signal generator usually attached to the motor shaft for the purpose of providing feedback 
to the speed controlling device of the motor.  2. A speed-monitoring test meter that may 
optically sense shaft rotation speed and display it on a readout.
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Thermal Switch An electromechanical safety device that opens to stop current flow when the temperature at the 
device reaches a specific temperature threshold. Thermal switches are sometimes installed in 
the motor in order to protect the windings from heat damage. The inverter can use thermal 
switch signals to trip (shut down) if the motor overheats. See also trip.

Thermistor A type of temperature sensor that changes its resistance according to its temperature. The 
sensing range of thermistors and their ruggedness make them ideal for motor overheating 
detection. Hitachi inverters have built-in thermistor input circuits, which can detect an 
overheated motor and shut OFF (trip) the inverter output.

Three-phase 
Power

An AC power source with three Hot connections that have phase offsets of 120 degrees is a 3-
phase power source. Usually, Neutral and Earth Ground wires accompany the three Hot 
connections. Loads may be configured in a delta or Y configuration. A Y-connected load such 
as an AC induction motor will be a balanced load; the currents in all the Hot connections are the 
same. Therefore, the Neutral connection is theoretically zero. This is why inverters that 
generate 3-phase power for motors do not generally have a Neutral connection to the motor. 
However, the Earth Ground connection is important for safety reasons, and is provided.

Torque A measure of rotational force. The units of measurement are the product of the distance (radius 
from shaft center axis) and force (weight) applied at that distance. Units are usually given as 
pound-feet, ounce-inches, or Newton-meters.

Transistor A solid state, three-terminal device that provides amplification of signals and can be used for 
switching and control. While transistors have a linear operating range, inverters use them as 
high-powered switches. Recent developments in power semiconductors have produced transis-
tors capable of handling high voltages and currents, all with high reliability. The saturation 
voltage has been decreasing, resulting in less heat dissipation. Hitachi inverters use state-of-
the-art semiconductors to provide high performance and reliability in a compact package. See 
also IGBT and saturation voltage.

Trip An event that causes the inverter to stop operation is called a “trip” event (as in tripping a 
circuit breaker). The inverter keeps a history log of trip events. They also require an action to 
clear.

Watt Loss A measure of the internal power loss of a component, the difference between the power it 
consumes and what its output delivers. An inverter’s watt loss is the input power minus the 
power delivered to the motor. The watt loss is typically highest when an inverter is delivering 
its maximum output. Therefore, watt loss is usually specified for a particular output level. 
Inverter watt loss specifications are important when designing enclosures.
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Introduction
L300P inverters have a built-in RS485 serial communications interface. This serial communica-
tions function provides a way of controlling from 1 to 32 inverters on a common serial network. 
In a typical application, a host computer or controller is the master and each of the inverter(s) is 
a slave, as shown in the figure below.

The specifications for L300P Series RS485 serial communications are in the following table:

Item Specifications User-selectable

Transmission speed 2400 / 4800 / 9600 / 19200 bps ✔

Communication modes Half duplex (one device transmits at a time) ✘

Synchronization Direct current transmission ✘

Character code ASCII codes ✘

LSB placement Transmits LBB first ✘

Electrical interface RS485 differential transceiver ✘

Data bits 7 or 8 bits ✔

Parity None / even / odd ✔

Stop bits 1 or 2 bits ✔

Start convention One-way start from host device command ✘

Wait time for response 10 to 1000 ms ✔

Connections Station address numbers from 1 to 32 ✔

Error check Overrun / Fleming block check code / vertical 
or horizontal parity

✘

L300P L300PL300P

RS485 serial network

1 2 32
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Serial Connection 
Diagrams

The serial connector is to the left of the control logic connector as shown below:

Each device requires just two connections for data transmission and reception. Additionally, the 
device at each physical end of the wiring requires a termination resistor. The L300P has built-in 
termination resistors that become part of the circuit when you add a jumper as shown.

TIP: Each slave device on the serial network must have a unique node address, set by parame-
ter C072. If this is a new application, we recommend connecting one new device at a time and 
checking the communications after each addition.

SP SN RP SN

Serial
Communications

Connector

Send/receive (+) Positive

Send/receive (–) Negative

Termination resistor (+)

Termination resistor (–)

SP SN RP SN

L300P L300P

SP SN RP SN SP SN RP SN

L300P

Termination jumper

Send/receive (+)

Send/receive (–)
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Serial Network 
Parameter 
Settings

Several parameter settings are necessary to configure serial communications, listed below. 

For inverters on the same network, some settings must match from inverter to inverter. These 
include:

• Baud rate

• Data bits

• Parity

• Stop bits

However, the node address on each inverter must be unique, used only once on the network.

Function 
Code

Item Value Description

C070 Data command source

02 Digital operator

03 RS485 connector

04 Expansion card #1

05 Expansion card #2

C071 Baud rate

02 Loop-back test

03 2400 bps

04 4800 bps

05 9600 bps

06 19200 bps

C072 Node address

1 to 32, 
FF

1 to 32 – Node or station address (unique 
to each inverter or device)
FF – Automatic broadcast (to all nodes on 
transmit, allowed only on certain 
commands (refer to each command 
description in this appendix)

C073 Data bits
07 7 bits

08 8 bits

C074 Parity

00 none

01 Even parity

02 Odd parity

C075 Stop bits
01 1 bit

02 2 bits

C078 Wait time 0 to 1000 0 to 1000 ms time that the inverter waits 
to respond to network master
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Communications Protocol
Introduction to 
Command List

The network master sends a frame to initiate 
communications with a slave, as shown in the 
figure to the right. After the set waiting time 
(per parameter C078, the inverter responds.

The following table lists the commands, single-character codes sent to a particular device on 
the network.

NOTE: Use of command 08 – set inverter parameters to default values first requires setting the 
initialization mode parameter B084 to 01 (initializes parameters only) or 02 (initializes param-
eters and clears the trip history).

Command 
Code Description User-selectable

00 Forward / Reverse / Stop command ✔

01 Setting of frequency in standard profile ✔

02 Setting of intelligent terminal state ✔

03 Read all monitor data (block read) —

04 Read inverter status —

05 Read trip history —

06 Read a single parameter value —

07 Write a single parameter value ✔

08 Set inverter parameters to default values ✔

09 Verifies that the requested setting can be 
written to EEPROM.

—

0A Writes a parameter value to EEPROM ✔

0B Requests the recalculation of internal constant ✔

Host
(master)

wait
time

frame

Inverter
(slave)

frame
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Command – 00 The 00 command controls the Forward, Reverse and Stop mode of the inverter. You must set 
parameter A002=03 in order for serial communications control of the inverter to apply.

The frame format of command 00 follows the 
timing diagram and specification table.

The example below shows a transmission to the inverter at address Node 1 to rotate the motor 
in the forward direction.

Command – 01 The 01 command sets the output frequency for the standard profile. You must set parameter 
A003=01 in order for serial communications control of the inverter to apply.

The frame format of command 01 follows the 
timing diagram and specification table.

The example below shows a transmission to the inverter at address Node 1 to set the output 
frequency for 5 Hz. We use a value of 500 in ASCII to represent 5.00 Hz.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 00

Data Transmission data 1 byte 00 = Stop command
01 = Forward command
02 = Reverse command

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command Data BCC [CR]

Frame format

(STX) | 01 | 00 | 1 | (BCC) | [CR] to ASCII 02 | 30 31 | 30 30 | 31 | 33 30 | 0D

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 01

Data Transmission data 6 bytes ASCII code for ten times the 
frequency (accommodates two 
decimal places)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command Data BCC [CR]

Frame format

(STX) | 01 | 01 | 000500 | (BCC) | 

to ASCII 02 | 30 31 | 30 31 | 30 30 30 35 30 30 | 30 35 | 
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Command – 02 The 02 command assigns the function of the intelligent input terminals.

The frame format of command 02 follows the 
timing diagram and specification table.

The 16-byte data string is specified in the following table:

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all

Command Transmission command 2 bytes 02

Data Transmission data 16 bytes (see table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command Data BCC [CR]

Frame format

Data (Hex) Description Data (Hex) Description

0000000000000001 [FW] Forward command 0000000000100000 [STA] 3-wire Start

0000000000000002 [RV] Reverse command 0000000000200000 [ST]P 3-wire Hold

0000000000000004 [CF1] Multi-speed 1 0000000000400000 [F/R] 3-wire FWD/REV

0000000000000008 [CF2] Multi-speed 2 0000000000800000 [PID] PID enable

0000000000000010 [CF3] Multi-speed 3 0000000001000000 [PIDC] PID integrator reset

0000000000000020 [CF4] Multi-speed 4 0000000002000000 —

0000000000000040 [JG] Jog operation 0000000004000000 —

0000000000000080 [DB] Dynamic braking 0000000008000000 [UP] remote control increment speed

0000000000000100 [SET] set 2nd motor 0000000010000000 [DWN] remote control decrement 
speed

0000000000000200 [2CH] 2-stage adjustable speed 0000000020000000 [UDC] remote control clear up/down

0000000000000400 — 0000000040000000 —

0000000000000800 [FRS] Free-run stop 0000000080000000 [OPE] Force from operator terminal

0000000000001000 [EXP] External trip 0000000100000000 [SF1] Multi-speed bit-level

0000000000002000 [USP] Unattended start protection 0000000200000000 [SF2] Multi-speed bit-level

0000000000004000 [CS] Commercial power change 0000000400000000 [SF3] Multi-speed bit-level

0000000000008000 [SFT] Software lock 0000000800000000 [SF4] Multi-speed bit-level

0000000000010000 [AT] analog input voltage/current 0000001000000000 [SF5] Multi-speed bit-level

0000000000020000 — 0000002000000000 [SF6] Multi-speed bit-level

0000000000040000 [RS] Reset 0000004000000000 [SF7] Multi-speed bit-level

0000000000080000 — 0000008000000000 [OLR] Overload restriction setting
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The arrangement of the terminal assignment data permits you to assign all inputs in a single 
command. The example below shows a transmission to the inverter at address Node 1 to set the 
Forward command, Multi-speed 1 and Multi-speed 2.

Command – 03 The 03 command reads the monitor data as a single block.

The frame format of command 03 follows the 
diagram and specification table. The transmit 
frame has no data field.

The receive frame has a 104-byte data field, 
containing values for 13 items.

(STX) | 01 | 02 | 0x000000000000000D | (BCC) | (CR) to ASCII

02 | 30 31 | 30 31 | 30 30 30  30  30 30 30  30  30 30 30  30  30 30 30  68 | 30 35 | 0D

0x0000000000000001
+ 0x0000000000000004
+ 0x0000000000000008
= 0x000000000000000D

Sum the three data strings:

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 03

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Transmission data 104 
bytes

(see next table)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Transmit frame format

STX Node Data BCC [CR]

Receive frame format
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The data in the receive frame contains 8-byte values for 13 items, listed in the table below:

The eight bytes for intelligent input or intelligent output data have a bit set in the data field for 
each I/O point that is ON, according to the following table:

No. Monitor Item Units Multiplier

1 Output frequency Hz 100

2 Output current A 10

3 Direction of rotation — —

4 PID feedback monitor % 100

5 Intelligent input monitor — —

6 Intelligent output monitor — —

7 Frequency converting monitor — 100

8 Output torque monitor % 1

9 Output voltage monitor V 10

10 Electric power monitor kW 10

11 Reserved — —

12 Run Mode time monitor hours 1

13 Power ON time monitor hours 1

Terminal Monitor Item Data

[FW] Forward input 00000001

[1] Input 1 00000002

[2] Input 2 00000004

[3] Input 3 00000008

[4] Input 4 00000010

[5] Input 5 00000020

[6] Input 6 00000040

[7] Input 7 00000080

[8] Input 8 00000100

[AL] Alarm relay 00000001

[11] Output 1 00000002

[12] Output 2 00000004

[13] Output 3 00000008

[14] Output 4 00000010

[15] Output 5 00000020
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Command – 04 The 04 command reads the status of the inverter. 
The frame format of command 04 follows the 
diagrams and specification tables. The transmit 
frame has no data field.

The receive frame has an 8-byte data field, 
containing values for three trip items (plus a 
reserved field).

Trip data is organized as shown. The 
table below lists the codes and their 
meanings.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 04

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Transmission data 8 bytes (see next table)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Code Status A Definition Status B Definition Status C Definition

00 Initial status On stopping —

01 — On running Stop

02 On Stopping On tripping Deceleration speed

03 On running — Constant speed

04 On free-run stop — Acceleration speed

05 On jog — Forward

06 On dynamic braking — Reverse

07 On retry — Reverse from forward

08 On trip — Forward from reverse

09 On under-voltage — Forward start

10 — — Reverse start

STX Node Command BCC [CR]

Transmit frame format

STX Node Data BCC [CR]

Receive frame format

Data field contents

(reserved)Status CStatus BStatus A
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Command – 05 The 05 command reads the inverter’s trip history. 
The frame format of command 05 follows the 
diagrams and specification tables. The transmit 
frame has no data field.

The receive frame has a 440-byte data field. This 
consists of an 8-byte total accumulated number of 
trip events, followed by six 72-byte strings for the 
six most recent trip events as shown below.

The nine bytes of data for each trip event history is listed below. The data contains the multi-
plier to adjust the decimal point. Divide the data by that factor to derive the actual value.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 05

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Transmission data 440 
bytes

(see next table)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

No. Monitor Item Units Multiplier

1 Trip factor — —

2 Inverter Status A — —

3 Inverter Status B — —

4 Inverter Status C — —

5 Output frequency Hz 10

6 Accumulated Run Mode time hours 1

7 Output current A 10

8 Output voltage V 10

9 Power ON time hours 1

STX Node Command BCC [CR]

Transmit frame format

STX Node Data BCC [CR]

Receive frame format

Data field contents

Trip 3Trip 2Trip 1Total count Trip 6Trip 5Trip 4
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For Command 05, bytes 2, 3, and 4 of 
the event history are status codes A, B, 
and C, respectively. The tables below 
provide status code descriptions.

Code Status A Definition Status C Definition

00 Initial status On reset

01 — On stopping

02 On Stopping On deceleration

03 On running Constant speed

04 On free-run stop On acceleration

05 On jog On 0 Hz running

06 On dynamic braking On running

07 On retry On dynamic braking

08 On trip On overload restriction

09 On under-voltage —

Bit Status B Definition
Error 
Code

0 Ground fault E14

1 IGBT error, U phase E30

2 Under-voltage error E09

3 Over-voltage protection E07

4 Thermal trip E21

5 IGBT error, V phase E30

6 IGBT error, W phase E30

7 Gate array error E23

Data field contents

Status CStatus BStatus A

byte 4byte 3byte 2
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Command – 06 The 06 command reads a single parameter 
value from the inverter, which is specified by 
the data field this read command.

The receive frame includes an ACK 
(acknowledge) character, followed by an
8-byte data field.

Use the codes in the table below to return parameters for H03 and H203 (motor capacity selec-
tion).

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 06

Data Parameter specified to be read 4 bytes (see tables below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

ACK Control code (ACKnowledge) 1 byte ACK (0x06)

Data Parameter value 8 bytes Value of parameter times ten, 
returned as ASCII char. code,
 except for H003 and H203 (see 
table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Code Data 00 01 02 03 04 05 06 07 08 09 10

U.S. mode (B85=00, 02) 0.2 kW 0.4 0.75 1.5 2.,2 3.7

EU mode (B85=01) 0.2 kW 0.37 0.55 0.75 1.1 1.5 2.2 3.0 4.0

Code Data 11 12 13 14 15 16 17 18 19 20 21

U.S. mode (B85=00, 02) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

EU mode (B85=01) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

STX Node Command Data BCC [CR]

Transmit frame format

STX Node ACK Data BCC [CR]

Receive frame format
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Command – 07 The 07 command sets a parameter value equal to the value specified in the transmission.The 
frame format of command 07 follows the diagram and specification table.  

Note that the parameter F001, the output frequency, can be set more directly with host 
command 01 instead of with this command. Use the codes in the following table for setting 
parameters associated with H003 and H203.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 07

Parameter Function code of parameter 4 bytes F002..., A001..., B001..., C001..., 
H003..., P001...

Data Transmission data 8 bytes Value of parameter times ten as 
ASCII char. code, except for 
H003 and H203 (see table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Code Data 00 01 02 03 04 05 06 07 08 09 10

U.S. mode (B85=00, 02) 0.2 kW 0.4 0.75 1.5 2.,2 3.7

EU mode (B85=01) 0.2 kW 0.37 0.55 0.75 1.1 1.5 2.2 3.0 4.0

Code Data 11 12 13 14 15 16 17 18 19 20 21

U.S. mode (B85=00, 02) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

EU mode (B85=01) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

STX Node Command Data BCC [CR]

Frame format

Parameter
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Command – 08 The 08 command initializes the inverter parameters to the factory default values. First, you 
must set B84 (use command 07) to specify whether you want to clear the trip history at the 
same time. Also, set B85 to specify the country code for the initialization (use command 07).

The frame format of command 08 follows the 
diagram and specification table.

Command – 09 The 09 command verifies whether or not it is 
possible to set a particular parameter in the 
EEPROM. The frame format of command 08 
follows the diagram and specification table.

The receive frame includes an ACK 
(acknowledge) character, followed by a
2-byte data field with the result.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 08

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Frame format

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 09

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

ACK Control code (ACKnowledge) 1 byte ACK (0x06)

Data Parameter value 2 bytes 00 = setting not allowed,
01 = setting is allowed

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Transmit frame format

STX Node ACK Data BCC [CR]

Receive frame format
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Command – 0A The 0A command sets a value in the EEPROM.

The frame format of command 0A follows the 
diagram and specification table.

Command – 0B The 0B command recalculates the inverter’s internal motor constants. Use this function after 
the base frequency or any Hxxx parameters are changed via the serial link commands. 

The frame format of command 0B follows the 
diagram and specification table.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 0A

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Frame format

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 0B

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Frame format
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Communications Reference Information
Inverter
Affirmative Reply

The standard affirmative reply from the inverter 
uses the ACK character (acknowledge) in the data 
field. The frame format of this reply follows the 
diagram and specification table.

Inverter
Negative Reply

The standard negative reply from the inverter 
uses the NAK character (negative acknowl-
edge) in the data field. The frame format of 
this reply follows the diagram and specifica-
tion table.

The error codes for a NAK (negative acknowledge) are:

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

ACK Control code (ACKnowledge) 1 byte ACK (0x06)

BCC Block check sum code 2 bytes Exclusive OR of Node and ACK

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node ACK BCC [CR]

Frame format

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Error code – reason for negative 
acknowledge

2 bytes (see error codes in next table)

NAK Control code
(Negative ACKnowledge)

1 byte NAK (0x15)

Error code Code representing error type 1 byte (See next table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, Data,  
and NAK

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Error 
Code

Error Description
Error 
Code

Error Description

01H Parity error 07H Receive buffer overrun error

02H Check sum error 08H Receive time-out error

03H Framing error 11H Abnormal command code error

04H Overrun error 13H Test error code

05H Protocol error 16H Abnormal parameter code/value 
error

06H ASCII code error — —

Node BCC [CR]

Frame format

STX NAK Error
code
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Block Check 
Code (BCC)

This section shows how the inverter protocol computes defines a BCC—block check code. The 
BCC is calculated for each frame transmitted and can be used to verify the integrity of data 
transmission. The example below shows command 01 setting the inverter frequency to 5Hz.

The block check code is computed by using the ASCII codes (shown above) and applying 
eXclusive OR (XOR) operations. Beginning with the first pair of bytes, the result of their XOR 
result is then used in an XOR operation with the third byte, and so on. For this example, the 
BCC calculation is shown below.

ASCII Code Table The table below shows only the ASCII codes used for function codes and parameter data.

STX Node Command Data BCC [CR]

Frame format

ASCII Code

(0x 02)

(0x 30 31)

(0x 30 31)

(0x 30 30 30 35 30 30)

(0x 30 35)

(0x 0D)

0 1

0 1

0 0 0 5 0 0

0

Data bytes:

3 0 3 03 53 03 03 03 13 03 1

0 1

3 0

3 1

0 0

3 0

0 0

3 0

0 5

3 5

0 5 BCC

XOR
intermediate results

Character ASCII Code Character ASCII Code Character ASCII Code

STX 0 2 4 3 4 C 4 3

ACK 0 6 5 3 5 D 4 4

CR 0 D 6 3 6 E 4 5

NAK 1 5 7 3 7 F 4 6

0 3 0 8 38 H 4 8

1 3 1 9 39 P 5 0

2 3 2 A 4 1 — —

3 3 3 B 4 2 — —
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Introduction
This appendix lists the user-programmable parameters for the L300P series inverters and the 
default values for European, U.S. and Japanese product types. The right-most column of the 
tables is blank so you can record values you have changed from the default. This involves just a 
few parameters for most applications.

Parameter Settings for Keypad Entry
L300P series inverters provide many functions and parameters that can be configured by the 
user. We recommend that you record all parameters that have been edited, in order to help in 
troubleshooting or recovery from a loss of parameter data.

Main Profile 
Parameters

Inverter model

MFG. No.

L300P } This information is printed on 
the specification label located 
on the right side of the inverter.

“F” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

F001 Output frequency setting 0.00 0.00 0.00

F002 Acceleration (1) time setting 30.0 60.0 30.0

F202 Acceleration (1) time setting, 2nd 
motor

30.0 60.0 30.0

F003 Deceleration (1) time setting 30.0 60.0 30.0

F203 Deceleration (1) time setting, 2nd 
motor

30.0 60.0 30.0

F004 Keypad Run key routing 00 00 00
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Standard 
Functions

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

A001 Frequency source setting 01 01 00

A002 Run command source setting 01 01 02

A003 Base frequency setting 50. 60. 60.

A203 Base frequency setting, 2nd motor 50. 60. 60.

A004 Maximum frequency setting 50. 60. 60.

A204 Maximum frequency setting, 2nd 
motor

50. 60. 60.

A005 [AT] selection 00 00 00

A006 [O2] selection 00 00 00

A011 [O]–[L] input active range start 
frequency

0.00 0.00 0.00

A012 [O]–[L] input active range end 
frequency

0.00 60.00 0.00

A013 [O]–[L] input active range start 
voltage

0. 0. 0.

A014 [O]–[L] input active range end 
voltage

100. 100. 100.

A015 [O]–[L] input start frequency enable 01 01 01

A016 External frequency filter time const. 8. 8. 8.

A019 Multi-speed operation selection 00 00 00

A020 Multi-speed frequency setting 0.00 0.00 0.00

A220 Multi-speed frequency setting, 2nd 
motor

0.00 0.00 0.00

A021 Multi-speed 1 setting 0.00 0.00 0.00

A022 Multi-speed 2 setting 0.00 0.00 0.00

A023 Multi-speed 3 setting 0.00 0.00 0.00

A024 Multi-speed 4 setting 0.00 0.00 0.00

A025 Multi-speed 5 setting 0.00 0.00 0.00

A026 Multi-speed 6 setting 0.00 0.00 0.00

A027 Multi-speed 7 setting 0.00 0.00 0.00

A028 Multi-speed 8 setting 0.00 0.00 0.00

A029 Multi-speed 9 setting 0.00 0.00 0.00

A030 Multi-speed 10 setting 0.00 0.00 0.00

A031 Multi-speed 11 setting 0.00 0.00 0.00
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A032 Multi-speed 12 setting 0.00 0.00 0.00

A033 Multi-speed 13 setting 0.00 0.00 0.00

A034 Multi-speed 14 setting 0.00 0.00 0.00

A035 Multi-speed 15 setting 0.00 0.00 0.00

A038 Jog frequency setting 1.00 1.00 1.00

A039 Jog stop mode 00 00 00

A041 Torque boost method selection 00 00 00

A241 Torque boost method selection, 2nd 
motor

00 00 00

A042 Manual torque boost value 1.0 1.0 1.0

A242 Manual torque boost value, 2nd 
motor

1.0 1.0 1.0

A43 Manual torque boost frequency 
adjustment

5.0 5.0 5.0

A243 Manual torque boost frequency 
adjustment, 2nd motor

5.0 5.0 5.0

A44 V/F characteristic curve selection, 
1st motor

00 01 00

A244 V/F characteristic curve selection, 
2nd motor

00 01 00

A045 V/f gain setting 100. 100. 100.

A051 DC braking enable 00 00 00

A052 DC braking frequency setting 0.50 0.50 0.50

A053 DC braking wait time 0.0 0.0 0.0

A054 DC braking force during
deceleration

0. 0. 0.

A055 DC braking time for deceleration 0.0 0.0 0.0

A056 DC braking / edge or level detection 
for [DB] input

01 01 01

A057 DC braking force for starting 0. 0. 0.

A058 DC braking time for starting 0.0 0.0 0.0

A059 DC braking carrier frequency setting 3.0 3.0 3.0

A061 Frequency upper limit setting 0.00 0.00 0.00

A0261 Frequency upper limit setting, 2nd 
motor

0.00 0.00 0.00

A062 Frequency lower limit setting 0.00 0.00 0.00

A0262 Frequency lower limit setting, 2nd 
motor

0.00 0.00 0.00

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)
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A063, 
A065, 
A067

Jump (center) frequency setting 0.00 0.00 0.00

A064, 
A066, 
A068

Jump (hysteresis) frequency width 
setting

0.50 0.50 0.50

A069 Acceleration stop frequency setting 0.00 0.00 0.00

A070 Acceleration stop time frequency 
setting

0.0 0.0 0.0

A071 PID Function Enable 00 00 00

A072 PID proportional gain 1.0 1.0 1.0

A073 PID integral time constant 1.0 1.0 1.0

A074 PID derivative gain 0.0 0.0 0.0

A075 PV scale conversion 1.00 1.00 1.00

A076 PV source setting 00 00 00

A081 AVR function select 00 00 02

A082 AVR voltage select 230/400 230/460 200/400

A085 Operation mode
selection

00 00 00

A086 Energy saving mode tuning 50.0 50.0 50.0

A092 Acceleration (2) time setting 15.0 15.0 15.0

A292 Acceleration (2) time setting, 2nd 
motor

15.0 15.0 15.0

A093 Deceleration (2) time setting 15.0 15.0 15.0

A293 Deceleration (2) time setting, 2nd 
motor

15.0 15.0 15.0

A094 Select method to switch to Acc2/
Dec2 profile

00 00 00

A294 Select method to switch to Acc2/
Dec2, 2nd motor

00 00 00

A095 Acc1 to Acc2 frequency transition 
point

0.0 0.0 0.0

A295 Acc1 to Acc2 frequency transition 
point, 2nd motor

0.0 0.0 0.0

A096 Dec1 to Dec2 frequency transition 
point

0.0 0.0 0.0

A296 Dec1 to Dec2 frequency transition 
point, 2nd motor

0.0 0.0 0.0

A097 Acceleration curve selection 00 00 00

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)
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Fine Tuning 
Functions

A098 Deceleration curve setting 00 00 00

A101 [OI]–[L] input active range start 
frequency

0.00 0.00 0.00

A102 [OI]–[L] input active range end 
frequency

0.00 60.00 0.00

A103 [OI]–[L] input active range start 
current

20. 20. 20.

A104 [OI]–[L] input active range end 
current

100. 100. 100.

A105 [OI]–[L] input start frequency 
enable

01 01 01

A111 [O2]–[L] input active range start 
frequency

0.00 0.00 0.00

A112 [O2]–[L] input active range end 
frequency

0.00 0.00 0.00

A113 [O2]–[L] input active range start 
voltage

–100. –100. –100.

A114 [O2]–[L] input active range end 
voltage

100. 100. 100.

A131 Acceleration curve constants setting 02 02 02

A132 Deceleration curve constants setting 02 02 02

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

“B” Group Parameters Default Setting

User SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

B001 Selection of restart mode 00 00 00

B002 Allowable under-voltage power 
failure time

1.0 1.0 1.0

B003 Retry wait time before motor restart 1.0 1.0 1.0

B004 Instantaneous power failure / under-
voltage trip alarm enable

00 00 00

B005 Number of restarts on power failure / 
under-voltage trip events

00 00 00

B006 Phase loss detection enable 00 00 00

B007 Restart frequency threshold 0.00 0.00 0.00
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B012 Electronic thermal setting (calcu-
lated within the inverter from current 
output)

Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

B212 Electronic thermal setting (calcu-
lated within the inverter from current 
output), 2nd motor

Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

B013 Electronic thermal characteristic 01 00 00

B213 Electronic thermal characteristic, 
2nd motor

01 00 00

B015 Free setting, electronic thermal 
frequency (1) 

0. 0. 0.

B016 Free setting, electronic thermal 
current (1)

0.0 0.0 0.0

B017 Free setting, electronic thermal 
frequency (2)

0. 0. 0.

B018 Free setting, electronic thermal 
current (2)

0.0 0.0 0.0

B019 Free setting, electronic thermal 
frequency (3)

0. 0. 0.

B020 Free setting, electronic thermal 
current (3)

0.0 0.0 0.0

B021 Overload restriction operation mode 01 01 01

B022 Overload restriction setting Rated current x 
1.20

Rated current x 
1.10

Rated current x 
1.20

B023 Deceleration rate at overload restric-
tion

1.0 15.0 1.0

B024 Overload restriction operation mode 
(2)

01 01 01

B025 Overload restriction setting (2) Rated current x 
1.20

Rated current x 
1.20

Rated current x 
1.20

B026 Deceleration rate at overload
restriction (2)

1.00 1.00 1.00

B031 Software lock mode selection 01 01 01

B034 Run/power-on warning time 0. 0. 0.

B035 Rotational direction restriction 00 00 00

B036 Reduced voltage start selection 06 06 06

B037 Function code display restriction 00 00 00

B080 [AM] terminal analog meter adjust-
ment

180 180 180

B081 [FM] terminal analog meter adjust-
ment

60 60 60

“B” Group Parameters Default Setting

User SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)
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B082 Start frequency adjustment 0.50 0.50 0.50

B083 Carrier frequency setting 3.0 3.0 3.0

B084 Initialization mode (parameters or 
trip history)

00 00 00

B085 Country code for initialization 01 02 00

B086 Frequency scaling conversion factor 1.0 1.0 1.0

B087 STOP key enable 00 00 00

B088 Restart mode after FRS 00 00 00

B090 Dynamic braking usage ratio 0.0 0.0 0.0

B091 Stop mode selection 00 00 00

B092 Cooling fan control 00 00 00

B095 Dynamic braking control 00 00 00

B096 Dynamic braking activation level 360/720 360/720 360/720

B098 Thermistor for thermal protection 
control

00 00 00

B099 Thermal protection level setting 3000. 3000. 3000.

B100 Free-setting V/f frequency (1) 0. 0. 0.

B101 Free-setting V/f voltage (1) 0.0 0.0 0.0

B102 Free-setting V/f frequency (2) 0. 0. 0.

B103 Free-setting V/f voltage (2) 0.0 0.0 0.0

B104 Free-setting V/f frequency (3) 0. 0. 0.

B105 Free-setting V/f voltage (3) 0.0 0.0 0.0

B106 Free-setting V/f frequency (4) 0. 0. 0.

B107 Free-setting V/f voltage (4) 0.0 0.0 0.0

B108 Free-setting V/f frequency (5) 0. 0. 0.

B109 Free-setting V/f voltage (5) 0.0 0.0 0.0

B110 Free-setting V/f frequency (6) 0. 0. 0.

B111 Free-setting V/f voltage (6) 0.0 0.0 0.0

B112 Free-setting V/f frequency (7) 0. 0. 0.

B113 Free-setting V/f voltage (7) 0.0 0.0 0.0

“B” Group Parameters Default Setting

User SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)
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Intelligent 
Terminal 
Functions

“C” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

C001 Terminal [1] function 18 18 18

C002 Terminal [2] function 16 16 16

C003 Terminal [3] function 03 13 03

C004 Terminal [4] function 02 02 02

C005 Terminal [5] function 01 01 01

C011 Terminal [1] active state 00 00 00

C012 Terminal [2] active state 00 00 00

C013 Terminal [3] active state 00 01 00

C014 Terminal [4] active state 00 00 00

C015 Terminal [5] active state 00 00 00

C019 Terminal [FW] active state 00 00 00

C021 Terminal [11] function 01 01 01

C022 Terminal [12] function 00 00 00

C026 Alarm relay terminal function 05 05 05

C027 [FM] signal selection 00 00 00

C028 [AM] signal selection 00 00 00

C029 [AMI] signal selection 00 00 00

C031 Terminal [11] active state 00 00 00

C032 Terminal [12] active state 00 00 00

C036 Alarm relay active  state 01 01 01

C040 Overload signal output mode 01 01 01

C041 Overload level setting Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

C042 Frequency arrival setting for accel. 0.00 0.00 0.00

C043 Arrival frequency setting for decel. 0.00 0.00 0.00

C044 PID deviation level setting 3.0 3.0 3.0

C061 Electronic thermal warning level 
setting

80. 80. 80.

C070 Data command method 02 02 02

C071 Communication speed selection 04 04 04

C072 Node allocation 1. 1. 1.
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Motor Constants 
Functions

C073 Communication data length selec-
tion

7 7 7

C074 Communication parity selection 00 00 00

C075 Communication stop bit selection 1 1 1

C078 Communication wait time 0. 0. 0.

C081 [O] input span calibration Factory set Factory set Factory set

C082 [OI] input span calibration Factory set Factory set Factory set

C083 [O2] input span calibration Factory set Factory set Factory set

C085 Thermistor input tuning 105.0 105.0 105.0

C086 [AM] terminal offset tuning 0.0 0.0 0.0

C087 [AMI] terminal meter tuning 80. 80. 80.

C088 [AMI] terminal offset tuning Factory set Factory set Factory set

C091 Debug mode enable 00 00 00 Do not 
edit

C101 Up/Down memory mode selection 00 00 00

C102 Reset mode selection 00 00 00

C103 Restart mode after reset 00 00 00

C121 [O] input zero calibration Factory set Factory set Factory set

C122 [OI] input zero calibration Factory set Factory set Factory set

C123 [O2] input zero calibration Factory set Factory set Factory set

“C” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

“H” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

H003 Motor capacity, 1st motor Factory set Factory set Factory set

H203 Motor capacity, 2nd setting Factory set Factory set Factory set

H004 Motor poles setting, 1st motor 4 4 4

H204 Motor poles setting, 2nd motor 4 4 4

H006 Motor stabilization constant, 1st 
motor

100. 100. 100.

H206 Motor stabilization constant, 2nd 
motor

100. 100. 100.
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Expansion Card 
Functions

“P” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

P001 Operation mode on expansion card 1 
error

00 00 00

P002 Operation mode on expansion card 2 
error

00 00 00

P031 Accel/decel time input selection 00 00 00

P044 DeviceNet comm watchdog timer 1.00 1.00 1.00

P045 Inverter action on DeviceNet comm 
error

01 01 01

P046 DeviceNet polled I/O: Output 
instance number

21 21 21

P047 DeviceNet polled I/O: Input instance 
number

71 71 71

P048 Inverter action on DeviceNet idle 
mode 

01 01 01

P049 Motor poles setting for RPM 0 0 0

P050 Output frequency for analog refer-
ence signal loss
(–xFE2/–xFU2 models only)

00 00 —
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User-selectable 
Menu Functions

“P” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE2 (Europe) -FU2 (USA) -FR (Japan)

U001

User-selected function...
“no” = disabled, or use any of the 

functions D001 to P049

no no no

U002 no no no

U003 no no no

U004 no no no

U005 no no no

U006 no no no

U007 no no no

U008 no no no

U009 no no no

U010 no no no

U011 no no no

U012 no no no
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CE–EMC Installation Guidelines
You are required to satisfy the EMC directive (89/336/EEC) when using an L300P inverter in 
an EU country. To satisfy the EMC directive and to comply with standard, follow the guidelines 
in this section.

1. As user you must ensure that the HF (high frequency) impedance between adjustable 
frequency inverter, filter, and ground is as small as possible.

• Ensure that the connections are metallic and have the largest possible contact areas (zinc-
plated mounting plates).

2. Avoid conductor loops that act like antennas, especially loops that encompass large 
areas.

• Avoid unnecessary conductor loops.

• Avoid parallel arrangement of low-level signal wiring and power-carrying or noise-prone
conductors.

3. Use shielded wiring for the motor cable and all analog and digital control lines.

• Allow the effective shield area of these lines to remain as large as possible; i.e., do not 
strip away the shield (screen) further away from the cable end than absolutely necessary.

• With integrated systems (for example, when the adjustable frequency inverter is commu-
nicating with some type of supervisory controller or host computer in the same control 
cabinet and they are connected at the same PE-potential), connect the shields of the 
control lines to ground + PE (protective earth) at both ends. With distributed systems (for 
example the communicating supervisory controller or host computer is not in the same 
control cabinet and there is a distance between the systems), we recommend connecting 
the shield of the control lines only at the end connecting to the adjustable frequency 
inverter. If possible, route the other end of the control lines directly to the cable entry 
section of the supervisory controller or host computer. The shield conductor of the motor 
cables always must connected to PE at both ends.

• To achieve a large area contact between shield and PE-potential, use a PG screw with a 
metallic shell, or use a metallic mounting clip.

• Use only cable with braided, tinned copper mesh shield (type “CY”) with 85% coverage.

• The shielding continuity should not be broken at any point in the cable. If the use of 
reactors, contactors, terminals, or safety switches in the motor output is necessary, the 
unshielded section should be kept as short as possible.

• Some motors have a rubber gasket between terminal box and motor housing. Very often, 
the terminal boxes, and particularly the threads for the metal PG screw connections, are 
painted. Make sure there is always a good metallic connection between the shielding of 
the motor cable, the metal PG screw connection, the terminal box, and the motor 
housing. If necessary, carefully remove paint between conducting surfaces.

4. Take measures to minimize interference that is frequently coupled in through
installation cables.

• Separate interfering cables with 0.25m minimum from cables susceptible to interference. 
A particularly critical point is laying parallel cables over longer distances. If two cables 
intersect (one crosses over the other), the interference is smallest if they intersect at an 
angle of 90°. Cables susceptible to interference should therefore only intersect motor 
cables, intermediate circuit cables, or the wiring of a rheostat at right angles and never be 
laid parallel to them over longer distances.

5. Minimize the distance between an interference source and an interference sink (inter-
ference-threatened device), thereby decreasing the effect of the emitted interference on 
the interference sink.

• You should use only interference-free devices and maintain a minimum distance of 
0.25 m from the adjustable frequency inverter.

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 419 of 2133



L300P Inverter

A
ppendix D

D–3

6. Follow safety measures in the filter installation.

• Ensure that the protective earth terminal (PE) of the filter is properly connected to the PE 
terminal of the adjustable frequency inverter. An HF ground connection via metal 
contact between the housings of the filter and the adjustable frequency inverter, or solely 
via cable shield, is not permitted as a protective conductor connection. The filter must be 
solidly and permanently connected with the ground potential so as to preclude the danger 
of electric shock upon touching the filter if a fault occurs.

To achieve a protective ground connection for the filter:

• Ground the filter with a conductor of at least 10 mm2 cross-sectional area.

• Connect a second grounding conductor, using a separate grounding terminal parallel to 
the protective conductor. (The cross section of each single protective conductor terminal 
must be sized for the required nominal load.)

PEL1 L2L3

L300P inverter with footprint-type filter L300P inverter with book-type filter

PEL1 L2L3 M
3~

M
3~
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Hitachi EMC Recommendations

WARNING: This equipment should be installed, adjusted, and serviced by qualified personal 
familiar with construction and operation of the equipment and the hazards involved. Failure to 
observe this precaution could result in bodily injury.

Use the following checklist to ensure the inverter is within proper operating ranges and
conditions.

1. The power supply to L300P inverters must meet these specifications:

• Voltage fluctuation+/- 10% or less

• Voltage imbalance +/- 3% or less

• Frequency variation +/- 4% or less

• Voltage distortion THD = 10% or less

2. Installation measure:

• Use a filter designed for L300P inverter.

3. Wiring:

• Shielded wire (screened cable) is required for motor wiring, and the length must be less 
than 50 meters.

• The carrier frequency setting must be less than 5 kHz to satisfy EMC requirements.

• Separate the power input and motor wiring from the signal/process circuit wiring.

4. Environmental conditions—when using a filter, follow these guidelines:

• Ambient temperature: –10 to 40 °C

• Humidity: 20 to 90% RH (non-condensing)

• Vibration: 5.9 m/sec2 (0.6 G) 10 ~ 55Hz, L300P–110xxx to L300P–300xxx
2.94 m/sec2 (0.3 G) 10 ~ 55Hz, L300P–370xxx to L300P–1320xxx

• Location: 1000 meters or less altitude, indoors (no corrosive gas or dust)
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Braking resistor selection  5–7, 5–9
Braking unit  2–5
Braking unit selection  5–8
Braking, dynamic  1–20
Break-away torque  A–2

C
C Group functions  3–43
Capacitor life curve  6–12
Capacitor replacement  6–13
Carrier frequency  3–38, A–2
Catching a spinning motor  3–40, 3–55
CE approval  A–2
CE-EMC guidelines  D–2
Chassis ground connection  2–20
Choke  2–5, A–2
Choke, DC link  5–4
Chopper frequency  3–38
Clearance  2–7
Coasting  3–40, 3–55
Commercial power source switching  4–22
Communications  3–53
Communications protocol  B–5
Communications, serial  B–2
Constant torque  3–14
Constant volts/hertz operation  1–15
Control algorithms  3–14
Controlled deceleration at power loss  4–4
Cooling fan control  3–41
Copy Unit  1–3
Current overload  3–33
Current overload restriction  4–32
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Index–2

D
D Group parameters  3–6
DC braking  4–15, 4–16, A–2

derating  3–18
settings  3–17

DC link  A–2
choke  5–4

Deadband  A–2
Deceleration  1–17, 3–8, 4–15

characteristic curves  3–25
second function  3–23
two-stage  4–18

Default parameter values  C–2
Default settings

restoring  6–9
Derating

DC braking  3–18
Derating curves  1–11
Derivative gain  3–21
DeviceNet  5–5
Digital operator  2–23, 3–3

force operation  4–31
removal  2–4

Digital operator panel  A–2
Digital operators  1–3
Dimensions

inverter  2–8
terminals  2–16

Diode  A–3
Display restriction  3–36
Duty cycle  A–3
Dynamic braking  5–6, A–3

usage ratio  3–41, 5–6

E
Editing parameters  2–23, 2–26

in Run Mode  3–5, 3–35, 4–24
Electromagnetic compatibility  D–2
Electronic thermal overload  3–29
EMC installation guidelines  D–2
EMC installation recommendations  D–4
EMI  A–3
EMI filter  5–4
Energy savings mode  3–22
Error

PID loop  4–40, A–3
Error codes

programming  3–60
trip events  6–5

Event clearing  4–26
Expansion bay  2–4
Expansion card functions  3–57
Expansion cards

digital input  5–5
encoder feedback  5–5

External trip  4–20

F
F Group functions  3–8
Factory settings, restoring  6–9
Fan default setting  3–41
Fan outlet  2–7, 2–20
Fan replacement  6–14
Fan unit, Filler plate  1–4
FAQ  1–19
Features  1–2, 2–2
Ferrite core  5–4
Filters

noise suppression  5–2
Fine-tuning functions  3–28
Force operation from digital operator  4–31
Forward run command  4–11
Four-quadrant operation  A–3
Free-run stop  3–40, 3–55, 4–15, 4–19, A–3
Frequency arrival signals  4–37
Frequency matching  3–40, 3–55
Frequency setting  A–3
Frequency-related functions  3–19
Frequently asked questions  1–19
Functions  1–17
Fuse ratings  2–14

G
Glossary of terms  A–2
Grommets  2–13

H
H Group parameters  3–56
Hand/Auto indication  4–50
Harmonics  A–3
History of trip events  3–7
Horsepower  A–3

I
IGBT  1–15, A–3

test method  6–17
Index of terminal functions  4–9
Inertia  A–3
Initialization  6–9
Input active range  3–27
Input circuits  4–10
Input terminals  2–18
Inspection

electrical measurements  6–15
IGBT test method  6–17
measurement techniques  6–16
procedures  6–10
unpacking  2–2

Installation  2–6
Instantaneous power failure  4–43
Insulation test  6–11
Integral gain  3–21
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Index–3

Intelligent input terminals  3–43, 4–10
Intelligent input wiring examples  4–10
Intelligent output terminals  3–48, 4–35
Intelligent terminal functions  3–43
Intelligent terminal index  4–9
Intelligent terminals  A–3
Inverter  1–19
Inverter definition  A–3
Inverter specifications  1–6
Isolation transformer  A–4

J
Jog command  4–15
Jog frequency settings  3–13
Jogging operation  A–4
Jump frequency  3–19, A–4

K
Keypad

features  2–23, 3–3
navigation  2–25, 3–4
navigation, trip events  6–8

Keypad features  2–23
Keypads  1–3, 3–2

L
LEDs  2–23, 3–3
Line reactor  A–4
Linear accel/decel  3–25
Logic connector  4–8
Logic terminals  3–43, 3–48

input wiring examples  4–10

M
Main profile parameters  3–8
Maintenance procedures  6–10
Manual/Auto indication  4–50
Megger test  6–11
Miscellaneous functions  3–55, 3–58
Model number convention  1–5
Momentum  A–4
Monitor mode  2–25, 2–29, 2–30, 3–4
Monitoring functions  3–6
Motor constants  3–56, 4–57
Motor load  A–4
Motor poles  2–28
Motor selection  1–20
Motor wiring  2–20
Mounting location  2–6
Multiple motors

configuration  4–59
Multi-speed operation  4–12, A–4
Multi-speed profiles  1–17
Multi-speed settings  3–13

N
Nameplate  1–5
Navigational map  2–25, 3–4

trip events  6–8
NEC  A–4
NEMA  A–4
NEMA compliance  2–13
NEMA rating  2–7
Noise filters  5–2

AC reactor  2–5
Noise suppression  1–20

O
Open-collector outputs  A–4
Operational modes  3–5
Operator interfaces  1–3
Optional components  2–5
Options  1–2
Output circuits  4–35
Output deviation for PID control  4–40
Output frequency  3–8
Output overload  3–33
Output terminals  2–20
Over-current trip  3–28
Overload advance notice signal  4–39
Overload restriction  3–33, 4–32

P
P Group functions  3–57
Parameter editing  2–23, 2–26
Parameter settings tables  C–2
Parameters  1–17
Phase loss  3–28
PID loop  1–20, A–4

clearing  4–29
error  A–3
ON/OFF  4–29
operation  4–58
output deviation  4–40
process variable  A–4
setpoint  A–5
settings  3–21

PLC, connecting to  4–6
Poles  1–20
Poles of motor  2–28
Potentiometer  2–27, 4–53
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Index–4

Power factor  A–4
Power failure  4–43
Power failure response  3–28
Power loss  4–4
Power source switching  4–22
Power-on time over signal  4–46
Powerup test  2–21

observations  2–30
Powerup, unattended start  4–21
Process variable  A–4
Program mode  2–25, 2–30, 3–4
Programming device  3–2
Programming error codes  3–60
Programming error monitoring  3–7
Proportional gain  3–21
Pulse-width modulation  4–54
PWM  A–4

R
Ratings label  1–5
Reactance  A–5
Read/write copy unit  1–3, 3–2
Rectifier  A–5
Reduced torque  3–14
Regenerative braking  A–5
Regulation  A–5
Regulatory agency approvals  1–5
Relay alarm contacts  4–41
Relay outputs  4–35
Remote control  4–30
Removable components  1–4
Reset function  4–26
Reset Mode  3–55
Restart Mode  3–40, 3–55
Retention screws  2–4
Reverse run command  4–11
Reverse torque  A–5
Reverse U-shape accel/decel  3–25
Rotor  A–5
Run command  4–11
Run command source monitor  4–50
Run enable for FW/RV  4–34
Run mode  2–30, 3–5
Run signal  4–36
Running the motor  2–29
Run-time edits  3–5, 3–35, 4–24
Run-time signal  4–46

S
Safety messages  i
Saturation voltage  A–5
Second motor  4–17
Sensorless vector control  A–5
Serial communications  3–53, B–2
Serial communications protocol  B–5
Set 2nd/3rd motors  4–17
Setpoint  A–5
Sigmoid accel/decel  3–25
Single-phase power  A–5
Sinking I/O  4–6
Slip  A–5
Software lock  3–5, 3–35, 4–24
Sourcing I/O  4–6
Spare parts  6–12
Specifications

derating curves  1–11
general  1–9
logic signals  4–8

Speed control  1–15, 1–17, 4–12
Speed pot  2–27
Squirrel cage  A–5
Standard functions  3–9
Start frequency  A–5
Stator  A–5
Stop command  4–11
Stop Mode  3–40
Supply wiring  2–18
Switching frequency  3–38
Symbol definitions  i
System description  2–5
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Index–5

T
Tachometer  A–5
Technical support  1–xviii
Term definitions  A–2
Terminal block  1–4
Terminal listing  4–9
Thermal overload  3–29
Thermal protection  4–27
Thermal switch  A–6
Thermal warning  4–47
Thermistor  A–6
Thermistor input  4–27, 4–47
Third motor  4–17
Three-phase power  A–6

motor phase connections  1–16
Three-wire interface  4–28
Torque  1–15
Torque boost  3–15
Torque control algorithms  3–5, 3–14, 3–56

tuning  4–57
Torque specs, terminals  2–16
Torque, definition  A–6
Transistor  A–6
Trip events  3–7

clearing  6–5
definition  A–6
error codes  6–5
external  4–20
history  6–8
monitoring  6–5

Trip history  6–8
Trip mode  4–26
Troubleshooting tips  6–3
Two-stage accel/decel  4–18

U
U Group functions  3–59
UL instructions  xii
Unattended start protection  4–21
Under-voltage signal  4–43
Under-voltage trip  3–28
Unpacking  2–2
Up/Down functions  4–30
User-selectable menu functions  3–59
U-shape accel/decel  3–25

V
V/f control  3–14
V/f control setting  3–42
V/f free-setting  3–15
Variable torque  3–14
Variable-frequency drives

introduction  1–15
Velocity profile  1–17
Ventilation  2–7, 2–20

W
Warnings

operating procedures  4–3
Warranty  6–18
Watt loss  A–6
Windmilling  3–17, 3–20
Wiring

analog inputs  4–53
gauge  2–14
intelligent input wiring examples  4–10
logic  2–20
logic connector  4–8
output  2–20
power input  2–18
preparation  2–13
serial communications  B–3
system diagram  4–7

Z
Zero-phase reactor  5–4
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SJ300 Inverter
i

Safety Messages
For the best results with the SJ300 Series inverter, carefully read this manual and all of the 
warning labels attached to the inverter before installing and operating it, and follow the instruc-
tions exactly. Keep this manual handy for quick reference.

Definitions and 
Symbols

A safety instruction (message) includes a hazard alert symbol and a signal word, WARNING or 
CAUTION. Each signal word has the following meaning:

This symbol indicates HIGH VOLTAGE. It calls your attention to items or operations 
that could be dangerous to you and other persons operation this equipment. Read the 
message and follow the instructions carefully.

This symbol is the “Safety Alert Symbol.” It occurs with either of two signal words: 
CAUTION or WARNING, as described below.

WARNING: Indicates a potentially hazardous situation that, if not avoided, can result 
in serious injury or death.

CAUTION: Indicates a potentially hazardous situation that, if not avoided, can result 
in minor to moderate injury, or serious damage to the product. The situation described 
in the CAUTION may, if not avoided, lead to serious results. Important safety 
measures are described in CAUTION (as well as WARNING), so be sure to observe 
them.

STEP: A step is one of a series of action steps required to accomplish a goal. The 
number of the step will be contained in the step symbol.

NOTE: Notes indicate an area or subject of special merit, emphasizing either the 
product’s capabilities or common errors in operation or maintenance.

TIP: Tips give a special instruction that can save time or provide other benefits 
while installing or using the product. The tip calls attention to an idea that may not 
be obvious to first-time users of the product.

Hazardous High Voltage

HIGH VOLTAGE: Motor control equipment and electronic controllers are connected to haz-
ardous line voltages. When servicing drives and electronic controllers, there may be exposed 
components with housings or protrusions at or above line potential. Extreme care should be 
taken to protect against shock.
Stand on an insulating pad and make it a habit to use only one hand when checking compo-
nents. Always work with another person in case an emergency occurs. Disconnect power before 
checking controllers or performing maintenance. Be sure equipment is properly grounded. 
Wear safety glasses whenever working on electronic controllers or rotating machinery.
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General Precautions - Read These First!

WARNING: This equipment should be installed, adjusted, and serviced by qualified electrical 
maintenance personnel familiar with the construction and operation of the equipment and the 
hazards involved. Failure to observe this precaution could result in bodily injury.

WARNING: The user is responsible for ensuring that all driven machinery, drive train mecha-
nism not supplied by Hitachi Industrial Equipment Systems Co., Ltd., and process line material 
are capable of safe operation at an applied frequency of 150% of the maximum selected 
frequency range to the AC motor. Failure to do so can result in destruction of equipment and 
injury to personnel should a single-point failure occur.

WARNING: For equipment protection, install a ground leakage type breaker with a fast 
response circuit capable of handling large currents. The ground fault protection circuit is not 
designed to protect against personal injury.

HIGH VOLTAGE: HAZARD OF ELECTRICAL SHOCK. DISCONNECT INCOMING 
POWER BEFORE WORKING ON THIS CONTROL.

WARNING: Wait at least five (5) minutes after turning OFF the input power supply before 
performing maintenance or an inspection. Otherwise, there is the danger of electric shock.

CAUTION: These instructions should be read and clearly understood before working on 
SJ300 series equipment.

CAUTION: Proper grounds, disconnecting devices and other safety devices and their location 
are the responsibility of the user and are not provided by Hitachi Industrial Equipment Systems 
Co., Ltd.

CAUTION: Be sure to connect a motor thermal disconnect switch or overload device to the 
SJ300 series controller to assure that the inverter will shut down in the event of an overload or 
an overheated motor.

HIGH VOLTAGE: Dangerous voltage exists until power light is OFF. Wait at least 5 minutes 
after input power is disconnected before performing maintenance.

CAUTION: This equipment has high leakage current and must be permanently (fixed) hard-
wired to earth ground via two independent cables.

WARNING: Rotating shafts and above-ground electrical potentials can be hazardous. There-
fore, it is strongly recommended that all electrical work conform to the National Electrical 
Codes and local regulations. Installation, alignment and maintenance should be performed only 
by qualified personnel.
Factory-recommended test procedures included in the instruction manual should be followed. 
Always disconnect electrical power before working on the unit.
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iii

CAUTION: 
a) Motor must be connected to protective ground via low resistive path (< 0.1Ω)
b) Any motor used must be of a suitable rating.
c) Motors may have hazardous moving parts. In this event suitable protection must be provided.

CAUTION: Alarm connection may contain hazardous live voltage even when inverter is 
disconnected. When removing the front cover for maintenance or inspection, confirm that 
incoming power for alarm connection is completely disconnected.

CAUTION: Hazardous (main) terminals for any interconnection (motor, contact breaker, filter, 
etc.) must be inaccessible in the final installation.

CAUTION: The end application must be in accordance with BS EN60204-1. Refer to the 
section “Step-by-Step Basic Installation” on page 2–6. The diagram dimensions are to be 
suitably amended for your application.

CAUTION: Connection to field wiring terminals must be reliably fixed having two indepen-
dent means of mechanical support. Using a termination with cable support (figure below), or 
strain relief, cable clamp, etc.

CAUTION: A three-pole disconnection device must be fitted to the incoming main power 
supply close to the inverter. Additionally, a protection device meeting IEC947-1/IEC947-3 
must be fitted at this point (protection device data shown in “Determining Wire and Fuse Sizes” 
on page 2–14).

NOTE: The above instructions, together with any other requirements are highlighted in this 
manual, and must be followed for continued LVD (European Low Voltage Directive) compli-
ance.

Terminal (ring lug) Cable support

Cable
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Index to Warnings and Cautions in This Manual

Installation—Cautions for Mounting Procedures

CAUTION: Be sure to install the unit on flame-resistant material such as a 
steel plate. Otherwise, there is the danger of fire.

............... 2–6

CAUTION: Be sure not to place any flammable materials near the inverter. 
Otherwise, there is the danger of fire.

............... 2–6

CAUTION: Be sure not to let the foreign matter enter vent openings in the 
inverter housing, such as wire clippings, spatter from welding, metal 
shavings, dust, etc. Otherwise, there is the danger of fire.

............... 2–6

CAUTION: Be sure to install the inverter in a place that can bear the weight 
according to the specifications in the text (Chapter 1, Specifications Tables). 
Otherwise, it may fall and cause injury to personnel.

............... 2–6

CAUTION: Be sure to install the unit on a perpendicular wall that is not 
subject to vibration. Otherwise, it may fall and cause injury to personnel.

............... 2–6

CAUTION: Be sure not to install or operate an inverter that is damaged or 
has missing parts. Otherwise, it may cause injury to personnel.

............... 2–6

CAUTION: Be sure to install the inverter in a well-ventilated room that 
does not have direct exposure to sunlight, a tendency for high temperature, 
high humidity or dew condensation, high levels of dust, corrosive gas, 
explosive gas, inflammable gas, grinding-fluid mist, salt air, etc. Otherwise, 
there is the danger of fire.

............... 2–6

CAUTION: Be sure to maintain the specified clearance area around the 
inverter and to provide adequate ventilation. Otherwise, the inverter may 
overheat and cause equipment damage or fire.

............... 2–7

Wiring—Warnings for Electrical Practices and Wire Specifications

WARNING: “Use 60/75°C Cu wire only” or equivalent. .............  2–13

WARNING: “Open Type Equipment.” For models SJ300–750H to SJ300–
1500H.

.............  2–13

WARNING: “A Class 2 circuit wired with Class 1 wire” or equivalent. .............  2–13

WARNING: “Suitable for use on a circuit capable of delivering not more 
than 10,000 rms symmetrical amperes, 240 V maximum.” For models with 
suffix L.

.............  2–13

WARNING: “Suitable for use on a circuit capable of delivering not more 
than 10,000 rms symmetrical amperes, 480 V maximum.” For models with 
suffix H.

.............  2–13
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HIGH VOLTAGE: Be sure to ground the unit. Otherwise, there is a danger 
of electric shock and/or fire.

.............  2–13

HIGH VOLTAGE: Wiring work shall be carried out only by qualified 
personnel. Otherwise, there is a danger of electric shock and/or fire.

.............  2–13

HIGH VOLTAGE: Implement wiring after checking that the power supply 
is OFF. Otherwise, you may incur electric shock and/or fire.

.............  2–13

HIGH VOLTAGE: Do not connect wiring to an inverter or operate an 
inverter that is not mounted according the instructions given in this manual. 
Otherwise, there is a danger of electric shock and/or injury to personnel.

.............  2–13

Wiring—Cautions for Electrical Practices

CAUTION: Be sure that the input voltage matches the inverter specifica-
tions: • Three phase 200 to 240V 50/60Hz • Three phase 380 to 480V 50/
60Hz

.............  2–19

CAUTION: Be sure not to power a three-phase-only inverter with single 
phase power. Otherwise, there is the possibility of damage to the inverter 
and the danger of fire.

.............  2–19

CAUTION: Be sure not to connect an AC power supply to the output termi-
nals. Otherwise, there is the possibility of damage to the inverter and the 
danger of injury and/or fire.

.............  2–19

Power Input Power Output

R S T

T1 T2 T3

U V W

L1 L3

NOTE:

L1, L2, L3: Three-phase 200 to 240V 50/60 Hz
Three-phase 380 to 480V 50/60 HzL2
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CAUTION: Fasten the screws with the specified fastening torque in the 
table below. Check for any loosening of screws. Otherwise, there is the 
danger of fire.

.............  2–16

CAUTION: Remarks for using ground fault interrupter breakers in the main 
power supply: Adjustable frequency inverters with CE-filters (RFI-filter) 
and shielded (screened) motor cables have a higher leakage current toward 
Earth GND. Especially at the moment of switching ON this can cause an 
inadvertent trip of ground fault interrupter breakers. Because of the rectifier 
on the input side of the inverter there is the possibility to stall the switch-off 
function through small amounts of DC current. Please observe the follow-
ing: • Use only short time-invariant and pulse current-sensitive ground fault 
interrupter breakers with higher trigger current. • Other components should 
be secured with separate ground fault interrupter breakers. • Ground fault 
interrupter breakers in the power input wiring of an inverter are not an 
absolute protection against electric shock.

.............  2–19

CAUTION: Be sure to install a fuse in each phase of the main power supply 
to the inverter. Otherwise, there is the danger of fire.

.............  2–19

CAUTION: For motor leads, ground fault interrupter breakers and electro-
magnetic contactors, be sure to size these components properly (each must 
have the capacity for rated current and voltage). Otherwise, there is the 
danger of fire.

.............  2–19

CAUTION: Failure to remove all vent opening covers before electrical 
operation may result in damage to the inverter.

.............  2–20

Powerup Test Caution Messages

CAUTION: The heat sink fins will have a high temperature. Be careful not 
to touch them. Otherwise, there is the danger of getting burned.

.............  2–21

CAUTION: The operation of the inverter can be easily changed from low 
speed to high speed. Be sure to check the capability and limitations of the 
motor and machine before operating the inverter. Otherwise, there is the 
danger of injury.

.............  2–21

CAUTION: If you operate a motor at a frequency higher than the inverter 
standard default setting (50Hz/60Hz), be sure to check the motor and 
machine specifications with the respective manufacturer. Only operate the 
motor at elevated frequencies after getting their approval. Otherwise, there 
is the danger of equipment damage and/or injury to personnel.

.............  2–22

CAUTION: Check the following before and during the powerup test. Other-
wise, there is the danger of equipment damage. • Is the shorting bar between 
the [P] and [PD] terminals installed? DO NOT power or operate the inverter 
if the jumper is removed. • Is the direction of the motor rotation correct? • 
Did the inverter trip during acceleration or deceleration? • Were the rpm and 
frequency meter readings as expected? • Were there any abnormal motor 
vibrations or noise?

.............  2–22
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Warnings for Operations and Monitoring

WARNING: Be sure to turn ON the input power supply only after closing 
the front case. While the inverter is energized, be sure not to open the front 
case. Otherwise, there is the danger of electric shock.

...............  4–3

WARNING: Be sure not to operate electrical equipment with wet hands. 
Otherwise, there is the danger of electric shock.

...............  4–3

WARNING: While the inverter is energized, be sure not to touch the 
inverter terminals even when the motor is stopped. Otherwise, there is the 
danger of electric shock.

...............  4–3

WARNING: If the Retry Mode is selected, the motor may suddenly restart 
after a trip stop. Be sure to stop the inverter before approaching the machine 
(be sure to design the machine so that safety for personnel is secure even if 
it restarts.) Otherwise, it may cause injury to personnel.

...............  4–3

WARNING: If the power supply is cut OFF for a short period of time, the 
inverter may restart operation after the power supply recovers if the Run 
command is active. If a restart may pose danger to personnel, so be sure to 
use a lock-out circuit so that it will not restart after power recovery. Other-
wise, it may cause injury to personnel.

...............  4–3

WARNING: The Stop Key is effective only when the Stop function is 
enabled. Be sure to enable the Stop Key separately from the emergency 
stop. Otherwise, it may cause injury to personnel.

...............  4–3

WARNING: During a trip event, if the alarm reset is applied and the Run 
command is present, the inverter will automatically restart. Be sure to apply 
the alarm reset only after verifying the Run command is OFF. Otherwise, it 
may cause injury to personnel.

...............  4–3

WARNING: Be sure not to touch the inside of the energized inverter or to 
put any conductive object into it. Otherwise, there is a danger of electric 
shock and/or fire.

...............  4–3

WARNING: If power is turned ON when the Run command is already 
active, the motor will automatically start and injury may result. Before 
turning ON the power, confirm that the RUN command is not present.

...............  4–3

WARNING: When the Stop key function is disabled, pressing the Stop key 
does not stop the inverter, nor will it reset a trip alarm.

...............  4–3

WARNING: Be sure to provide a separate, hard-wired emergency stop 
switch when the application warrants it.

...............  4–3

WARNING: If the power is turned ON and the Run command is already 
active, the motor starts rotation and is dangerous! Before turning power ON, 
confirm that the external Run command is not active.

.............  4–12

WARNING: After the Reset command is given and the alarm reset occurs, 
the motor will restart suddenly if the Run command is already active. Be 
sure to set the alarm reset after verifying that the Run command is OFF to 
prevent injury to personnel.

.............  4–27

WARNING: You may need to disconnect the load from the motor before 
performing auto-tuning. The inverter runs the motor forward and backward 
for several seconds without regard to load movement limits.

.............  4–67
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viii

Cautions for Operations and Monitoring

CAUTION: The heat sink fins will have a high temperature. Be careful not 
to touch them. Otherwise, there is the danger of getting burned.

...............  4–2

CAUTION: The operation of the inverter can be easily changed from low 
speed to high speed. Be sure check the capability and limitations of the 
motor and machine before operating the inverter. Otherwise, it may cause 
injury to personnel.

...............  4–2

CAUTION: If you operate a motor at a frequency higher than the inverter 
standard default setting (50Hz/60Hz), be sure to check the motor and 
machine specifications with the respective manufacturer. Only operate the 
motor at elevated frequencies after getting their approval. Otherwise, there 
is the danger of equipment damage.

...............  4–2

CAUTION: It is possible to damage the inverter or other devices if your 
application exceeds the maximum current or voltage characteristics of a 
connection point.

...............  4–7

CAUTION: Be careful not to turn PID Clear ON and reset the integrator 
sum when the inverter is in Run Mode (output to motor is ON). Otherwise, 
this could cause the motor to decelerate rapidly, resulting in a trip.

.............  4–30

CAUTION: When the motor runs at lower speeds, the cooling effect of the 
motor’s internal fan decreases.

.............  4–55

CAUTION: If the inverter capacity is more than twice the capacity of the 
motor in use, the inverter may not achieve its full performance specifica-
tions.

.............  4–70

CAUTION: You must use a carrier frequency of more than 2.1kHz. The 
inverter cannot operate in vector control mode at less than 2.1 kHz carrier 
frequency.

.............  4–70

Warnings and Cautions for Troubleshooting and Maintenance

WARNING: Wait at least five (5) minutes after turning OFF the input power 
supply before performing maintenance or an inspection. Otherwise, there is 
the danger of electric shock.

...............  6–2

WARNING: Make sure that only qualified personnel will perform mainte-
nance, inspection, and part replacement. Before starting to work, remove 
any metallic objects from your person (wristwatch, bracelet, etc.). Be sure 
to use tools with insulated handles. Otherwise, there is a danger of electric 
shock and/or injury to personnel.

...............  6–2

WARNING: Never remove connectors by pulling on its wire leads (wires 
for cooling fan and logic P.C. board). Otherwise, there is danger of fire due 
to wire breakage and/or injury to personnel.

...............  6–2

CAUTION: Do not connect the megger to any control circuit terminals such 
as intelligent I/O, analog terminals, etc. Doing so could cause damage to the 
inverter.

.............  6–11

CAUTION: Never test the withstand voltage (HIPOT) on the inverter. The 
inverter has a surge protector between the main circuit terminals above and 
the chassis ground.

.............  6–11
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ix

General Warnings and Cautions

WARNING: Never modify the unit. Otherwise, there is a danger of electric shock and/or 
injury.

CAUTION: Withstand voltage tests and insulation resistance tests (HIPOT) are executed 
before the units are shipped, so there is no need to conduct these tests before operation.

CAUTION: Do not attach or remove wiring or connectors when power is applied. Also, do not 
check signals during operation.

CAUTION: Do not stop operation by switching OFF electromagnetic contactors on the 
primary or secondary sides of the inverter. 

When there has been a sudden power failure while a Run command is active, then the unit may 
restart operation automatically after the power failure has ended. If there is a possibility that 
such an occurrence may harm humans, then install an electromagnetic contactor on the power 
supply side, so that the circuit does not allow automatic restarting after the power supply recov-
ers. If an optional remote operator is used and the retry function has been selected, this will also 
allow automatic restarting when a Run command is active. So, please be careful.

WARNING: The screws that retain the capacitor bank assembly are part of 
the electrical circuit of the high-voltage internal DC bus. Be sure that all 
power has been disconnected from the inverter, and that you have waited at 
least 5 minutes before accessing the terminals or screws. Be sure the charge 
lamp is extinguished. Otherwise, there is the danger of electrocution to 
personnel.

.............  6–13

CAUTION: Do not operate the inverter unless you have replaced the two 
screws that connect the capacitor bank assembly to the internal DC bus. 
Otherwise, damage to the inverter may occur.

.............  6–13

CAUTION: Remove the fan assembly carefully, since it is attached to the 
unit via connecting wires.

.............  6–14

HIGH VOLTAGE: Be careful not to touch wiring or connector terminals 
when working with the inverters and taking measurements. Be sure to place 
the measurement circuitry above in an insulated housing before using them.

.............  6–16

Power 
Input

Inverter

R, S, T

Ground fault 
interrupter

U, V, W Motor

FW

MCCB GFI

L1, L2, L3
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x

CAUTION: Do not insert leading power factor capacitors or surge absorbers between the 
output terminals of the inverter and motor. 

CAUTION: Be sure to connect the grounding terminal to earth ground.

CAUTION: When inspecting the unit, be sure to wait five minutes after tuning OFF the power 
supply before opening the cover.

CAUTION: SUPPRESSION FOR NOISE INTERFERENCE FROM INVERTER
The inverter uses many semiconductor switching elements such as transistors and IGBTs. 
Thus, a radio receiver or measuring instrument located near the inverter is susceptible to noise 
interference.
To protect the instruments from erroneous operation due to noise interference, they should be 
used well away from the inverter. It is also effective to shield the whole inverter structure.
The addition of an EMI filter on the input side of the inverter also reduces the effect of noise 
from the commercial power line on external devices.
Note that the external dispersion of noise from the power line can be minimized by connecting 
an EMI filter on the primary side of inverter.

Power 
Input

Inverter

R, S, T

Ground fault 
interrupter

U, V, W Motor

GND lug

Surge absorber

Leading power 
factor capacitor

GFI

L1, L2, L3

Power 
source

R1

EMI filter

S1

T1

R2

S2

T2

R

S

T

U

V

W

Motor

Inverter

Inverter

Remote
operator

EMI filter

noise

Motor

Conduit or shielded cable—
 to be grounded

Grounded frame

Completely ground the enclosed 
panel, metal screen, etc. with as 
short a wire as possible.

L1

L2

L3

T1

T2

T3
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xi

CAUTION: MOTOR TERMINAL VOLTAGE SURGE SUPPRESSION FILTER 
(For 400 V CLASS Inverters)
In a system using an inverter with the voltage control PWM system, a voltage surge caused by 
the cable constants such as the cable length (especially when the distance between the motor 
and inverter is 10 m or more) and cabling method may occur at the motor terminals. A 
dedicated filter of the 400 V class for suppressing this voltage surge is available. Be sure to 
install a filter in this situation. (See “LCR filter” on page 5–2, part type HRL–xxxC.)

CAUTION:  EFFECTS OF POWER DISTRIBUTION SYSTEMS ON INVERTERS
In the cases below involving a general-purpose inverter, a large peak current can flow on the 
power supply side, sometimes destroying the converter module:
1. The unbalance factor of the power supply is 3% or higher.
2. The power supply capacity is at least 10 times greater than the inverter capacity (or the

power supply capacity is 500 kVA or more).
3. Abrupt power supply changes are expected, due to conditions such as:

a. Several inverters are interconnected with a short bus.
b. A thyristor converter and an inverter are interconnected with a short bus.
c. An installed phase advance capacitor opens and closes.

Where these conditions exist or when the connected equipment must be highly reliable, you 
MUST install an input-side AC reactor of 3% (at a voltage drop at rated current) with respect to 
the supply voltage on the power supply side. Also, where the effects of an indirect lightning 
strike are possible, install a lightning conductor.

CAUTION: Do not install inverters in a corner-grounded Delta distribution system. The result-
ing line imbalance will cause premature line fuse failure and failure of the inverter input bridge 
rectifier. Install in a balanced Delta or Wye distribution system only.

CAUTION: When the EEPROM error E8 occurs, be sure to confirm the setting values again.

CAUTION: When using normally closed active state settings (C011 to C019) for externally 
commanded Forward or Reverse terminals [FW] or [RV], the inverter may start automatically 
when the external system is powered OFF or disconnected from the inverter! So, do not use 
normally closed active state settings for Forward or Reverse terminals [FW] or [RV] unless 
your system design protects against unintended motor operation.

General Caution

CAUTION: In all the illustrations in this manual, covers and safety devices are occasionally 
removed to describe the details. While operating the product, make sure that the covers and 
safety devices are placed as they were specified originally and operate it according to the 
instruction manual.
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xii

UL® Cautions, Warnings, and Instructions
Wiring Warnings 
for Electrical 
Practices and 
Wire Sizes

The Cautions, Warnings, and instructions in this section summarize the procedures necessary to 
ensure an inverter installation complies with Underwriters Laboratories® guidelines.

WARNING: “Use 60/75°C Cu wire only” or equivalent.

WARNING: “Open Type Equipment.” For models SJ300–750H to SJ300–1500H.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 240 V maximum.” For models with suffix L.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 480 V maximum.” For models with suffix H.

Terminal Tighten-
ing Torque and 
Wire Size

The wire size range and tightening torque for field wiring terminals are presented in the table 
below.

TIP: AWG = American Wire Gauge. Smaller numbers represent increasing wire thickness.
kcmil = 1,000 circular mils, a measure of wire cross-sectional area
mm2 = square millimeters, a measure of wire cross-sectional area 

Input 
Voltage

Motor 
Output 200V

Inverter Model
Wire Size Range (AWG)

Torque

HP kW ft-lbs (N-m)

200V

1/2 0.4 SJ300-004LFU 20 1.1 1.5

1 0.75 SJ300-007LFU 18 1.1 1.5

2 1.5 SJ300-015LFU 14 1.1 1.5

3 2.2 SJ300-022LFU 14 1.1 1.5

5 3.7 SJ300-037LFU 10 1.1 1.5

7.5 5.5 SJ300-055LFU 8 1.8 2.5

10 7.5 SJ300-075LFU 6 1.8 2.5

15 11 SJ300-110LFU 4 3.6 4.9

20 15 SJ300-150LFU 2 3.6 4.9

25 18.5 SJ300-185LFU 4 || 4 AWG 3.6 4.9

30 22 SJ300-220LFU 4 || 4 AWG 6.5 8.8

40 30 SJ300-300LFU 2 || 2 AWG 6.5 8.8

50 37 SJ300-370LFU 2 || 2 AWG 6.5 8.8

60 45 SJ300-450LFU 1 || 1 AWG (75°C) 10.1 13.7

75 55 SJ300-550LFU 2/0 || 2/0 AWG 10.1 13.7
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Input 
Voltage

Motor 
Output 400V

Inverter Model
Wire Size Range (AWG)

Torque

HP kW ft-lbs (N-m)

400V

1 0.75 SJ300-007HFU/E 20 1.1 1.5

2 1.5 SJ300-015HFU/E 18 1.1 1.5

3 2.2 SJ300-022HFU/E 16 1.1 1.5

5 4.0 SJ300-040HFU/E 14 1.1 1.5

7.5 5.5 SJ300-055HFU/E 12 1.8 2.5

10 7.5 SJ300-075HFU/E 10 1.8 2.5

15 11 SJ300-110HFU/E 8 3.6 4.9

20 15 SJ300-150HFU/E 6 3.6 4.9

25 18.5 SJ300-185HFU/E 6 3.6 4.9

30 22 SJ300-220HFU/E 4 3.6 4.9

40 30 SJ300-300HFU/E 3 3.6 4.9

50 37 SJ300-370HFU/E 4 || 4 AWG 3.6 4.9

60 45 SJ300-450HFU/E 1 (75°C) 6.5 8.8

75 55 SJ300-550HFU/E 2 || 2 AWG 6.5 8.8

100 75 SJ300-750HFU/E 1 || 1 AWG (75°C) 6.5 8.8

125 90 SJ300-900HFU/E 1 || 1 AWG (75°C) 10.1 13.7

150 110 SJ300-110HFU/E 1/0 || 1/0 AWG 10.1 13.7

175 132 SJ300-1320HFE 3/0 || 3/0 10.1 13.7

200 150 SJ300-1500HFU 3/0 || 3/0 10.1 13.7
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xiv

Circuit Breaker 
and Fuse Sizes

The inverter’s connections to input power must include UL Listed inverse time circuit breakers 
with 600V rating, or UL Listed fuses as shown in the table below.

Wire Connectors

WARNING: Field wiring connections must 
be made by a UL Listed and CSA Certified 
ring lug terminal connector sized for the 
wire gauge being used. The connector must 
be fixed using the crimping tool specified by 
the connector manufacturer.

Motor Overload 
Protection

Hitachi SJ300 inverters provide solid state motor overload protection, which depends on the 
proper setting of the following parameters:

• B012 “electronic overload protection”

• B212 “electronic overload protection, 2nd motor”

• B312 “electronic overload protection, 3rd motor”

Set the rated current [Amperes] of the motor(s) with the above parameters. The setting range is 
0.2 * rated current to 1.2 * rated current.

WARNING: When two or more motors are connected to the inverter, they cannot be protected 
by the electronic overload protection. Install an external thermal relay on each motor.

Input 
Voltage

Motor 
Output 200V

Inverter Model

Circuit 
Breaker 

(A)

Fuse 
(A)

Input 
Voltage

Motor 
Output 400V

Inverter Model

Circuit 
Breaker 

(A)

Fuse 
(A)

HP kW HP kW

200V

1/2 0.4 SJ300-004LFU 10 10

400V

1 0.75 SJ300-007HFU/E 10 10

1 0.75 SJ300-007LFU 10 10 2 1.5 SJ300-015HFU/E 10 10

2 1.5 SJ300-015LFU 10 10 3 2.2 SJ300-022HFU/E 10 10

3 2.2 SJ300-022LFU 15 15 5 4.0 SJ300-040HFU/E 15 15

5 3.7 SJ300-037LFU 20 20 7.5 5.5 SJ300-055HFU/E 15 15

7.5 5.5 SJ300-055LFU 30 30 10 7.5 SJ300-075HFU/E 20 20

10 7.5 SJ300-075LFU 40 40 15 11 SJ300-110HFU/E 30 30

15 11 SJ300-110LFU 60 60 20 15 SJ300-150HFU/E 40 40

20 15 SJ300-150LFU 80 80 25 18.5 SJ300-185HFU/E 50 50

25 18.5 SJ300-185LFU 100 100 30 22 SJ300-220HFU/E 60 60

30 22 SJ300-220LFU 125 125 40 30 SJ300-300HFU/E 70 70

40 30 SJ300-300LFU 150 150 50 37 SJ300-370HFU/E 90 90

50 37 SJ300-370LFU 175 175 60 45 SJ300-450HFU/E 125 125

60 45 SJ300-450LFU 225 225 75 55 SJ300-550HFU/E 125 125

75 55 SJ300-550LFU 250 250 100 75 SJ300-750HFU/E — 175

125 90 SJ300-900HFU/E — 200

150 110 SJ300-110HFU/E — 250

175 132 SJ300-1320HFE — 300

200 150 SJ300-1500HFU — 300

Terminal (ring lug) Cable support

Cable
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Revisions

Revision History Table 

No. Revision Comments Date of Issue Operation 
Manual No.

Initial release of manual NB613X March 2001 NB613X

1 Add three higher-horsepower models:
   Model # convention update, page 1–5
   Specs table, pages 1–6 to 1–10
   Derating curves, pages 1–11 to 1–12
   Dimension drawings, page 2–12
   Update wire and fuse size table, pages 2–14, 2–15
   Update terminal dimensions table, pages 2–16, 2–17
   Update braking tables, pages 5–8, 5–12
Add function P044 to P049, page 3–66, pages C–15, C–16
Add programming error codes, pages 3–67, 3–68
Update keypad navigation map, pages 2–25, 3–4
Add Appendix D: CE-EMC Installation Guidelines
Moved Hitachi EMC Recommendations from page iv to D–4
Contents, Revisions, Index updates
Front cover update

August 2001 NB613XA

2 Added default terminal symbols to tables on 3–47, 3–53
Updated intelligent I/O wiring examples throughout Chapter 4 to
   use default terminals or otherwise least-used terminals
Corrected alarm relay symbols in multiple pages in Chapter 4
Contents, Revisions, Index updates
Front cover update

December 2001 NB613XB

3 Updated company name on cover, contact page, and
   nameplate photo
Corrected graphs on pages 3–29 and 3–43
Made a few minor edits throughout

May 2002 NB613XC

4 Corrected [FM] common terminal to [L] in Chapter 4 Analog
   Input section
Updated wire and fuse sizes for larger horsepower models in
   Safety section tables and Chapter 2 tables
Enhanced Chapter 5 text and diagrams for dynamic braking
Contents, Revisions, Index, Cover updates

August 2002 NB613XD

5 Enhanced sink/source input descriptions in Chapter 4
Added jumper descriptions throughout Chapter 4
Updated keypad navigation map in Chapters 2 and 3
Contents, Revisions, Index, Cover updates

March 2003 NB613XE

6 Corrected table heading on page 5–7 (external resistor topic)
Revisions, Cover updates

March 2003 NB613XF
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Contact Information

NOTE: To receive technical support for the Hitachi inverter you purchased, contact the Hitachi 
inverter dealer from whom you purchased the unit, or the sales office or factory contact listed 
above. Please be prepared to provide the following inverter nameplate information:

1. Model
2. Date of purchase
3. Manufacturing number (MFG No.)
4. Symptoms of any inverter problem

If any inverter nameplate information is illegible, please provide your Hitachi contact with any 
other legible nameplate items. To reduce unpredictable downtime, we recommend that you 
stock a spare inverter.

Hitachi America, Ltd.
Power and Industrial Division
50 Prospect Avenue
Tarrytown, NY 10591
U.S.A.
Phone: +1-914-631-0600
Fax:   +1-914-631-3672

Hitachi Australia Ltd.
Level 3, 82 Waterloo Road
North Ryde, N.S.W. 2113
Australia
Phone: +61-2-9888-4100
Fax:   +61-2-9888-4188

Hitachi Europe GmbH
Am Seestern 18
D-40547 Düsseldorf
Germany
Phone: +49-211-5283-0
Fax:   +49-211-5283-649

Hitachi Industrial Equipment Systems Co, Ltd.
International Sales Department
WBG MARIVE WEST 16F
6, Nakase 2-chome
Mihama-ku, Chiba-shi,
Chiba 261-7116  Japan
Phone: +81-43-390-3516
Fax:   +81-43-390-3810

Hitachi Asia Ltd.
16 Collyer Quay
#20-00 Hitachi Tower, Singapore 049318
Singapore
Phone: +65-538-6511
Fax:   +65-538-9011

Hitachi Industrial Equipment Systems Co, Ltd.
Narashino Division
1-1, Higashi-Narashino 7-chome
Narashino-shi, Chiba 275-8611
Japan
Phone: +81-47-474-9921
Fax:   +81-47-476-9517

Hitachi Asia (Hong Kong) Ltd.
7th Floor, North Tower
World Finance Centre, Harbour City
Canton Road, Tsimshatsui, Kowloon
Hong Kong
Phone: +852-2735-9218
Fax:   +852-2735-6793
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Introduction
Main Features Congratulations on your purchase of an SJ300 

Series Hitachi inverter! This inverter drive features 
state-of-the-art circuitry and components to provide 
high performance. The housing footprint is excep-
tionally small, given the size of the corresponding 
motor. The Hitachi SJ300 product line includes 
more than twenty inverter models to cover motor 
sizes from 1/2 horsepower to 200 horsepower, in 
either 230 VAC or 480 VAC power input versions. 
The main features are:

• 200V Class and 400V Class inverters

• UL or CE version available

• Sensorless vector control

• Regenerative braking circuit

• Different operator keypads available for RUN/
STOP control and setting parameters

• Built-in RS-422 communications interface to 
allow configuration from a PC and for field bus 
external modules

• Sixteen programmable speed levels

• Motor constants are programmable, or may be set 
via auto-tuning

• PID control adjusts motor speed automatically to 
maintain a process variable value

The design of Hitachi inverters overcomes many of 
the traditional trade-offs between speed, torque and 
efficiency. The performance characteristics are: 

• High starting torque of 150% rating or greater

• Continuous operation at 100% rated torque 
within a 1:10 speed range (6/60 Hz / 5/50 Hz) 
without motor derating

• Models from 0.4–11kW (1/2 to 15hp) have built-
in dynamic braking units

• Cooling fan has ON/OFF selection to provide 
longer life

A full line of accessories from Hitachi is avail-
able to complete your motor control application. 
These include:

• Digital remote operator keypad

• Expansion card for sensor feedback

• Braking resistors

• Radio noise filters

• CE compliance filters

• Additional factory I/O network interface cards 
(to be announced)

Model SJ300-037HFU (UL version)

Model SJ300-037HFE (CE version)

Expansion Card - Encoder Input
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Digital Operator 
Interface
Components

The SJ300 Series inverters have a detachable keypad (called a digital operator) on the front 
panel of the housing. The particular keypad that comes with the inverter depends on the 
country or continent corresponding to the particular model number. The standard digital opera-
tors occupy just part of the keypad recess in the panel. Therefore, the inverter comes with a 
snap-in panel filler plate that mounts below the keypad as shown.

These detachable keypads can be mounted in a NEMA cabinet panel door cut-out, for example. 
Threaded metal inserts on the rear of the keypads facilitate this external mounting configura-
tion. A short cable then connects the keypad unit to the connector in the inverter keypad recess. 
See Chapter 3 for information on how to install and use these keypads and cables.

The digital operator / copy unit is optional, and 
occupies the entire keypad recess when mounted. It 
has the additional capability of reading (uploading) 
the parameter settings in the inverter into its memory. 
Then you can install the copy unit on another inverter 
and write (download) the parameter settings into that 
inverter. OEMs will find this unit particularly useful, 
as one can use a single copy unit to transfer parame-
ter settings from one inverter to many.

Other digital operator interfaces may be available 
from your Hitachi distributor for particular industries 
or international markets. Contact your Hitachi 
distributor for further details.

Digital Operator OPE-SRE
standard for -LFU and -HFU models

Digital Operator OPE-S
standard for -HFE models

Optional Digital Operator / Copy Unit
SRW-0EX
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Removable 
Components

The SJ300 Series inverters are designed for long life and ease of service. Several components 
are removable as shown below, aiding installation or parts replacement. Details on how and 
when to remove these parts are in the referenced chapters.

Fan Unit
(See Chapter 6 for servicing)

Control Signal Terminal Block
(See Chapter 4 for wiring)

Cable entry/exit plate
(See Chapter 2 for instructions)

Capacitor Bank for DC Link
(See Chapter 6 for servicing)

Digital Operator and Panel Filler Plate
(See Chapter 3 for instructions)

Auxiliary fan (on some models)
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Specifications 
Label and Agency 
Approvals

The Hitachi SJ300 inverters have product specifi-
cations labels located on the front and the right 
side of the housing, as pictured to the right. Be 
sure to verify that the specifications on the labels 
match your power source, motor, and application 
safety requirements.

Model Number 
Convention

The model number for a specific inverter contains useful information about its operating 
characteristics. Refer to the model number legend below:

Product Labels

Power Input Rating:
   frequency, voltage, phase, current

Inverter model number

Motor capacity for this model

Output Rating:
   frequency, voltage, current

Manufacturing codes:
   lot number, date, etc.

SpecificationsRegulatory agency approvals

SJ300 004 H F U 2

Version number (_, 2, 3, ...)

Restricted distribution:
   E=Europe, U=USA

Input voltage:
   H = three-phase 400V class
   L = three phase only, 200V class

Applicable motor capacity in kW

004 = 0.4 kW
007 = 0.75 kW
015 = 1.5 kW
022 = 2.2 kW
037 = 3.7 kW
040 = 4.0 kW
055 = 5.5 kW

075 = 7.5 kW
110 = 11 kW
150 = 15 kW
185 = 18.5 kW
220 = 22 kW
300 = 30 kW
370 = 37 kW

Configuration type
   F = with digital operator (keypad)Series 

name

450 = 45 kW
550 = 55 kW
750 = 75 kW
900 = 90 kW
1100 = 110 kW
1320 = 132 kW
1500 = 150 kW
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SJ300 Inverter Specifications
Tables for 200V 
class inverters

Note that “General Specifications” on page 1–9 covers all SJ300 inverters, followed by 
footnotes for all specifications tables. The 200V models in the upper table below (1/2 to 15 hp) 
include internal dynamic braking units (see “Dynamic Braking” on page 5–6).

Item 200V Class Specifications

SJ300 inverters, 200V models, UL version 004LFU 007LFU 015LFU 022LFU 037LFU 055LFU 075LFU 110LFU

Applicable motor size, 4-pole  *2 HP 1/2 1 2 3 5 7.5 10 15

kW 0.4 0.75 1.5 2.2 3.7 5.5 7.5 11

Rated capacity (200/240V) kVA 1.0 / 1.2 1.7 / 2.0 2.5 / 3.1 3.6 / 4.3 5.7 / 6.8 8.3 / 9.9 11 / 13.3 15.9/
19.1

Rated input voltage 3-phase: 200 to 240V ±10%, 50/60 Hz ±5%

Rated input current (A) 3.8 5.5 8.3 12 18 26 35 51

Rated output voltage  *3 3-phase (3-wire) 200 to 240V (corresponding to input voltage)

Rated output current (A) 3.0 5.0 7.5 10.5 16.5 24 32 46

Efficiency at 100% rated output, % 85.1 89.5 92.3 93.2 94.0 94.4 94.6 94.8

Watt loss,
approximate (W)

at 70% output 64 76 102 127 179 242 312 435

at 100% output 70 88 125 160 235 325 425 600

Starting torque  *6 200% at 0.5 Hz (SLV), 150% at around 0 Hz (SLV, 0 Hz domain,
with motor one frame size down), 100% at 0 Hz (with feedback board)

Dynamic braking
approx. % torque, 
short time stop  *7

internal res. only 50% 20% 10%

with external res. 200% 160% 100% 80% 70%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 5 / 11 5 / 11

Item 200V Class Specifications, continued

SJ300 inverters, 200V models, UL version 150LFU 185LFU 220LFU 300LFU 370LFU 450LFU 550LFU

Applicable motor size  *2 HP 20 25 30 40 50 60 75

kW 15 18.5 22 30 37 45 55

Rated capacity (200/240V) kVA 22.1 / 26.6 26.3 / 31.5 32.9 / 39.4 41.9 / 50.2 50.2/60.2 63 / 75.6 76.2/91.4

Rated input voltage  3-phase: 200 to 240V ±10%, 50/60 Hz ±5%

Rated input current (A) 70 84 105  133 160 200 242

Rated output voltage  *3  3-phase (3-wire) 200 to 240V (corresponding to input voltage)

Rated output current (A) 64 76 95 121 145 182 220

Efficiency at 100% rated output, % 94.9 95.0 95.0 95.1 95.1 95.1 95.1

Watt loss,
approximate (W)

at 70% output 575 698 820 1100 1345 1625 1975

at 100% output 800 975 1150 1550 1900 2300 2800

Starting torque  *6 200% at 0.5 Hz (SLV), 150% at around 0 Hz (SLV, 0 Hz domain,
with motor one frame size down), 100% at 0 Hz (with feedback board)

Dynamic braking
approx. % torque, 
short time stop  *7

w/o braking unit 10%

with braking unit 30–200% 25–170% 25–150% 55–110% 45–90% 35–75% 30–60%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 12 / 26.4 12 / 26.4 12 / 26.4 20 / 44 30 / 66 30 / 66 50 / 110
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Tables for 400V 
class inverters

Note that “General Specifications” on page 1–9 covers all SJ300 inverters, followed by 
footnotes for all specifications tables. The 400V models in the upper table below (1 to 15 hp) 
include internal dynamic braking units (see “Dynamic Braking” on page 5–6).

Item 400V Class Specifications

SJ300 inverters, 
400V models

UL version 007HFU 015HFU 022HFU 040HFU 055HFU 075HFU 110HFU

CE version 007HFE 015HFE 022HFE 040HFE 055HFE 075HFE 110HFE

Applicable motor size  *2 HP 1 2 3 5 7.5 10 15

kW 0.75 1.5 2.2 4.0 5.5 7.5 11

Rated capacity (400 / 480V) kVA 1.7 / 2.0 2.6 / 3.1 3.6 / 4.4 5.9 / 7.1 8.3 / 9.9 11 / 13.3 15.9/19.1

Rated input voltage 3-phase (3-wire) 380 to 480V ±10%, 50/60 Hz ±5%

Rated input current (A) 2.8 4.2 5.8 9.5 13 18 25

Rated output voltage  *3 3-phase (3-wire): 380 to 480V (corresponding to input voltage)

Rated output current (A) 2.5 3.8 5.3 8.6 12 16 23

Efficiency at 100% rated output, % 89.5 92.3 93.2 94.0 94.4 94.6 94.8

Watt loss,
approximate (W)

at 70% output 76 102 127 179 242 312 435

at 100% output 88 125 160 235 325 425 600

Starting torque  *6 200% at 0.5 Hz (SLV), 150% at around 0 Hz (SLV, 0 Hz domain,
with motor one frame size down), 100% at 0 Hz (with feedback board)

Dynamic braking
approx. % torque, 
short time stop  *7

internal res. only 50% 20% 10%

with external res. 200% 140% 100% 70%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 3.5 / 7.7 55 / 121 55 / 121

Item 400V Class Specifications

SJ300 inverters, 
400V models

UL version 150HFU 185HFU 220HFU 300HFU 370HFU 450HFU 550HFU

CE version 150HFE 185HFE 220HFE 300HFE 370HFE 450HFE 550HFE

Applicable motor size  *2 HP 20 25 30 40 50 60 75

kW 15 18.5 22 30 37 45 55

Rated capacity (400 / 480V) kVA 22.1 / 26.6 26.3 / 31.5 33.2 / 39.9 40.1 / 48.2 51.9 / 62.3 62.3 / 74.8 76.2/91.4

Rated input voltage 3-phase (3-wire) 380 to 480V ±10%, 50/60 Hz ±5%

Rated input current (A) 35 42 53 64 83 99 121

Rated output voltage  *3 3-phase (3-wire): 380 to 480V (corresponding to input voltage)

Rated output current (A) 32 38 48 58 75 90 110

Efficiency at 100% rated output, % 94.9 95.0 95.0 95.1 95.1 95.1 95.1

Watt loss,
approximate (W)

at 70% output 575 698 820 1100 1345 1625 1975

at 100% output 800 975 1150 1550 1900 2300 2800

Starting torque  *6 200% at 0.5 Hz (SLV), 150% at around 0 Hz (SLV, 0 Hz domain,
with motor one frame size down), 100% at 0 Hz (with feedback board)

Dynamic braking
approx. % torque, 
short time stop  *7

w/o braking unit 10%

with braking unit 40–200% 40–200% 35–200% 110–170% 90–150% 70–120% 60–100%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 12 / 26.4 12 / 26.4 12 / 26.4 20 / 44 30 / 66 30 / 66 50 / 110
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Tables for 400V class inverters, continued...

Footnotes for the preceding tables and the table that follows:

Note 1: The protection method conforms to JEM 1030.
Note 2: The applicable motor refers to Hitachi standard 3-phase motor (4-pole). When using 

other motors, care must be taken to prevent the rated motor current (50/60 Hz) from 
exceeding the rated output current of the inverter.

Note 3: The output voltage decreases as the main supply voltage decreases (except when 
using the AVR function). In any case, the output voltage cannot exceed the input 
power supply voltage.

Note 4: To operate the motor beyond 50/60 Hz, consult the motor manufacturer for the 
maximum allowable rotation speed.

Note 5: When SLV is selected, please set the carrier frequency higher than 2.1 kHz.
Note 6: At the rated voltage when using a Hitachi standard 3-phase, 4-pole motor (when 

selecting sensorless vector control—SLV).
Note 7: The braking torque via capacitive feedback is the average deceleration torque at the 

shortest deceleration (stopping from 50/60 Hz as indicated). It is not continuous 
regenerative braking torque. The average decel torque varies with motor loss. This 
value decreases when operating beyond 50 Hz. If a large regenerative torque is 
required, the optional regenerative braking resistor should be used.

Note 8: The frequency command will equal the maximum frequency at 9.8V for input voltage 
0 to 10 VDC, or at 19.6 mA for input current 4 to 20 mA. If this characteristic is not 
satisfactory for your application, contact your Hitachi sales representative.

Note 9: The storage temperature refers to the short-term temperature during transport.
Note 10: Conforms to the test method specified in JIS C0911 (1984). For the model types 

excluded in the standard specifications, contact your Hitachi sales representative.
Note 11: NEMA 1 applies up to 22kW. An optional wire-entry conduit box is required for 

30kW to 55kW models to meet NEMA 1 rating.

Item 400V Class Specifications

SJ300 inverters, 
400V models

UL version 750HFU 900HFU 1100HFU — 1500HFU

CE version 750HFE 900HFE 1100HFE 1320HFE —

Applicable motor size  *2 HP 100 125 150 175 200

kW 75 90 110 132 150

Rated capacity (400 / 480V) kVA 103.2 / 123.8 121.9 / 146.3 150.3 / 180.4 180.1 / 216.1 180.1 / 216.1

Rated input voltage 3-phase (3-wire) 380 to 480V ±10%, 50/60 Hz ±5%

Rated input current (A) 164 194 239 286 286

Rated output voltage  *3 3-phase (3-wire): 380 to 480V (corresponding to input voltage)

Rated output current (A) 149 176 217 260 260

Efficiency at 100% rated output, % 95.2 95.2 95.2 95.2 95.2

Watt loss,
approximate (W)

at 70% output 2675 3375 3900 4670 4670

at 100% output 3800 4800 5550 6650 6650

Starting torque  *6 180% at 0.5 Hz (SLV), 130% at around 0 Hz (SLV, 0 Hz domain,
with motor one frame size down), 100% at 0 Hz (with feedback board)

Dynamic braking
approx. % torque, 
short time stop  *7

w/o braking unit 10%

with braking unit 45–70% 40–60% 30–50% 25–40% 20–35%

DC braking Variable operating frequency, time, and braking force

Weight kg / lb 60 / 132 60 / 132 80 / 176 80 / 176 80 / 176
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General
Specifications

The following table (continued on next page) applies to all SJ300 inverter models.

Item General Specifications

Protective enclosure  *1, *11 IP20 (NEMA 1)

Control method Line-to-line sine wave pulse-width modulation (PWM) control

Output frequency range  *4 0.1 to 400 Hz

Frequency accuracy Digital command: ± 0.01% of the maximum frequency
Analog command: ± 0.2%  (25°C  ± 10°C)

Frequency setting resolution Digital: ± 0.01 Hz;  Analog: (max. frequency)/4000, [O] terminal: 12-bit 0 to 10V;
[OI] terminal: 12-bit, 4-20mA; [O2] terminal: 12-bit  -10 to +10V

Volt./Freq. characteristic  *5 V/F optionally variable (30 to 400Hz base frequency), V/F control (constant torque, 
reduced torque), sensorless vector control

Speed fluctuation ± 0.5% (sensorless vector control)

Overload capacity (output current) 150% for 60 seconds, 200% for 0.5 seconds

Acceleration/deceleration time 0.01 to 3600 sec., (linear curve profiles, accel./decel. selection), two-stage accel./decel.

Input
signal

Freq.
setting

Operator keypad Up and Down keys / Value settings

Potentiometer Analog setting via potentiometer on operator keypad

External signal  *8 0 to 10 VDC (input impedance 10k Ohms), 4 to 20 mA (input impedance 100 Ohms), 
Potentiometer (1k to 2k Ohms, 2W)

Serial port RS485 interface

FW/RV 
Run

Operator panel Run key / Stop key (change FW/RV by function command)

External signal FW Run/Stop (NO contact), RV set by terminal assignment (NC/NO),
3-wire input available 

Intelligent Input
terminals (assign eight 
functions to terminals)

RV (reverse run/stop), CF1~CF4 (multi-speed select), JG (jogging), DB (external DC 
braking), SET (set 2nd motor data), 2CH (2-stage accel./decel.), FRS (free-run stop), 
EXT (external trip), USP (unattended start protection), CS (commercial power source), 
SFT (software lock), AT (analog input voltage/current select), SET3 (set 3rd motor 
data), RS (reset inverter), STA (start, 3-wire interface), STP (stop, 3-wire interface),
F/R (FW/RV 3-wire interface), PID (PID ON/OFF), PIDC (PID reset), CAS (control 
gain setting), UP (remote control Up function, motorized speed pot.), DWN (remote 
control Down function, motorized speed pot.), UDC (remote control data clearing), 
OPE (Operator control), SF1-SF7 (Multispeed bits 0-7), OLR (Overload limit change), 
TL (torque limit enable), TRQ1 (torque limit selection bit 1, LSB), TRQ2 (torque limit 
selection bit 2, MSB), PPI (Proportional / Proportional/Integral mode selection), BOK 
(Brake confirmation signal), ORT (Orientation – home search), LAC (LAC: LAD 
cancel), PCLR (Position deviation reset), STAT (pulse train position command input 
enable), NO (not selected)

Thermistor input One terminal (PTC characteristics)

Output
signal

Intelligent Output terminals
(assign six functions to five 
open collector outputs and 
one relay NO-NC contact)

RUN (run signal), FA1 (Frequency arrival type 1 – constant speed), FA2 (Frequency 
arrival type 2 – over-frequency), OL (overload advance notice signal 1), OD (Output 
deviation for PID control), AL (alarm signal), FA3 (Frequency arrival type 3 – at-
frequency), OTQ (over-torque signal), IP (Instantaneous power failure signal), UV 
(Under-voltage signal), TRQ (In torque limit), RNT (Run time over), ONT (Power-ON 
time over), THM (thermal alarm), BRK (Brake release signal), BER (Brake error 
signal), ZS (Zero speed detect), DSE (speed deviation maximum), POK (Positioning 
completion), FA4 (Frequency arrival type 4 – over-frequency 2), FA5 (Frequency 
arrival type 5 – at-frequency 2), OL2 (Overload notice advance signal 2), Terminals 11-
13 or 11-14 automatically configured as AC0-AC2 or AC0-AC3 per alarm code output 
selection)

Intelligent monitor output 
terminals

Analog voltage monitor, analog current monitor (8-bit resolution), and PWM output, on 
terminals [AM], [AMI], [FM]

Display monitor Output frequency, output current, motor torque, scaled value of output frequency, trip 
history, I/O terminal condition, input power, output voltage
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Other user-settable parameters V/F free-setting (up to 7 points), frequency upper/lower limit, frequency jump, accel/
decel curve selection, manual torque boost value and frequency adjustment, analog 
meter tuning, start frequency, carrier frequency, electronic thermal protection level, 
external frequency output zero/span reference, external frequency input bias start/end, 
analog input selection, retry after trip, restart after instantaneous power failure, various 
signal outputs, reduced voltage start, overload restriction, default value setting (US, 
Europe, Japan), deceleration and stop after power failure, AVR function, fuzzy accel/
decel, auto-tuning (on-line/off-line), high-torque multi-operation, automatic energy-
saving operation

Carrier frequency range 0.5 to 15 kHz

Protective functions Over-current, overload, braking resistor overload, over voltage, EEPROM error, under-
voltage error, CT (current transformer) error, CPU error, external trip, USP error, 
ground fault, input over voltage, instantaneous power failure, expansion card 1 error, 
expansion card 2 error, inverter thermal trip, phase failure detection, IGBT error, 
thermistor error

Environ-
ment

Temperature (*9) Operating (ambient): -10 to 50°C / Storage: -20 to 65°C

Humidity 20 to 90% humidity (non-condensing)

Vibration  *10 Models SJ300–004xxx to 220xxx:  5.9 m/s2 (0.6G), 10 to 55 Hz

Models SJ00–300xx to 1500xxx: 2.94 m/s2 (0.3G), 10 to 55 Hz

Location Altitude 1,000 m or less, indoors (no corrosive gasses or dust)

Coating color Gray

Accessories Feedback PCB SJ-FB (vector control loop speed sensor)

Digital input PCB SJ-DG (4-digit BCD / 16-bit binary)

Others EMI filters, input/output reactors, DC reactors, radio noise filters, braking resistors, 
braking units, LCR filter, communication cables, factory I/O network interface cards

Operator input devices OPE–SRE (4-digit LED with potentiometer) / OPE–S (4-digit LED w/o potentiometer), 
Optional: OPE-SR (4-digit LED with potentiometer, Japanese/English overlay),
SRW–0EX Multilingual operator with copy function (English, French, German, Italian, 
Spanish, and Portuguese)

Item General Specifications
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Derating Curves The maximum available inverter current output is limited by the carrier frequency and ambient 
temperature. The carrier frequency is the inverter’s internal power switching frequency, 
settable from 0.5 kHz to 12 kHz. Choosing a higher carrier frequency tends to decrease audible 
noise, but it also increases the internal heating of the inverter, thus decreasing (derating) the 
maximum current output capability. Ambient temperature is the temperature just outside the 
inverter housing—such as inside the control cabinet where the inverter is mounted. A higher 
ambient temperature decreases (derates) the inverter’s maximum current output capacity.

Use the following derating curves to help determine the optimal carrier frequency setting for 
your inverter, and to find the output current derating. Be sure to use the proper curve for your 
particular SJ300 inverter model number.

SJ300 1.5 to 22 kW at 50 deg. C ambient
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SJ300 30 to 55 kW at 50 deg. C ambient
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Derating curves, continued...
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SJ300 30 to 55 kW at 50 deg. C ambient, continued

SJ300 75 to 150 kW at 50 deg. C ambient
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Introduction to Variable-Frequency Drives
The Purpose of 
Motor Speed 
Control for 
Industry

Hitachi inverters provide accurate speed control for 3-phase AC induction motors. You connect 
AC power to the inverter, and connect the inverter to the motor. Many applications can benefit 
from the use of variable-speed drives in several ways:

• Energy savings - HVAC

• Need to coordinate speed with an adjacent process - textiles and printing presses

• Need to control acceleration and deceleration (torque)

• Sensitive loads - elevators, food processing, pharmaceuticals

What is an 
Inverter?

The term inverter and variable-frequency drive are related and somewhat interchangeable. An 
electronic drive for an AC motor controls the motor’s speed by varying the frequency of the 
power sent to the motor.

An inverter, in general, is a device that converts DC power to AC power. The figure below 
shows how the variable-frequency drive employs an internal inverter. The drive first converts 
incoming AC power to DC through a rectifier bridge, creating an internal DC bus voltage. Then 
the inverter circuit converts the DC back to AC again to power the motor. The special inverter 
can vary its output frequency and voltage according to the desired motor speed.

The simplified drawing of the inverter shows three double-throw switches. In Hitachi inverters, 
the switches are actually IGBTs (isolated gate bipolar transistors). Using a commutation 
algorithm, the microprocessor in the drive switches the IGBTs ON and OFF at a very high 
speed to create the desired output waveforms. The inductance of the motor windings helps 
smooth out the pulses.

Torque and 
Constant Volts/
Hertz Operation

In the past, AC variable speed drives used an 
open loop (scalar) technique to control speed. 
The constant-volts-per-hertz operation 
maintains a constant ratio between the applied 
voltage and the applied frequency. With these 
conditions, AC induction motors inherently 
delivered constant torque across the operating 
speed range. For some applications, this scalar 
technique was adequate.

Today, with the advent of sophisticated micro-
processors and digital signal processors 
(DSPs), it is possible to control the speed and 
torque of AC induction motors with unprece-
dented accuracy. The SJ300 utilizes these devices to perform complex mathematical calcula-
tions required to achieve superior performance. The technique is referred to as sensorless 
vector control. It allows the drive to continuously monitor its output voltage and current, and 
their relationship to each other. From this it mathematically calculates two vector currents. One 

Power 
Input

Inverter
L1/R

Motor

L2/S

L3/T

Rectifier

Variable-frequency Drive

Internal DC Bus

+

+

–

U/T1

V/T2

W/T3

Converter

Output frequency

Output 
voltage

100%

V

0
100%

f

Constant torque
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vector is related to motor flux current, and the other to motor torque current. The ability to 
separately control these two vectors is what allows the SJ300 to deliver extraordinary low-
speed performance and speed control accuracy.

Inverter Input and 
Three-Phase 
Power

The Hitachi SJ300 Series of inverters includes two sub-groups: the 200V class and the 400V 
class inverters. The drives described in this manual may be used in either the United States or 
Europe, although the exact voltage level for commercial power may be slightly different from 
country to country. Accordingly, a 200V class inverter requires (nominal) 200 to 240VAC, and 
a 400V class inverter requires from 380 to 480VAC. All SJ300 inverters require three-phase 
input power, whether 200V or 400V class.

TIP: If your application only has single phase power available, refer to the Hitachi SJ100 
Series inverters. SJ100 inverters of 3HP or less can accept single phase input power.

The common terminology for single phase power is Line (L) and Neutral (N). Three-phase 
power connections are usually labeled Line 1 (L1), Line 2 (L2) and Line 3 (L3). In any case, 
the power source should include a ground connection. That ground connection will need to 
connect to the inverter chassis and to the motor frame (see “Wire the Inverter Output to Motor” 
on page 2–20).

Inverter Output to 
the Motor

The AC motor must be connected only to the inverter’s 
output terminals. The output terminals are uniquely 
labeled (to differentiate them from the input terminals) 
with the designations U/T1, V/T2, and W/T3. This 
corresponds to typical motor lead connection designa-
tions T1, T2, and T3. It is often not necessary to connect 
a particular inverter output to a particular motor lead for 
a new application. The consequence of swapping any 
two of the three connections is the reversal of the motor 
direction. In applications where reversed rotation could 
cause equipment damage or personnel injury, be sure to 
verify direction of rotation before attempting full-speed 
operation. For safety to personnel, you must connect the 
motor chassis ground to the ground connection at the 
bottom of the inverter housing.

Notice the three connections to the motor do not include one marked “Neutral” or “Return.” 
The motor represents a balanced “Y” impedance to the inverter, so there is no need for a 
separate return. In other words, each of the three “Hot” connections serves also as a return for 
the other connections, because of their phase relationship.

The Hitachi inverter is a rugged and reliable device. The intention is for the inverter to assume 
the role of controlling power to the motor during all normal operations. Therefore, this manual 
instructs you not to switch OFF power to the inverter while the motor is running (unless it is an 
emergency stop). Also, do not install or use disconnect switches in the wiring from the inverter 
to the motor (except thermal disconnect). Of course, safety-related devices such as fuses must 
be in the design to break power during a malfunction, as required by NEC and local codes.

3-Phase 
AC Motor

U/T1 V/T2

W/T3

Earth
GND
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Intelligent 
Functions and 
Parameters

Much of this manual is devoted to describing 
how to use inverter functions and how to config-
ure inverter parameters. The inverter is micro-
processor-controlled, and has many independent 
functions. The microprocessor has an on-board 
EEPROM for parameter storage. The inverter’s 
front panel keypad provides access to all 
functions and parameters, which you can access 
through other devices as well. The general name 
for all these devices is the digital operator, or 
digital operator panel. Chapter 2 will show you 
how to get a motor running, using a minimal set 
of function commands or configuring parame-
ters.

The optional read/write programmer will let you 
read and write inverter EEPROM contents from 
the programmer. This feature is particularly 
useful for OEMs who need to duplicate a partic-
ular inverter’s settings in many other inverters in 
assembly-line fashion.

Braking In general, braking is a force that attempts to slow or stop motor rotation. So it is associated 
with motor deceleration, but may also occur even when the load attempts to drive the motor 
faster than the desired speed (overhauling). If you need the motor and load to decelerate 
quicker than their natural deceleration during coasting, we recommend installing a braking 
resistor. The dynamic braking unit (built into certain SJ300 models) sends excess motor energy 
into a resistor to slow the motor and load (see “Introduction” on page 5–2 and “Dynamic 
Braking” on page 5–6 for more information). For loads that continuously overhaul the motor 
for extended periods of time, the SJ300 may not be suitable (contact your Hitachi distributor).

The inverter parameters include acceleration and deceleration, which you can set to match the 
needs of the application. For a particular inverter, motor, and load, there will be a range of 
practically achievable accelerations and decelerations.

Velocity Profiles The SJ300 inverter is capable of sophisti-
cated speed control. A graphical representa-
tion of that capability will help you 
understand and configure the associated 
parameters. This manual makes use of the 
velocity profile graph used in industry 
(shown at right). In the example, the acceler-
ation is a ramp to a set speed, and the decel-
eration is a decline to a stop.

Fixed speed

Accel Decel

t

Speed

Velocity Profile
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Acceleration and deceleration settings 
specify the time required to go from a stop to 
maximum frequency (or visa versa). The 
resulting slope (speed change divided by 
time) is the acceleration or deceleration. An 
increase in output frequency uses the accel-
eration slope, while a decrease uses the 
deceleration slope. The accel or decel time a 
particular speed change depends on the 
starting and ending frequencies. However, 
the slope is constant, corresponding to the 
full-scale accel or decel time setting.

For example, the full-scale acceleration 
setting (time) may be 10 seconds—the time 
required to go from 0 to 60 Hz.

The SJ300 inverter can store up to 16 preset 
speeds. And, it can apply separate accelera-
tion and deceleration transitions from any 
preset to any other preset speed. A multi-
speed profile (shown at right) uses two or 
more preset speeds, which you can select via 
intelligent input terminals. This external 
control can apply any preset speed at any 
time. Alternatively, the selected speed is 
infinitely variable across the speed range. 
You can use the potentiometer control on the 
keypad for manual control. The drive 
accepts analog 0-10V signals and 4-20 mA 
control signals as well.

The inverter can drive the motor in either 
direction. Separate FW and RV commands 
select the direction of rotation. The motion 
profile example shows a forward motion 
followed by a reverse motion of shorter 
duration. The speed presets and analog 
signals control the magnitude of the speed, 
while the FW and RV commands determine 
the direction before the motion starts.

NOTE: The SJ300 can move loads in both directions. However, it is not designed for use in 
servo-type applications that use a bipolar velocity signal that determines direction.

Speed Maximum speed

0

Acceleration t

Acceleration (time) setting

Speed

Speed 1

Speed 2

t

Multi-speed Profile

Speed Forward move

Reverse move

t

Bi-directional Profile
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Frequently Asked Questions
Q. What is the main advantage in using an inverter to drive a motor, compared to alternative 

solutions?

A. An inverter can vary the motor speed with very little energy loss, unlike mechanical 
or hydraulic speed control solutions. The resulting energy savings can often pay for 
the inverter in a relatively short time.

Q. The term “inverter” is a little confusing, since we also use “drive” and “amplifier” to 
describe the electronic unit that controls a motor. What does “inverter” mean?

A. The terms are used somewhat interchangeably in industry. Nowadays, the terms 
drive, variable-frequency drive, variable-speed drive, and inverter are generally used 
to describe electronic, microprocessor-based motor speed controllers. In the past, 
variable speed drive also referred to various mechanical means to vary speed. Ampli-
fier is a term almost exclusively used to describe drives for servo or stepper motors.

Q. Although the SJ300 inverter is a variable speed drive, can I use it in a fixed-speed appli-
cation?

A. Yes, sometimes an inverter can be used simply as a “soft-start” device, providing 
controlled acceleration and deceleration to a fixed speed. Other functions of the 
SJ300 may be useful in such applications, as well. However, using a variable speed 
drive can benefit many types of industrial and commercial motor applications, by 
providing controlled acceleration and deceleration, high torque at low speeds, and 
energy savings over alternative solutions.

Q. Can I use an inverter and AC induction motor in a positioning application?

A. That depends on the required precision, and the slowest speed the motor must turn 
and still deliver torque. The SJ300 inverter will deliver 200% rated torque while 
turning the motor at only 0.5 Hz. DO NOT use an inverter if you need the motor to 
stop and hold the load position without the aid of a mechanical brake (use a servo or 
stepper motion control system).

Q. Does the optional digital operator interface or the PC software (DOP Professional) 
provide features beyond what is available from the keypad on the unit?

A. Yes. However, note first that the same set of parameters and functions are equally 
accessible from either the unit’s keypad or from remote devices. The DOP Profes-
sional PC software lets you save or load inverter configurations to or from a disk file. 
And, the hand-held digital operator provides hard-wired terminals, a safety require-
ment for some installations.

Q. Why does the manual or other documentation use terminology such as “200V class” 
instead of naming the actual voltage, such as “230 VAC?”

A. A specific inverter model is set at the factory to work across a voltage range particu-
lar to the destination country for that model. The model specifications are on the label 
on the side of the inverter. A European 200V class inverter (“EU” marking) has 
different parameter settings than a USA 200V class inverter (“US” marking). The 
initialization procedure (see “Restoring Factory Default Settings” on page 6–9) can 
set up the inverter for European or US commercial voltage ranges.

Q. Why doesn’t the motor have a neutral connection as a return to the inverter?

A. The motor theoretically represents a “balanced Y” load if all three stator windings 
have the same impedance. The Y connection allows each of the three wires to alter-
nately serve as input or return on alternate half-cycles.

Q. Does the motor need a chassis ground connection?

A. Yes, for several reasons. Most importantly, this provides protection in the event of a 
short in the motor that puts a hazardous voltage on its housing. Secondly, motors 
exhibit leakage currents that increase with aging. Lastly, a grounded chassis generally 
emits less electrical noise than an ungrounded one.
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Q. What type of motor is compatible with the Hitachi inverters?

A. Motor type – It must be a three phase AC induction motor. Use an inverter-grade 
motor that has 800V insulation for 200V class inverters, or 1600V insulation for 
400V class.
Motor size – In practice, it’s better to find the right size motor for your application; 
then look for the inverter to match the motor.

NOTE: There may be other factors that will affect motor selection, including heat dissipation, 
motor operating speed profile, enclosure type, and cooling method.

Q. How many poles should the motor have?

A. Hitachi inverters can be configured to operate motors with 2, 4, 6, or 8 poles. The 
greater the number of poles, the slower the top motor speed will be, but it will have 
higher torque at the base speed.

Q. Will I be able to add dynamic (resistive) braking to my Hitachi SJ300 drive after the 
initial installation?

A. Yes. Models SJ300-004XXX through SJ300-110XXX have built-in dynamic braking 
units. You can add an external resistor to these models to improve braking perfor-
mance. Models SJ300-150XXX through SJ300-1500XXX require you to add an 
external braking unit. The braking resistor connects to the external braking unit for 
those models. More information on dynamic braking is located in Chapter 5.

Q. How will I know if my application will require resistive braking?

A. For new applications, it may be difficult to tell before you actually test a motor/drive 
solution. In general, some applications can rely on system losses such as friction to 
serve as the decelerating force, or otherwise can tolerate a long decel time. These 
applications will not need dynamic braking. However, applications with a combina-
tion of a high-inertia load and a required short decel time will need dynamic braking. 
This is a physics question that may be answered either empirically or through exten-
sive calculations.

Q. Several options related to electrical noise suppression are available for the Hitachi invert-
ers. How can I know if my application will require any of these options?

A. The purpose of these noise filters is to reduce the inverter electrical noise so the 
operation of nearby electrical devices is not affected. Some applications are governed 
by particular regulatory agencies, and noise suppression is mandatory. In those cases, 
the inverter must have the corresponding noise filter installed. Other applications 
may not need noise suppression, unless you notice electrical interference with the 
operation of other devices.

Q. The SJ300 features a PID loop feature. PID loops are usually associated with chemical 
processes, heating, or process industries in general. How could the PID loop feature be 
useful in my application?

A. You will need to determine the particular main variable in your application the motor 
affects. That is the process variable (PV) for the motor. Over time, a faster motor 
speed will cause a faster change in the PV than a slow motor speed will. By using the 
PID loop feature, the inverter commands the motor to run at the optimal speed 
required to maintain the PV at the desired value for current conditions. Using the PID 
loop feature will require an additional sensor and other wiring, and is considered an 
advanced application.
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Orientation to Inverter Features
Unpacking and 
Inspection

Please take a few moments to unpack your new SJ300 inverter and perform these steps:

1. Look for any damage that may have occurred during shipping.

2. Verify the contents of the box include:

a. One SJ300 inverter

b. One Instruction Manual (supplied by printed book for –FU/–FR models, supplied on 
CR-ROM for –FE models)

c. One SJ300 Quick Reference Guide

d. One packet of desiccant—discard (not for human consumption)

3. Inspect the specifications label on the front or side of the inverter. Make sure it matches the 
product part number you ordered.

Main Physical 
Features

The SJ300 Series inverters vary in size according to the current output rating and motor size for 
each model number. All feature the same basic keypad and connector interface for consistent 
ease of use. The inverter construction has a heat sink at the back of the housing. The fans 
enhance heat sink performance. Mounting holes are pre-drilled in the heat sink for your conve-
nience. Never touch the heat sink during or just after operation; it can be very hot.

The electronics housing and front panel are built onto the front of the heat sink. The front panel 
has three levels of physical access designed for convenience and safety:

• First-level access – for basic use of inverter and editing parameters during powered opera-
tion (power is ON)

• Second-level access – for wiring the inverter power supply or motor (power is OFF)

• Third-level access – for accessing the expansion bay for adding/removing expansion boards 
(power is OFF)

1. First-level Access - View the unit just as it 
came from the box as shown. The
OPE-SRE or OPE-S digital operator 
keypad comes installed in the inverter. The 
four-digit display can show a variety of 
performance parameters. LEDs indicate 
whether the display units are Hertz, Volts, 
Amperes, or kW. Other LEDs indicate 
Power (external), and Run/Stop Mode and 
Program/Monitor Mode status. Membrane 
keys Run and Stop/Reset, and a Min/Max 
frequency control knob (OPE-SRE only) 
control motor operation. These controls 
and indicators are usually the only ones 
needed after the inverter installation is 
complete.

The FUNC., , , and STR keys 
allow an operator to change the inverter’s 
functions and parameter values, or to select 
the one monitored on the 4-digit display. 
Note that some parameters may not be 
edited if the inverter is in Run mode.

1 2
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2. Second-level access - First, ensure no 
power source of any kind is connected to 
the inverter. If power has been 
connected, wait five minutes after 
powerdown and verify the Charge Lamp 
indicator is OFF to proceed. Then locate 
the recessed retention screw at the 
bottom of the main front panel. Use a 
small Phillips screwdriver to remove the 
screw. Press the two latch release areas 
near the “SJ300” label as shown, and 
simultaneously slide the lower front 
downward to release for removal.

Notice the large power terminals  at the bottom of the wiring area. The rubber grommets 
below the power terminals are for wire entry/exit to the power source and motor. Never 
operate the inverter with the front panel removed.

The control terminals connect logic or analog signals for control and monitoring of the 
inverter. The nearby alarm relay provides both normally-open and normally-closed logic for 
interface to an external alarm. The alarm circuit may carry hazardous live voltages even 
when the main power to the inverter is OFF. So, never directly touch any terminal or circuit 
component.

WARNING: Be sure to wait five minutes after powerdown and verify the charge lamp indica-
tor is OFF to proceed. Otherwise there is the risk of electric shock.

Press here and slide cover downward 

Retention screw

Wire entry/exit plate

Logic Connector

Power terminals

Charge lamp indicator
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3. Third-level access - The SJ300  
provides for field installation of 
interface circuits. These circuits are 
on expansion cards, to be installed in 
the expansion bay. To access the 
expansion bay, you will need to 
remove the upper front panel. Use 
the latch to release the digital 
operator (the panel filler plate may 
remain). Remove the two retention 
screws the bottom corners of the 
upper front panel. Lift up at the 
bottom, then disengage the two 
hinge latches at the top.

The expansion bay has two sites for 
adding expansion cards. Each card 
connects via the interface connector, 
and mounts using three standoff 
screw locations. Further details on 
accessories are in Chapter 5. You 
may also refer to the instruction 
manual that comes with each type of 
expansion card.

The following sections will describe the system design and guide you through a step-by-step 
installation process. After the section on wiring, this chapter will show how to use the front 
panel keys to access functions and edit parameters.

Latch to release digital operator

Retention screws

Expansion bay Expansion connectors
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Basic System Description
A motor control system will obviously include a motor and inverter, as well as a breaker or 
fuses for safety. If you are connecting a motor to the inverter on a test bench just to get started, 
that’s all you may need for now. But a system can also have a variety of additional components. 
Some can be for noise suppression, while others may enhance the inverter’s braking perfor-
mance. The figure and table below show a system with all the optional components you may 
need in your finished application.

NOTE: Some components are required for regulatory agency compliance (see Chapter 5 and 
Appendix D).

Thermal switch

Breaker, 
MCCB or 

GFI

Name Function

Breaker / discon-
nect

A molded-case circuit breaker (MCCB), ground 
fault interrupter breaker (GFI), or a fused 
disconnect device. NOTE: The installer must 
refer to the NEC and local codes to ensure safety 
and compliance.

Input side
AC Reactor

This is useful in suppressing harmonics induced 
on the power supply lines, or when the main 
power voltage imbalance exceeds 3% (and 
power source capacity is more than 500 kVA), or 
to smooth out line fluctuations. It also improves 
the power factor.

Radio noise filter Electrical noise interference may occur on 
nearby equipment such as a radio receiver. This 
magnetic choke filter helps reduce radiated noise 
(can also be used on output).

EMI filter (for CE 
applications, see 
Appendix D)

This filter reduces the conducted noise in the 
power supply wiring between the inverter and 
the power distribution system. Connect it to the 
inverter primary (input side).

Radio noise filter 
(use in non-CE 
applications)

This capacitive filter reduces radiated noise from 
the main power wires in the inverter input side.

DC link choke The choke suppresses harmonics generated by 
the inverter. However, it will not protect the 
input diode bridge rectifier.

Braking resistor Braking components are useful for increasing 
the inverter’s control torque for high duty-cycle 
(ON-OFF) applications, and improving the 
decelerating capability.

Braking unit

Radio noise filter Electrical noise interference may occur on 
nearby equipment such as a radio receiver. This 
magnetic choke filter helps reduce radiated noise 
(can also be used at input).

Output side
AC reactor

This reactor reduces the vibrations in the motor 
caused by the inverter’s switching waveform, by 
smoothing the waveform to approximate 
commercial power quality. It is also useful to 
reduce harmonics when wiring from the inverter 
to the motor is more than 10m in length. 

LCR filter Sine wave shaping filter for output side.

Power source

Inverter

Motor

L1 L2 L3

T1 T2 T3

R S T

GND

U V W

RBR0

T0

PD(+1)

P(+)

N(–)
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Step-by-Step Basic Installation
This section will guide you through the following basic steps of installation:

1. Study the warnings associated with mounting the inverter.

2. Select a suitable mounting location.

NOTE: If the installation is in an EU country, study the EMC installation guidelines in 
Appendix D.

3. Cover the inverter’s top ventilation openings to prevent debris from falling inside.

4. Check the inverter mounting dimensions for footprint and mounting hole locations.

5. Study the caution and warning messages associated with wiring the inverter.

6. Connect wiring for the inverter power input.

7. Connect wiring to the motor.

8. Uncover the inverter’s ventilation openings that were covered in Step 3.

9. Perform a powerup test.

10.  Make observations and check your installation.

Step 1: Study the following caution messages associated with mounting the inverter. This is the 
time when mistakes are most likely to occur that will result in expensive rework,  equipment 
damage,  or personal injury.

CAUTION: Be sure to install the unit on flame-resistant material such as a steel plate. Other-
wise, there is the danger of fire.

CAUTION: Be sure not to place any flammable materials near the inverter. Otherwise, there is 
the danger of fire.

CAUTION:  Be sure not to let the foreign matter enter vent openings in the inverter housing, 
such as wire clippings, spatter from welding, metal shavings, dust, etc. Otherwise, there is the 
danger of fire.

CAUTION:  Be sure to install the inverter in a place that can bear the weight according to the 
specifications in the text (Chapter 1, Specifications Tables). Otherwise, it may fall and cause 
injury to personnel.

CAUTION:  Be sure to install the unit on a perpendicular wall that is not subject to vibration. 
Otherwise, it may fall and cause injury to personnel.

CAUTION: Be sure not to install or operate an inverter that is damaged or has missing parts. 
Otherwise, it may cause injury to personnel.

CAUTION: Be sure to install the inverter in a well-ventilated room that does not have direct 
exposure to sunlight, a tendency for high temperature, high humidity or dew condensation, high 
levels of  dust, corrosive gas, explosive gas, inflammable gas, grinding-fluid mist, salt air, etc. 
Otherwise, there is the danger of fire.

1

Choosing a 
Mounting 
Location
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Step 2: To summarize the caution messages—you will need to find a solid, non-flammable, 
vertical surface that is in a relatively clean and dry environment. In order to ensure enough 
room for air circulation around the inverter to aid in cooling, maintain the specified clearance 
around the inverter specified in the diagram.

CAUTION: Be sure to maintain the specified clearance area around the inverter and to provide 
adequate ventilation. Otherwise, the inverter may overheat and cause equipment damage or fire.

Step 3: Before proceeding to the wiring section, it’s a 
good time to temporarily cover the inverter’s ventila-
tion openings. Paper and masking tape are all that is 
needed. This will prevent harmful debris such as wire 
clippings and metal shavings from entering the 
inverter during installation.

Please observe this checklist while mounting the 
inverter:

1. The ambient temperature must be in the range of
-10 to 40°C. If the range will be up to 50°C 
(maximum rating), you will need to refer to 
“Derating Curves” on page 1–11.

2. Keep any other heat-producing equipment as far 
away from the inverter as possible.

3. When installing the inverter in an enclosure, 
maintain the clearance around the inverter and 
verify that its ambient temperature is within speci-
fication when the enclosure door is closed.

4. Do not open the main front panel door at any time 
during operation.

2

Ensure Adequate 
Ventilation

SJ300

5 cm (1.97”)
 minimum

10 cm (3.94”) 
minimum

5 cm (1.97”)
 minimum

10 cm (3.94”) 
minimum Exhaust

Air intake

Clear area

3

Keep Debris Out 
of Inverter Vents

Cover the ventilation slots,
both sides

Cover the fan outlet vents
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Step 4: Locate the applicable drawing on the following pages for your inverter.
Dimensions are given in millimeters (inches) format. Larger models come equipped with 
NEMA1 adapter for wire entry for U.S. models only as shown (LFU and HFU).

NOTE: Be sure to use lock washers or other means to ensure screws do not loosen
due to vibration.

4

Check Inverter 
Dimensions
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2 − φ 6(0.24)

3 − φ 20(0.79)

Model

SJ300 -004LFU

-007LFU/HFE, HFU

-015LFU/HFE, HFU

-022LFU/HFE, HFU

-037LFU/HFE, HFU

-055LFU/HFE, HFU

Air intake

Exhaust
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SJ300 -075LFU/HFE, HFU

-110LFU/HFE, HFU

Air intake

Exhaust
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Dimensional drawings, continued...
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Dimensional drawings, continued... 
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Dimensional drawings, continued... 

Model

SJ300 -750HFE, HFU
-900HFE, HFU
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Dimensional drawings, continued...

Model

SJ300 -1100HFE, HFU

-1320HFE

-1500HFU
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480(18.90)
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Air intake

Exhaust
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Step 5: The wiring enters the inverter through 
the entry/exit plate as shown to the right. The 
rubber grommets have a solid, thin membrane, 
so that unused ones continue to seal the opening. 
To create an opening, use a sharp knife and 
carefully cut an “X” in the center of the 
grommet as shown. Be especially careful to 
avoid cutting into the thick outer ring, so that the 
wiring will have a cushion from contacting the 
metal plate.

NOTE: Some inverter models will have a 
wiring box for NEMA rating compliance. Make 
sure the wire entry to the NEMA box also has 
protective cushion from chaffing of insulation.

 Before proceeding, please study the caution and warning messages below.

WARNING:  “Use 60/75°C Cu wire only” or equivalent.

WARNING: “Open Type Equipment.” For models SJ300–750H to SJ300–1500H.

WARNING: “A Class 2 circuit wired with Class 1 wire” or equivalent.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 240 V maximum.” For models with suffix L.

WARNING: “Suitable for use on a circuit capable of delivering not more than 10,000 rms 
symmetrical amperes, 480 V maximum.” For models with suffix H.

HIGH VOLTAGE: Be sure to ground the unit. Otherwise, there is a danger of electric shock 
and/or fire.

HIGH VOLTAGE: Wiring work shall be carried out only by qualified personnel. Otherwise, 
there is a danger of electric shock and/or fire.

HIGH VOLTAGE: Implement wiring after checking that the power supply is OFF. Otherwise, 
you may incur electric shock and/or fire.

HIGH VOLTAGE: Do not connect wiring to an inverter or operate an inverter that is not 
mounted according the instructions given in this manual. Otherwise, there is a danger of elec-
tric shock and/or injury to personnel.

5

Prepare for 
Wiring

Cut grommet(s) for 
use as shown
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Determining Wire 
and Fuse Sizes

This section includes tables for 200V class and 400V class inverters (on the next page). The 
following notes will help you read the tables in this section:

• Locate the row corresponding to the motor size and particular inverter in your application. 
The maximum motor current determines the recommended wire sizes.

• The length column specifies that some inverters can optionally use a smaller wire gauge if 
the wires are shorter than 10m and the inverter is located in an enclosure.

• Power Lines columns include wires connecting to terminals [R, S, T, U, V, W, P, PD, and N]. 
Only power input and motor leads will be fused: [R, S, T, U, V, and W]. The breaker ratings 
(GFI—ground fault interrupter) are slightly higher than fuse ratings to allow for nominal 
surges without tripping.

• The chassis ground columns list the Hitachi-recommended AWG and the minimal AWG for 
UL conformity.

• The optional external braking resistor wiring only applies to a few models that have a built-
in braking unit. The other models use an optional external braking unit.

• Parallel wires increase effective wire gauge, and are denoted by “||” in the tables.

• Signal Lines, not listed in these tables, connect to the removable logic connector. The recom-
mended wire gauge for all wiring to the logic connector is 28 AWG (0.75 mm2). Be sure to 
use shielded wire for any analog signals.

* See notes for wiring tables on the following page.

Motor 
Output

200V
Inverter 
Models

Wiring *1

Power Lines *3 Chassis Ground Brake Res.

HP kW AWG mm2

Fuse
(UL-
rated, 
class J,
600V)

Breaker 
(GFI 

type) *2

AWG, 
rec.

AWG, 
UL mm2 AWG mm2

1/2 0.4 SJ300–004LFU 20 1.25 10A 5A 16 14 1.25 20 1.25

1 0.75 SJ300–007LFU 18 1.25 10A 10A 16 14 1.25 18 1.25

2 1.5 SJ300–015LFU 14 2 10A 15A 16 14 1.25 14 2

3 2.2 SJ300–022LFU 14 2 15A 20A 16 14 1.25 14 2

5 3.7 SJ300–037LFU 10 3.5 20A 30A 10 12 3.5 10 3.5

7.5 5.5 SJ300–055LFU 8 5.5 30A 50A 8 10 5.5 8 5.5

10 7.5 SJ300–075LFU 6 8 40A 60A 8 10 8 8 5.5

15 11 SJ300–110LFU 4 14 60A 75A 4 10 14 8 5.5

20 15 SJ300–150LFU 2 22 80A 100A 3 8 22 — —

25 18.5 SJ300–185LFU 4 || 4 14 || 14 100A 100A 3 8 22 — —

30 22 SJ300–220LFU 4 || 4 14 || 14 125A 150A 2 8 30 — —

40 30 SJ300–300LFU 2 || 2 22 || 22 150A 200A 2 6 30 — —

50 37 SJ300–370LFU 2 || 2 30 || 30 175A 225A 1/0 6 38 — —

60 45 SJ300–450LFU 1 || 1 
(75°C)

38 || 38 225A 225A 3/0 6 38 — —

75 55 SJ300–550LFU 2/0 || 2/0 60 || 60 250A 350A 3/0 4 60 — —
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Determining wire and fuse sizes, continued...

Note 1: Field wiring must be made by a UL-listed and CSA certified ring lug terminal 
connector sized for the wire gauge involved. The connector must be fixed by using 
the crimping tool specified by the connector manufacturer.

Note 2: Be sure to consider the capacity of the circuit breaker to be used.
Note 3: Be sure to use a larger wire gauge if power line length exceeds 66 ft (20m).

Motor 
Output

400V
Inverter 
Models

Wiring *1

Power Lines *3 Chassis Ground Brake Res.

HP kW AWG mm2

Fuse
(UL-
rated, 
class J,
600V)

Breaker
( GFI 

type) *2

AWG, 
rec.

AWG, 
UL mm2 AWG mm2

1 0.75 SJ300–007HFU/E 20 1.25 10A 5A 16 14 1.25 20 1.25

2 1.5 SJ300–015HFU/E 18 2 10A 10A 16 14 1.25 18 2

3 2.2 SJ300–022HFU/E 16 2 10A 10A 16 14 1.25 16 2

5 4.0 SJ300–040HFU/E 14 2 15A 15A 16 14 1.25 14 2

7.5 5.5 SJ300–055HFU/E 12 2 15A 30A 14 14 2 12 2

10 7.5 SJ300–075HFU/E 10 3.5 20A 30A 10 12 3.5 10 3.5

15 11 SJ300–110HFU/E 8 5.5 30A 50A 8 10 5.5 8 5.5

20 15 SJ300–150HFU/E 6 8 40A 60A 8 10 8 — —

25 18.5 SJ300–185HFU/E 6 14 50A 60A 4 10 14 — —

30 22 SJ300–220HFU/E 4 14 60A 75A 4 10 14 — —

40 30 SJ300–300HFU/E 3 22 70A 100A 3 10 22 — —

50 37 SJ300–370HFU/E 4 || 4 14 || 14 90A 100A 3 8 22 — —

60 45 SJ300–450HFU/E 1 (75°C) 38 125A 150A 1 8 22 — —

75 55 SJ300–550HFU/E 2 || 2 22 || 22 125A 175A 1 6 30 — —

100 75 SJ300–750HFU/E 1 || 1 
(75°C)

30 || 30 175A 225A 1/0 6 50 — —

125 90 SJ300–900HFU/E 1 || 1 
(75°C)

38 || 38 200A 225A 3/0 6 80 — —

150 110 SJ300–1100HFU/E 1/0 || 1/0 50 || 50 250A 350A 3/0 4 80 — —

175 132 SJ300–1320HFE 3/0 || 3/0 80 || 80 300A 350A 4/0 4 100 — —

200 150 SJ300–1500HFU 3/0 || 3/0 80 || 80 300A 350A 4/0 4 100 — —
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Terminal
Dimensions and 
Torque Specs

The following tables list the screw size of terminal and recommended torque for tightening for 
each of the SJ300 inverter models (400V models are on the next page).

CAUTION: Fasten the screws with the specified fastening torque in the table below. Check for 
any loosening of screws. Otherwise, there is the danger of fire.

Note 1: The recommended ring lug connector listing consists of wire size – screw size 
format. The wire sizes are in AWG or mm2 format. For AWG wire sizes, bolt sizes 
for the ring lug centers are: #10, #12, 1/4”,  5/16”, and 1/2”. For metric wire sizes, 
bolt sizes for the ring lug centers are: 6 = 6M, 8 = 8M, 10 = 10M.

TIP: AWG = American Wire Gauge. Smaller numbers represent increasing wire thickness.
kcmil = 1,000 circular mils, a measure of wire cross-sectional area
mm2 = square millimeters, a measure of wire cross-sectional area

Input 
Voltage

Motor 
Output 200V

Inverter Models
Screw size 
of terminal

Ring lug connector *1 Torque

HP kW (AWG-bolt) (mm2–bolt) ft-lbs (N-m)

200V

1/2 0.4 SJ300-004LFU M4 20–#10 1.25–4 1.1 1.5

1 0.75 SJ300-007LFU M4 20–#10 1.25–4 1.1 1.5

2 1.5 SJ300-015LFU M4 14–#10 2–4 1.1 1.5

3 2.2 SJ300-022LFU M4 14–#10 2–4 1.1 1.5

5 3.7 SJ300-037LFU M4 10–#10 3.5–4 1.1 1.5

7.5 5.5 SJ300-055LFU M5 8–#12 5.5–5 1.8 2.5

10 7.5 SJ300-075LFU M5 8–#12 8–5 1.8 2.5

15 11 SJ300-110LFU M6 4–1/4 14–6 3.6 4.9

20 15 SJ300-150LFU M6 2–1/4 22–6 3.6 4.9

25 18.5 SJ300-185LFU M6 4–1/4 14–6 3.6 4.9

30 22 SJ300-220LFU M8 4–5/16 14–8 6.5 8.8

40 30 SJ300-300LFU M8 2–5/16 22–8 6.5 8.8

50 37 SJ300-370LFU M8 1–5/16 30–8 6.5 8.8

60 45 SJ300-450LFU M10 1/0–1/2 38–10 10.1 13.7

75 55 SJ300-550LFU M10 2/0–1/2 60–10 10.1 13.7
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Terminal dimensions and torque specs, continued...

Note 1: The recommended ring lug connector listing consists of wire size – screw size 
format. The wire sizes are in AWG or mm2 format. For AWG wire sizes, bolt sizes 
for the ring lug centers are: #10, #12, 1/4”,  5/16”, and 1/2”. For metric wire sizes, 
bolt sizes for the ring lug centers are: 6 = 6M, 8 = 8M, 10 = 10M.

Input 
Voltage

Motor 
Output 400V

Inverter Models
Screw size 
of terminal

Ring lug connector *1 Torque

HP kW (AWG-bolt) (mm2–bolt) ft-lbs (N-m)

400V

1 0.75 SJ300-007HFU/E M4 20–#10 1.25–4 1.1 1.5

2 1.5 SJ300-015HFU/E M4 14–#10 2–4 1.1 1.5

3 2.2 SJ300-022HFU/E M4 14–#10 2–4 1.1 1.5

5 4.0 SJ300-040HFU/E M4 14–#10 2–4 1.1 1.5

7.5 5.5 SJ300-055HFU/E M5 14–#12 2–5 1.8 2.5

10 7.5 SJ300-075HFU/E M5 10–#12 3.5–5 1.8 2.5

15 11 SJ300-110HFU/E M6 8–1/4 5.5–6 3.6 4.9

20 15 SJ300-150HFU/E M6 6–1/4 8–6 3.6 4.9

25 18.5 SJ300-185HFU/E M6 4–1/4 14–6 3.6 4.9

30 22 SJ300-220HFU/E M6 4–1/4 14–6 3.6 4.9

40 30 SJ300-300HFU/E M6 2–1/4 22–6 3.6 4.9

50 37 SJ300-370HFU/E M6 4–1/4 14–6 3.6 4.9

60 45 SJ300-450HFU/E M8 1/0–5/16 38–8 6.5 8.8

75 55 SJ300-550HFU/E M8 2–5/16 22–8 6.5 8.8

100 75 SJ300-750HFU/E M8 1–1/2 30–10 6.5 8.8

125 90 SJ300-900HFU/E M10 1/0–1/2 38–10 10.1 13.7

150 110 SJ300-110HFU/E M10 1/0–1/2 50–10 10.1 13.7

175 132 SJ300-1320HFE M10 2/0–1/2 80–10 10.1 13.7

200 150 SJ300-1500HFU M10 2/0–1/2 80–10 10.1 13.7
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Step 6: In this step, you will connect wiring to 
the input of the inverter. All models have the 
same power connector terminals [R(L1)], 
[S(L2)], and [T(L3)] for three-phase input. The 
three phases may be connected in any order, as 
they are isolated from chassis ground and do 
not determine motor direction of rotation. 
Please refer to the specifications label (on 
the front or side of the inverter) for the 
acceptable input voltage ranges!

NOTE: The wiring example to the right shows 
an SJ300-037LFU inverter. The terminal 
locations will vary, depending on the inverter 
model (see below). Note the use of ring lug 
connectors for a secure connection.

Please use the terminal arrangement below 
corresponding to your inverter model.

6

Wire the Inverter 
Input to a Supply

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

RB
(RB)

P
(+)

N
(–) (G) (G)

R0
(R0)

T0
(T0)

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

RB
(RB)

P
(+)

N
(–) (G) (G)

R0
(R0)

T0
(T0)

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

P
(+)

N
(–) (G)(G)

R0
(R0)

T0
(T0)

R
(L1)

V
(T2)

U
(T1)

W
(T3)

S
(L2)

T
(L3)

PD
(+1)

P
(+)

N
(–)

(G)(G)

R0
(R0)

T0
(T0)

–004LFU, –007 to –055LFU/ HFE, HFU

–150LFU, 185LFU, –300LFU, –370LFU,
–150 to –550HFE, HFU

–220LFU, –450LFU, –550LFU,
–750 to –1100HFE, HFU
–1320HFE, –1500HFU

–075LFU/HFE, HFU
–110LFU/HFE, HFU

Jumper 
bar

Jumper 
bar

Jumper 
bar

Jumper 
bar
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NOTE: An inverter powered by a portable or emergency diesel power generator may result in a 
distorted power waveform, overheating the generator. In general, the generator capacity should 
be at least five times that of the inverter (kVA).

CAUTION: Be sure that the input voltage matches the inverter specifications:
•  Three phase 200 to 240V 50/60Hz
•  Three phase 380 to 480V 50/60Hz

CAUTION: Be sure not to power a three-phase-only inverter with single phase power. Other-
wise, there is the possibility of damage to the inverter and the danger of fire.

CAUTION: Be sure not to connect an AC power supply to the output terminals. Otherwise, 
there is the possibility of damage to the inverter and the danger of injury and/or fire.

CAUTION: Remarks for using ground fault interrupter breakers in the main power supply: 
Adjustable frequency inverters with CE-filters (RFI-filter) and shielded (screened) motor 
cables have a higher leakage current toward Earth GND. Especially at the moment of switching 
ON this can cause an inadvertent trip of ground fault interrupter breakers. Because of the recti-
fier on the input side of the inverter there is the possibility to stall the switch-off function 
through small amounts of DC current. Please observe the following:
• Use only short time-invariant and pulse current-sensitive ground fault interrupter 

breakers with higher trigger current.
• Other components should be secured with separate ground fault interrupter breakers.
• Ground fault interrupter breakers in the power input wiring of an inverter are not an 
absolute protection against electric shock.

CAUTION: Be sure to install a fuse in each phase of the main power supply to the inverter. 
Otherwise, there is the danger of fire.

CAUTION:  For motor leads, ground fault interrupter breakers and electromagnetic contac-
tors, be sure to size these components properly (each must have the capacity for rated current 
and voltage). Otherwise, there is the danger of fire.

Power Output

R S T

T1 T2 T3

U V W

L1 L3

NOTE:

L1, L2, L3:

Three-phase 200 to 240V 50/60 Hz
Three-phase 380 to 480V 50/60 Hz

L2

Power Input
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Step 7: The process of motor selection is beyond the scope of this manual. However, it must be 
a three-phase AC induction motor. It should also come with a chassis ground lug. If the motor 
does not have three power input leads, stop the installation and verify the motor type. Other 
guidelines for wiring the motor include:

• Use an inverter-grade motor for maximum motor life (1600V insulation).

• For standard motors, use an output filter if the wiring between the inverter and motor 
exceeds 10 meters in length.

Simply connect the motor to the terminals 
[U/T1], [V/T2], and [W/T3] indicated on 
the inverter to the right. This is a good time 
to connect the chassis ground lug on the 
drive as well. The motor chassis ground 
must also connect to the same point. Use a 
star ground (single-point) arrangement, and 
never daisy-chain the grounds (point-to-
point).

Use the same wire gauge on the motor and 
chassis ground wiring as you used on the 
power input wiring in the previous step. 
After completing the wiring:

• Check the mechanical integrity of each 
wire crimp and terminal connection.

• Replace the front panel and secure the 
retention screw firmly.

Logic Control 
Wiring

After completing the initial installation and powerup test in this chapter, you may need to wire 
the logic signal connector for your application. For new inverter users/applications, we highly 
recommend that you first complete the powerup test in this chapter without adding any logic 
control wiring. Then you will be ready to set the required parameters for logic control as 
covered in Chapter 4, Operations and Monitoring.

Step 8: After mounting and wiring the inverter, 
remove any protective material covering the 
inverter ventilation openings from Step 3. This 
includes covers over the side ventilation ports 
as well as the fan outlet area.

CAUTION: Failure to remove all vent opening 
covers before electrical operation may result in 
damage to the inverter.

7

Wire the Inverter 
Output to Motor

To Power 
Source

To MotorTo Chassis 
Ground

8

Uncover the 
Inverter Vents

Uncover the ventilation slots,
both sides

Uncover the fan outlet vents
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Powerup Test
Step 9: After wiring the inverter and motor, you’re ready to do a powerup test. The procedure 
that follows is designed for the first-time use of the drive. Please verify the following conditions 
before conducting the powerup test:

• You have followed all the steps in this chapter up to this step.

• The inverter is new, and is securely mounted to a non-flammable vertical surface

• The inverter is connected to a power source and motor.

• No additional wiring of inverter connectors or terminals has been done.

• The power supply is reliable, and the motor is a known working unit, and the motor 
nameplate ratings match the inverter ratings.

• The motor is securely mounted, and is not connected to any load.

Goals for the 
Powerup Test

If there are any exceptions to the above conditions at this step, please take a moment to take any 
measures necessary to reach this basic starting point. The specific goals of this powerup test 
are:

1. Verify that the wiring to the power supply and motor is correct.

2. Demonstrate that the inverter and motor are generally compatible.

3. Give a brief introduction to the use of the built-in operator keypad.

The powerup test gives you an important starting point to ensure a safe and successful applica-
tion of the Hitachi inverter. We highly recommend performing this test before proceeding to the 
other chapters in this manual.

Pre-test and 
Operational 
Precautions

The following instructions apply to the powerup test, or to any time the inverter is powered and 
operating. Please study the following instructions and messages before proceeding with the 
powerup test.

1. The power supply must have fusing suitable for the load. Check the fuse size chart 
presented in Step 5, if necessary.

2. Be sure you have access to a disconnect switch for the drive input power if necessary. 
However, do not turn OFF power to the inverter during its operation unless it is an 
emergency.

3. Turn the inverter’s front panel potentiometer (if it exists) to the MIN position (fully counter-
clockwise).

CAUTION: The heat sink fins will have a high temperature. Be careful not to touch them. 
Otherwise, there is the danger of getting burned.

CAUTION: The operation of the inverter can be easily changed from low speed to high speed. 
Be sure to check the capability and limitations of the motor and machine before operating the 
inverter. Otherwise, there is the danger of injury.

9

Perform the 
Powerup Test
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CAUTION: If you operate a motor at a frequency higher than the inverter standard default 
setting (50Hz/60Hz), be sure to check the motor and machine specifications with the respective 
manufacturer. Only operate the motor at elevated frequencies after getting their approval. 
Otherwise, there is the danger of equipment damage and/or injury to personnel.

CAUTION: Check the following before and during the powerup test. Otherwise, there is the 
danger of equipment damage.
• Is the shorting bar between the [P] and [PD] terminals installed? DO NOT power or 

operate the inverter if the jumper is removed.
• Is the direction of the motor rotation correct?
• Did the inverter trip during acceleration or deceleration?
• Were the rpm and frequency meter readings as expected?
• Were there any abnormal motor vibrations or noise?

Powering the 
Inverter

If you have followed all the steps, cautions and warnings up to this point, you’re ready to apply 
power. After doing so, the following events should occur:

• The POWER LED will illuminate.

• The numeric (7-segment) LEDs will display a test pattern, then stop at 0.0.

• The Hz LED will be ON.

If the motor starts running unexpectedly or any other problem occurs, press the STOP key. Only 
if necessary should you remove power to the inverter as a remedy.

NOTE: If the inverter has been previously powered and programmed, the LEDs (other than the 
POWER LED) may illuminate differently than as indicated above. If necessary, you can initial-
ize all parameters to the factory default settings. See “Restoring Factory Default Settings” on 
page 6–9.
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Using the Front Panel Keypad
Front Panel
Introduction

Please take a moment to familiarize yourself with the keypad layout shown in the figure below.

The display is used in programming the inverter’s parameters, as well as monitoring specific 
parameter values during operation. Many functions are applicable only during the initial instal-
lation, while others are more useful for maintenance or monitoring.

Parameter Editing 
and Controls

The front panel controls and indicators are described as follows:

• Run/Stop LED – ON when the inverter output is ON and the motor is developing torque, 
and OFF when the inverter output is OFF (Stop Mode).

• Program/Monitor LED – This LED is ON when the inverter is ready for parameter editing 
(Program Mode). It is normally OFF when the parameter display is monitoring data 
(Monitor Mode). However, the PRG LED will be ON whenever you are monitoring the 
value of parameter D001. (When the keypad is enabled as the frequency source via 
A001=02, you can edit the inverter frequency directly from D001 monitor display by using 
the Up/Down keys.)

• Run Key Enable LED – is ON when the inverter is ready to respond to the Run key, OFF 
when the Run key is disabled.

• Run Key – Press this key to run the motor (the Run Enable LED must be ON first). Parame-
ter F004, Keypad Run Key Routing, determines whether the Run key generates a Run FWD 
or Run REV command.

• Stop/Reset Key – Press this key to stop the motor when it is running (uses the programmed 
deceleration rate). This key will also reset an alarm that has tripped.

• Potentiometer (OPE–SRE only) – allows an operator to directly set the motor speed when 
the potentiometer is enabled for output frequency control.

• Potentiometer Enable LED – ON when the potentiometer is enabled for value entry.
(OPE–SRE only).

• Parameter Display – a 4-digit, 7-segment display for parameters and function codes.

• Display Units: Hertz/Volts/Amperes/kW/% – These LEDs indicate the units associated 
with the parameter display. When the display is monitoring a parameter, the appropriate 
LED is ON. In the case of kW units, both Volts and Amperes LEDs will be ON. An easy 
way to remember this is that kW = (V x A)/1000.

• Power LED – This LED is ON when the power input to the inverter is ON.

• Alarm LED – This LED is ON when an alarm condition has tripped the inverter. Clearing 
the alarm will turn this LED OFF again. See Chapter 6 for details on clearing alarms.

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW

Run/Stop LED

Program/Monitor LED

Run Key Enable LED

Run Key

Power LED

Alarm LED

Display Units LEDs

Hertz
Volts or Amperes
(kW = both ON)
Percent

Parameter Display

Potentiometer Enable LED

Potentiometer

Stop/Reset Key

5 0.0
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• Function Key – This key is used to navigate 
through the lists of parameters and functions 
for setting and monitoring parameter values.

• Up/Down ( ,  ) Keys – Use these 
keys alternately to move up or down the lists 
of parameter and functions shown in the 
display, and increment/decrement values.

• Store (  ) Key – When the unit is in 
Program Mode and the operator has edited a 
parameter value, press the Store key to write 
the new value to the EEPROM. This param-
eter is then displayed at powerup by default. 
If you want to change the powerup default, 
navigate to a new parameter value and press 
the Store key.

Keys, Modes, and 
Parameters

Purpose of the keypad is to provide a way to change modes and parameters. The term function 
applies to both monitoring modes and parameters. These are all accessible through function 
codes that are primarily 3 or 4-character codes. The various functions are separated into related 
groups identifiable by the left-most character, as the table shows.

For example, function “A004” is the base frequency setting for the motor, typically 50 Hz or 
60 Hz. To edit the parameter, the inverter must be in Program Mode (PGM LED will be ON). 
You use the front panel keys to first select the function code “A004.” After displaying the value 
for “A004,” use the Up/Down (  or ) keys to edit the value.

NOTE: The inverter 7-segment display shows lower case “b” and “d”, meaning the same as the 
upper case letters “B” and “D” used in this manual (for uniformity “A to F”).

 The inverter automatically switches into Monitor 
Mode when you access “D” Group functions. It 
switches into Program Mode when you access 
any other group, because they all have editable 
parameters. Error codes use the “E” Group, and 
appear automatically when a fault event occurs. 
Refer to “Monitoring Trip Events, History, & 
Conditions” on page 6–5 for error code details.

Function
key

Up/Down
keys

Store
key

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW5 0.0
1 2

STR

Function 
Group Type (Category) of Function Mode to Access

PGM LED 
Indicator

“D” Monitoring functions Monitor  or 

“F” Main profile parameters Program

“A” Standard functions Program

“B” Fine tuning functions Program

“C” Intelligent terminal functions Program

“H” Motor constant functions Program

“P” Expansion card functions Program

“U” User-selectable menu functions Monitor

“E” Error codes — —

1 2

“D” Group

“A” Group
“B” Group
“C” Group
“H” Group
“P” Group
“U” Group
“F” Group

MONITOR PROGRAM
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Keypad
Navigational Map

The SJ300 Series inverter drives have many programmable functions and parameters. Chapter 3 
will cover these in detail, but you need to access just a few items to perform the powerup test. 
The menu structure makes use of function codes and parameter codes to allow programming 
and monitoring with only a 4-digit display and a few keys and LEDs. So, it is important to 
become familiar with the basic navigational map of parameters and functions in the diagram 
below. You can later use this map as a reference.

1 2

21

Write
data to 

EEPROM, 
store as 
powerup 
default

Increment/
decrement 

value

21

21

21

21

21

21

2

1

1

Select ParameterSelect FunctionDisplay Data

2

Return to 
parameter 

list

21

21

21

21

21

21

Edit Parameter

FUNC.

FUNC.

FUNC.
21

21

21

21

21

21

d o 9 0

U – – –

P – – –

H – – –

C – – –

b – – –

A – – –

U o 1 2

U o 0 1

P o 4 9

P o 0 1

h o 7 2

h o 0 1

c 1 2 3

c o 0 1

b 1 2 6

b o 0 1

a 1 3 2

a o 0 1

1 2 3.4

0.00

d o 0 1

F o 0 4

F o 0 1

FUNC.

FUNC.

FUNC.

21

P o 4 9

d 0 0 1

FUNC.

STR

FUNC.

D002–D090

Edit

0.00
D001

Edit

PRG LED

PRG LED

Increment/
decrement 

value

1 2

FUNC.

Write data 
to F001, 

store D001 
as power-
up default

STR

FUNC.

STR

Store as 
powerup 
default

Monitor Mode Program Mode
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Selecting 
Functions and 
Editing Parame-
ters

In order to run the motor for the powerup test, this section will show how to:

• select the inverter’s maximum output frequency to the motor

• select the keypad potentiometer as the source of motor speed command

• select the keypad as the source of the RUN command

• set the number of poles for the motor

• enable the RUN command

The following series of programming tables are designed for successive use. Each table uses 
the previous table’s final state as the starting point. Therefore, start with the first and continue 
programming until the last one. If you get lost or concerned that some of the other parameters 
settings may be incorrect, refer to “Restoring Factory Default Settings” on page 6–9.

CAUTION: If you operate a motor at a frequency higher than the inverter standard default 
setting (50Hz/60Hz), be sure to check the motor and machine specifications with the respective 
manufacturer. Only operate the motor at elevated frequencies after getting their approval. 
Otherwise, there is the danger of equipment damage.

Setting the Motor Base Frequency -The motor is designed to operate at a specific AC 
frequency. Most commercial motors are designed for 50/60 Hz operation. First, check the 
motor specifications. Then follow the steps in the table below to verify the setting or  correct for 
your motor. DO NOT set it for greater than 50/60 Hz unless the motor manufacturer specifi-
cally approves operation at the higher frequency. 

TIP: If you need to scroll through a function or parameter list, press and hold the  or  
key to auto-increment through the list.

Action Display Func./Parameter

Press the  key.
Monitor functions

Press the  or  keys until ->
“A” Group selected

Press the  key.
First “A” parameter

Press the  key twice.
Base frequency setting

 Press the  key.

or

Default value for base frequency 
US = 60 Hz, Europe = 50 Hz

Press the  or  key as needed.
Set to your motor specs (your 
display may be different)

Press the   key.
Stores parameter, returns to “A” 
Group list

FUNC d 0 0 1

1 2 A – – –
FUNC A 0 0 1

1 A 0 0 3
FUNC 6 0

5 0

1 2 6 0
STR A 0 0 3

1 2
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Select the Potentiometer for Speed Command - The motor speed may be controlled from the 
following sources:

• Potentiometer on front panel keypad (if present)

• Control terminals

• Remote panel

Then follow the steps in the table below to select the potentiometer for the speed command (the 
table resumes action from the end of the previous table).

Select the Keypad for the RUN Command - The RUN command causes the inverter to accel-
erate the motor to the selected speed. You can program the inverter to respond to either the 
control terminal signal or the keypad RUN key. Follow the steps in the table below to select the 
front panel RUN key as the source for the RUN Command (the table resumes action from the 
end of the previous table).

NOTE: When you press the STR key in the last step above (and the display = 02), the Run 
Enable LED above the RUN switch on the keypad will turn ON. This is normal, and does not 
mean the motor is trying to run. It means that the RUN key is now enabled.
DO NOT press the RUN key at this time—finish out the programming exercise first.

Action Display Func./Parameter

Press the  key twice.
Speed command source setting

Press the  key.
0 = potentiometer
1 = control terminals (default)
2 = keypad

Press the  key.
0 = potentiometer (selected)

Press the   key.
Stores parameter, returns to “A” 
Group list

Action Display Func./Parameter

Press the  key.
Run command source

Press the  key.
1 = control terminals (default)
2 = keypad

Press the  key.
2 = keypad (selected)

Press the   key.
Stores parameter, returns to “A” 
Group list

2 A 0 0 1
FUNC 0 1

2 0 0
STR A 0 0 1

1 A 0 0 2
FUNC 0 1

1 0 2
STR A 0 0 2

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 490 of 2133



Using the Front Panel Keypad

In
ve

rt
er

 M
ou

nt
in

g
an

d 
In

st
al

la
tio

n
2–28

Configure the Inverter for the Number of Motor Poles- The number of magnetic poles of a 
motor is determined by the motor’s internal winding arrangement. The specifications label on 
the motor usually indicates its number of poles. For proper operation, verify the parameter 
setting matches the motor poles. Many industrial motors have four poles, corresponding to the 
default setting in the inverter.

Follow the steps in the table below to verify the motor poles setting and change it if necessary 
(the table resumes action from the end of the previous table.)

This step concludes the parameter setups for the inverter. You are almost ready to run the motor 
for the first time!

TIP: If you became lost during any of these steps, first observe the state of the PRG LED. Then 
study the “Keypad Navigational Map” on page 2–25 to determine the current state of the 
keypad controls and display. As long as you do not press the STR key, no parameters will be 
changed by keypad entry errors. Note that power cycling the inverter will not cause it to reset to 
a particular programming state.

The next section will show you how to monitor a particular parameter from the display. Then 
you will be ready to run the motor.

Action Display Func./Parameter

Press the  key.
“A” Group selected

Press the  key three times.
“H” Group selected

Press the  key.
First “H” parameter

Press the  key five times.
Motor poles parameter

Press the  key.
2 = 2 poles
4 = 4 poles (default)
6 = 6 poles
8 = 8 poles

Press the  or  key as needed.
Set to match your motor (your 
display may be different)

Press the   key.
Stores parameter, returns to “H” 
Group list

FUNC A – – –

1 h – – –
FUNC h 0 0 1

1 h 0 0 4
FUNC 4

1 2 4
STR h 0 0 4

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 491 of 2133



SJ300 Inverter

Inverter M
ounting

and Installation
2–29

Monitoring 
Parameters with 
the Display

After using the keypad for parameter 
editing, it’s a good idea to switch the 
inverter from Program Mode to Monitor 
Mode. This will turn out the PRG LED, and 
the Hertz, Volt, Ampere, or % LED 
indicates the display units.

For the powerup test, monitor the motor speed indirectly by viewing the inverter’s output 
frequency. The output frequency must not be confused with base frequency (50/60 Hz) of the 
motor, or the carrier frequency (switching frequency of the inverter, in the kHz range). The 
monitoring functions are in the “D” list, located near the top left of the diagram in the “Keypad 
Navigational Map” on page 2–25.

Output frequency (speed) monitor - Resuming the keypad programming from the previous 
table, follow the steps in the table below.

When the d 01 function code appeared, the PRG LED went OFF. This confirms the inverter is 
no longer in programming mode, even while you are selecting the particular monitoring param-
eter. After pressing the  key, the display shows the current speed (is zero at this point).

Running the 
Motor

If you have programmed all the parameters up to this point, you’re ready to run the motor! 
First, review this checklist:

1. Verify the Power LED is ON. If not, check the power connections.

2. Verify the Run Key Enable LED is ON. If not, review the programming steps to find the 
problem.

3. Verify the PRG LED is OFF. If it is ON, review the instructions above.

4. Make sure the motor is disconnected from any mechanical load.

5. Turn the potentiometer to the MIN position (completely counterclockwise).

6. Now, press the RUN key on the keypad. The RUN LED will turn ON.

7. Slowly increase the potentiometer setting in clockwise fashion. The motor should start 
turning when the indicator is in the 9:00 position and beyond.

8. Press the STOP key to stop the motor rotation.

Action Display Func./Parameter

Press the  key.
“H” Group selected

Press the  key.
Output frequency selected

Press the  key.
Output frequency displayed

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW5 0.0

FUNC h – – –

1 d 0 0 1
FUNC 0.00

FUNC
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Step 10: Reading this section will help you make some useful observations when first running 
the motor.

Error Codes - If the inverter displays an error code (LED format is “Exx”), see “Monitoring 
Trip Events, History, & Conditions” on page 6–5 to interpret and clear the error.

Acceleration and Deceleration - The SJ300 inverter has programmable acceleration and 
deceleration values. The test procedure left these at the default value, 10 seconds. You can 
observe this by setting the potentiometer at about half speed before running the motor. Then 
press RUN, and the motor will take 5 seconds to reach a steady speed. Press the STOP key to 
see a 5 second deceleration to a stop.

State of Inverter at Stop - If you adjust the motor’s speed to zero, the motor will slow to a near 
stop, and the inverter turns the outputs OFF. The high-performance SJ300 can rotate at a very 
slow speed with high torque output, but not zero (must use servo systems with position 
feedback for that feature). This characteristic means you must use a mechanical brake for some 
applications.

Interpreting the Display - First, refer to the output frequency display readout. The maximum 
frequency setting (parameter A004) defaults to 50 Hz or 60 Hz (Europe and United States, 
respectively) for your application.

Example: Suppose a 4-pole motor is rated for 60 Hz operation, so the inverter is configured to 
output 60 Hz at full scale. Use the following formula to calculate the RPM.

The theoretical speed for the motor is 1800 RPM (synchronous speed). However, an induction 
motor cannot generate torque unless its shaft turns at a slightly different speed. This difference 
is called slip. So it’s common to see a rated speed of approximately 1750 RPM on a 60 Hz, 4-
pole motor. Using a tachometer to measure shaft speed, you can see the difference between the 
inverter output frequency and the actual motor speed. The slip increases slightly as the motor’s 
load increases. This is why the inverter output value is called “frequency,” since it is not exactly 
equal to motor speed. You can program the inverter to display output frequency in units more 
directly related to the load speed by entering a constant (discussed more in depth on
page 3–41).

Run/Stop Versus Monitor/Program Modes – 
The Run LED on the inverter is ON in Run Mode, 
and OFF in Stop Mode. The Program LED is ON 
when the inverter is in Program Mode, and OFF for 
Monitor Mode. All four mode combinations are 
possible. The diagram to the right depicts the 
modes and the mode transitions via keypad.

NOTE: Some factory automation devices such as PLCs have alternate Run/Program modes; 
the device is in either one mode or the other. In the Hitachi inverter, however, Run Mode alter-
nates with Stop Mode, and Program Mode alternates with Monitor Mode. This arrangement 
lets you program some values while the inverter is operating—providing flexibility for mainte-
nance personnel.

10

Powerup Test 
Observations and 
Summary

 RPM Frequency 60×
Pairs of poles

---------------------------------------- Frequency 120×
# of poles

------------------------------------------- 60 120×
4

--------------------- 1800RPM= = = =

RUN

STOP
RESET

FUNC.

Run Stop

Monitor Program
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Choosing a Programming Device
Introduction Hitachi variable frequency drives (inverters) use the latest electronics technology for getting the 

right AC waveform to the motor at the right time. The benefits are many, including energy 
savings and higher machine output or productivity. The flexibility required to handle a broad 
range of applications has required ever more configurable options and parameters—inverters 
are now a complex industrial automation component. And this can make a product seem diffi-
cult to use, but the goal of this chapter is to make this easier for you.

As the powerup test in Chapter 2 demonstrated, you do not have to program very many param-
eters to run the motor. In fact, most applications would benefit only from programming just a 
few, specific parameters. This chapter will explain the purpose of each set of parameters, and 
help you choose the ones that are important to your application.

If you are developing a new application for the inverter and a motor, finding the right parame-
ters to change is mostly an exercise in optimization. Therefore, it is okay to begin running the 
motor with a loosely tuned system. By making specific, individual changes and observing their 
effects, you can achieve a finely tuned system. And, the SJ300 Series inverters have a built-in 
auto-tuning algorithm to set certain motor parameters.

Inverter
Programming
Keypads

The front panel keypad is the first and best way to get to know the inverter’s capabilities. Every 
function or programmable parameter is accessible from the keypad. All keypads have the same 
basic layout, but with different features. The OPE–SRE has a potentiometer knob for frequency 
setting input. The SRW–0EX Read/write Copy Unit has the ability to upload (copy) or 
download (write) all inverter parameter data to/from memory in the copy unit itself. This unit is 
useful in transferring one inverter’s settings to another.

The following table shows various programming options, the features unique to each device, 
and the cables required.

TIP: Other special-purpose keypads are available, such as ones to serve the needs of the HVAC 
market (heating, ventilating & air conditioning). Please contact your Hitachi distributor for 
details.

Device
Part 

Number
 Parameter 

Access

Parameter 
setting 
storage

Cables (for optional 
external mounting)

Part 
number Length

Inverter keypad,
U.S. version

OPE–SRE Monitor and 
program

EEPROM in 
inverter

ICS–1 1 meter

ICS–3 3 meters

Inverter keypad,
European version

OPE–S Monitor and 
program

EEPROM in 
inverter

Use same two cables as 
above

Read/write Copy 
Unit with Keypad

SRW–0EX Monitor and 
program; read or 
write all data

EEPROM in 
inverter or in 
copy unit

Use same two cables as 
above
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Using Keypad Devices
Inverter Front 
Panel Keypad

The SJ300 Series inverter front keypad contains all the elements for both monitoring and 
programming parameters. The keypad layout (OPE–SRE) is shown below. All other program-
ming devices for the inverter have a similar key arrangement and function.

Key and
Indicator Legend

• Run/Stop LED – ON when the inverter output is ON and the motor is developing torque, 
and OFF when the inverter output is OFF (Stop Mode).

• Program/Monitor LED – This LED is ON when the inverter is ready for parameter editing 
(Program Mode). It is normally OFF when the parameter display is monitoring data 
(Monitor Mode). However, the PRG LED will be ON whenever you are monitoring the 
value of parameter D001. (When the keypad is enabled as the frequency source via 
A001=02, you can edit the inverter frequency directly from D001 monitor display by using 
the Up/Down keys.)

• Run Key – Press this key to run the motor (the Run Enable LED must be ON first). Parame-
ter F004, Keypad Run Key Routing, determines whether the Run key generates a Run FWD 
or Run REV command.

• Run Key Enable LED – is ON when the inverter is ready to respond to the Run key, OFF 
when the Run key is disabled.

• Stop/Reset Key – Press this key to stop the motor when it is running (uses the programmed 
deceleration rate). This key will also reset an alarm that has tripped.

• Potentiometer (OPE–SRE only) – allows an operator to directly set the motor speed when 
the potentiometer is enabled for output frequency control

• Potentiometer Enable LED – ON when the potentiometer is enabled for value entry
(OPE–SRE only).

• Parameter Display – a 4-digit, 7-segment display for parameters and function codes.

• Display Units: Hertz/Volts/Amperes/kW/% - These LEDs indicate the units associated 
with the parameter display. When the display is monitoring a parameter, the appropriate 
LED is ON. In the case of kW units, both Volts and Amperes LEDs will be ON. An easy 
way to remember this is that kW = (V x A)/1000.

• Power LED – This LED is ON when the power input to the inverter is ON.

• Alarm LED – This LED is ON when an alarm condition has tripped the inverter. Clearing 
the alarm will turn this LED OFF again. See Chapter 6 for details on clearing alarms.

• Function Key – This key is used to navigate through the lists of parameters and functions 
for setting and monitoring parameter values.

• Up/Down ( , ) Keys – Use these keys to alternately move up or down the lists of 
parameter and functions shown in the display, and increment/decrement values.

• Store (  ) Key – When the unit is in Program Mode and the operator has edited a param-
eter value, press the Store key to write the new value to the EEPROM. This parameter is then 
displayed at powerup by default. If you want to change the powerup default, navigate to a 
new parameter value and press the Store key.

Run/Stop LED

Program/Monitor LED

Run Key Enable LED

Run Key

Power LED

Alarm LED

Display Units LEDs

Hertz
Volts or Amperes
(kW = both ON)
Percent

Parameter Display

Potentiometer Enable LED

Potentiometer
Stop/Reset Key

Hz

POWER

A

RUN

PRG

RUN STOP
RESET

MIN MAX

HITACHI

FUNC 1 2

%

ALARM

STR

V kW5 0.0

1 2

STR
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Keypad
Navigational Map

Whether you use the keypad on the inverter or the read-write copy unit, each navigates the same 
way. The diagram below shows the basic navigational map of parameters and functions.

NOTE: The inverter 7-segment display shows lower case “b” and “d”, meaning the same as the 
upper case letters “B” and “D” used in this manual (for uniformity “A to F”).

1 2

21

Write
data to 

EEPROM, 
store as 
powerup 
default

Increment/
decrement 

value

21

21

21

21

21

21

2

1

1

Select ParameterSelect FunctionDisplay Data

2

Return to 
parameter 

list

21

21

21

21

21

21

Edit Parameter

FUNC.

FUNC.

FUNC.
21

21

21

21

21

21

d o 9 0

U – – –

P – – –

H – – –

C – – –

b – – –

A – – –

U o 1 2

U o 0 1

P o 4 9

P o 0 1

h o 7 2

h o 0 1

c 1 2 3

c o 0 1

b 1 2 6

b o 0 1

a 1 3 2

a o 0 1

1 2 3.4

0.00

d o 0 1

F o 0 4

F o 0 1

FUNC.

FUNC.

FUNC.

21

P o 4 9

d 0 0 1

FUNC.

STR

FUNC.

D002–D090

Edit

0.00
D001

Edit

PRG LED

PRG LED

Increment/
decrement 

value

1 2

FUNC.

Write data 
to F001, 

store D001 
as power-
up default

STR

FUNC.

STR

Store as 
powerup 
default

Monitor Mode Program Mode
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Operational 
Modes

The RUN and PGM LEDs tell just part of the story; 
Run Mode and Program Modes are independent 
modes, not opposite modes. In the state diagram to 
the right, Run alternates with Stop, and Program 
Mode alternates with Monitor Mode. This is a very 
important ability, for it shows that a technician can 
approach a running machine and change some 
parameters without shutting down the machine.

The occurrence of a fault during operation will 
cause the inverter to enter the Trip Mode as shown. 
An event such as an output overload will cause the 
inverter to exit the Run Mode and turn OFF its 
output to the motor. In the Trip Mode, any request 
to run the motor is ignored. You must clear the 
error by pressing the Stop/Reset switch. See 
“Monitoring Trip Events, History, & Conditions” 
on page 6–5.

Run Mode Edits The inverter can be in Run Mode (inverter output is controlling motor) and still allow you to 
edit certain parameters. This is useful in applications that must run continuously, yet need some 
inverter parameter adjustment.

The parameter tables in this chapter have a column titled “Run Mode 
Edit.” An Ex mark ✘ means the parameter cannot be edited; a Check 
mark ✔ means the parameter can be edited. You’ll notice in the table 
example to the right the two adjacent marks: “✘ ✔”. The two marks 
(that can also be “✘ ✘” or “✔ ✔”) correspond to these levels of access 
to editing:

• Low-access level to Run Mode edits (indicated by left-most mark)

• High-access level to Run Mode edits (indicated by right-most mark)

The Software Lock Setting (parameter B031) determines the particular access level that is in 
effect during Run Mode and access in other conditions, as well. It is the responsibility of the 
user to choose a useful and safe software lock setting for the inverter operating conditions and 
personnel. Please refer to “Software Lock Mode” on page 3–36 for more information.

Control 
Algorithms

The motor control program in the SJ300 
inverter has several sinusoidal PWM 
switching algorithms. The intent is that you 
select the best algorithm for the motor 
characteristics in your application. Each 
algorithm generates the frequency output in 
a unique way. Once configured, the 
algorithm is the basis for other parameter 
settings as well (see “Torque Control 
Algorithms” on page 3–14). Therefore, 
choose the best algorithm early in your 
application design process.

RUN

STOP
RESET

FUNC.

Run Stop

Monitor Program

RUN

STOP
RESET

STOP
RESET

Run Stop

Fault
Trip Fault

Run 
Mode 
Edit

Lo Hi

✘ ✔

Output

V/f control,
 constant torque

V/f control,
variable torque

V/f control, free-
setting curve

Inverter Control Algorithms

Sensorless vector 
(SLV) control

SLV control,
0Hz domain

 Vector control with 
sensor
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“D” Group: Monitoring Functions
Parameter 
Monitoring 
Functions

You can access important system parameter values with the “D” Group monitoring functions, 
whether the inverter is in Run Mode or Stop Mode. After selecting the function code number 
for the parameter you want to monitor, press the Function key once to show the value on the 
display. In Functions D005 and D006 the intelligent terminals use individual segments of the 
display to show ON/OFF status.

“D” Function Run 
Mode
Edit

Range 
and Units SRW DisplayFunc.

Code
Name Description

D001 Output frequency monitor Real-time display of output 
frequency to motor, from 0.0 to 
400.0 Hz

— 0.0 to 
400.0 Hz

FM     0000.00Hz

D002 Output current monitor Filtered display of output current 
to motor (100 mS internal filter 
time constant)

— A Iout     0000.0A

D003 Rotation direction 
monitor

Three different indications:
“F”. Forward
“o”. Stop
“r”   Reverse

— — Dir         STOP

D004 Process variable (PV), 
PID feedback monitor

Displays the scaled PID process 
variable (feedback) value (A75 is 
scale factor)

— — PID-FB  0000.00%

D005 Intelligent input terminal 
status

Displays the state of the intelligent 
input terminals:

— — IN-TM  LLLLLLLLL

D006 Intelligent output terminal 
status

Displays the state of the intelligent 
output terminals:

— — OUT-TM    LLLLLL

D007 Scaled output frequency 
monitor

Displays the output frequency 
scaled by the constant in B86. 
Decimal point indicates range:
XX.XX   0.00 to 99.99
XXX.X   100.0 to 999.9
XXXX.   1000 to 9999
XXXX     10000 to 99990

— User-
defined

F-CNV  000000.00

D012 Torque monitor Estimated output torque value, 
range is -300.0 to +300.0%

— % TRQ        +000%

D013 Output voltage monitor Voltage of output to motor,
range is 0.0 to 600.0V

— VAC Vout      000.0V

ON

OFF

123456

Terminal numbers

78

FW

ON

OFF

11

Terminal numbers

12131415AL

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 499 of 2133



SJ300 Inverter

C
onfiguring D

rive 
P

aram
eters

3–7

Trip Event and 
Programming 
Error Monitoring

The trip event and history monitoring feature lets you cycle through related information using 
the keypad. See “Monitoring Trip Events, History, & Conditions” on page 6–5 for more details.

Programming errors generate an error code that begins with the special  character. See 
“Programming Error Codes” on page 3–68 for more information.

D014 Power monitor 0.0 to 999.9 — kW Power    000.0kW

D016 Cumulative operation 
RUN time monitor

Displays total time the inverter has 
been in RUN mode in hours.
Range is 0 to 9999 / 1000 to 9999/
100 to 999 (10,000 to 99,900) hrs.

— hours RUN    0000000hr

D017 Cumulative power-on 
time monitor

Displays total time the inverter has 
had input power (ON) in hours. 
Range is:
 0 to 9999 / 100.0 to 999.9 / 
1000 to 9999 / 100 to 999 hrs.

— hours ON     0000000hr

“D” Function Run 
Mode
Edit

Range 
and Units

SRW Display
Func.
Code Name Description

“D” Function Run 
Mode
Edit

Lo Hi

Range 
and Units

SRW Display
Func.
Code

Name Description

D080 Trip Counter Number of trip events — — ERR COUNT  00000

D081
to
D086

Trip monitor 1 to 6 Displays trip event information — — (Trip event type)

D090 Programming error 
monitor

Displays programming error code — — XXXX
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“F” Group: Main Profile Parameters
The basic frequency (speed) profile is 
defined by parameters contained in the 
“F” Group as shown to the right. The 
output frequency is set in Hz, but accel-
eration and deceleration are specified 
seconds (the time to ramp from zero to 
maximum frequency, or from maximum 
frequency to zero). The motor direction 
parameter determines whether the 
keypad Run key produces a FW or RV 
command. This parameter does not 
affect the [FW] terminal or [RV] intelligent terminal function, which you configure separately.

Acceleration 1 and Deceleration 1 are the standard default accel and decel values for the main 
profile. Accel and decel values for an alternative profile are specified by using parameters Ax92 
through Ax93. The motor direction selection (F004) determines the direction of rotation as 
commanded only from the keypad. This setting applies to any motor profile (1st, 2nd, or 3rd) in 
use at a particular time.

Output
frequency

F001

F002 F003

t

“F” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

F001 Output frequency 
setting

Standard default target 
frequency that determines 
constant motor speed
Range is 0 to 360 Hz

✔ ✔ 0.00 0.00 0.00 Hz >F001 SET-Freq.

TM     0000.00Hz

2FS    0000.00Hz

3FS    0000.00Hz

TM     0000.00Hz

JG     0000.00Hz

1S     0000.00Hz

15S    0000.00Hz

OP1    0000.00Hz

OP2    0000.00Hz

RS485  0000.00Hz

F002 Acceleration (1) time 
setting

Standard default accelera-
tion
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 30.0 30.0 sec. >F002 ACCEL

TIME1   0030.00s

F202 Acceleration (1) time 
setting, 2nd motor

Standard default accelera-
tion, 2nd motor
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 30.0 30.0 sec. >F202 2ACCEL

TIME1   0030.00s

F302 Acceleration (1) time 
setting, 3rd motor

Standard default accelera-
tion, 3rd motor
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 30.0 30.0 sec. >F302 3ACCEL

TIME1   0030.00s

F003 Deceleration (1) time 
setting

Standard default decelera-
tion
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 30.0 30.0 sec. >F003 DECEL

TIME1   0030.00s

F203 Deceleration (1) time 
setting, 2nd motor

Standard default decelera-
tion, 2nd motor
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 30.0 30.0 sec. >F203 2DECEL

TIME1   0030.00s

F303 Deceleration (1) time 
setting, 3rd motor

Standard default decelera-
tion, 3rd motor
Range is 0.01 to 3600 sec.

✔ ✔ 30.0 30.0 30.0 sec. >F303 3DECEL

TIME1   0030.00s

F004 Keypad Run key routing Two options; select codes:
00 Forward
01 Reverse

✘ ✘ 00 00 00 — >F004 DIG-RUN

SELECT        FW
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“A” Group: Standard Functions
Basic Parameter 
Settings

These settings affect the most fundamental behavior of the inverter—the outputs to the motor. 
The frequency of the inverter’s AC output determines the motor speed. You may select from 
three different sources for the reference speed. During application development you may prefer 
using the potentiometer, but you may switch to an external source (control terminal setting) in 
the finished application, for example.

The base frequency and maximum frequency settings interact according to the graph below 
(left). The inverter output operation follows the constant V/f curve until it reaches the full-scale 
output voltage. This initial straight line is the constant-torque part of the operating characteris-
tic. The horizontal line over to the maximum frequency serves to let the motor run faster, but at 
a reduced torque. This is the constant-horsepower part of the characteristic. If you want the 
motor to output constant torque over its entire operating range (limited to the motor nameplate 
voltage and frequency rating), then set the base frequency and maximum frequency equal as 
shown (below right).

NOTE: The “2nd motor” and “3rd motor” settings in the tables in this chapter store an alter-
nate set of parameters for additional motors. The inverter can use the 1st, 2nd, or 3rd set of 
parameters to generate the output frequency to the motor. See “Configuring the Inverter for 
Multiple Motors” on page 4–72.

Base
 Frequency

Maximum
 Frequency

Base frequency = 
maximum frequency

A003 A004
A003

A004

tt
0 0

100% 100%

VV

Constant torque

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A001 Frequency source 
setting

Six options; select codes:
00 Keypad potentiometer
01 Control terminal
02 Function F001 setting
03 RS485 serial command
04 Expansion board 1
05 Expansion board 2

✘ ✘ 01 01 02 — >A001 F-SET

SELECT     TRM

A002 Run command source 
setting

Five options; select codes:
01 Input terminal [FW] or 

[RV] (assignable)
02 Run key on keypad, or 

digital operator
03 RS485 serial command
04 Start/Stop, expansion 

card #1
05 Start/Stop, expansion 

card #2

✘ ✘ 01 01 02 — >A002 F/R

SELECT     TRM

A003 Base frequency setting Settable from 30 Hz to the 
maximum frequency 

✘ ✘ 50. 60. 60. Hz >A003 F-BASE

F         0060Hz
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NOTE: The base frequency must be less than or equal to the maximum frequency (ensure that 
A003 ≤ A004).

A203 Base frequency setting, 
2nd motor

Settable from 30 Hz to the 
maximum frequency 

✘ ✘ 50. 60. 60. Hz >A203 2F-BASE

F         0060Hz

A303 Base frequency setting, 
3rd motor

Settable from 30 Hz to the 
maximum frequency 

✘ ✘ 50. 60. 60. Hz >A303 3F-BASE

F         0060Hz

A004 Maximum frequency 
setting

Settable from 30 Hz to
400 Hz

✘ ✘ 50. 60. 60. Hz >A004 F-max

F         0060Hz

A204 Maximum frequency 
setting, 2nd motor

Settable from 30 Hz to
400 Hz

✘ ✘ 50. 60. 60. Hz >A204 2F-max

F        0060Hz

A304 Maximum frequency 
setting, 3rd motor

Settable from 30 Hz to
400 Hz

✘ ✘ 50. 60. 60. Hz >A304 3F-max

F        0060Hz

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)
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Analog Input 
Settings

The inverter has the capability to accept external analog inputs that can command the output 
frequency to the motor. Signals including voltage input (0 to +10V) at terminal [O], bipolar 
input (-10 to +10V) at terminal [O2], and current input (4 to 20mA) at terminal [OI] are avail-
able. Terminal [L] serves as signal ground for the three analog inputs. The analog input settings 
adjust the curve characteristics between the analog input and the frequency output.

Adjusting [O–L] characteristics – In the 
graph to the right, A013 and A014 select 
the active portion of the input voltage 
range. Parameters A011 and A012 select 
the start and end frequency of the 
converted output frequency range, respec-
tively. Together, these four parameters 
define the major line segment as shown. 
When the line does not begin at the origin 
(A011 and A013 > 0), then A015 defines 
whether the inverter outputs 0Hz or the 
A011-specified frequency when the 
analog input value is less than the A013 
setting. When the input voltage is greater 
than the A014 ending value, the inverter 
outputs the ending frequency specified by 
A012.

Adjusting [OI–L] characteristics – In 
the graph to the right, A103 and A104 
select the active portion of the input 
current range. Parameters A101 and A102 
select the start and end frequency of the 
converted output frequency range, respec-
tively. Together, these four parameters 
define the major line segment as shown. 
When the line does not begin at the origin 
(A101 and A103 > 0), then A105 defines 
whether the inverter outputs 0Hz or the 
A101-specified frequency when the 
analog input value is less than the A103 
setting. When the input voltage is greater 
than the A104 ending value, the inverter 
outputs the ending frequency specified by 
A102.

Adjusting [O2–L] characteristics – In 
the graph to the right, A113 and A144 
select the active portion of the input 
voltage range. Parameters A111 and 
A112 select the start and end frequency of 
the converted output frequency range, 
respectively. Together, these four parame-
ters define the major line segment as 
shown. When the input voltage is less 
than the A113 input starting value, the 
inverter outputs the starting frequency 
specified by A111. When the input 
voltage is greater than the A114 ending 
value, the inverter outputs the ending 
frequency specified by A112.

%  input 

100%
10V

0%
0V

f
max. frequency

A013 A014

A012

A011

A015=0

A015=1

%  input 

100%
20mA

0%
4mA

A102

f
max. frequency

A101

A103 A104

A105=0

A105=1

%  input 

+100%
+10V

0

A112

f max. fwd frequency

A111

A113

A114

–100%
-10V

fmax. rev frequency
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“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A005 [AT] selection Two options; select codes:
00 Select between [O] and 

[OI] at [AT]
01 Select between [O] and 

[O2] at [AT]

✘ ✘ 00 00 00 — >A005 AT

SELECT      O/OI

A006 [O2] selection Three options; select codes:
00 Independent
01 Only positive
02 Both positive and 

negative

✘ ✘ 00 00 00 — >A006 O2

SELECT O2

A011 [O]–[L] input active 
range start frequency

The output frequency corre-
sponding to the voltage input 
range starting point
Range is 0.00 to 400.00 Hz

✘ ✔ 0.00 0.00 0.00 Hz >A011 INPUT-O

EXS    0000.00Hz

A012 [O]–[L] input active 
range end frequency

The output frequency corre-
sponding to the voltage input 
range ending point
Range is 0.00 to 400.00 Hz

✘ ✔ 0.00 0.00 0.00 Hz >A012 INPUT-O

EXE    0000.00Hz

A013 [O]–[L] input active 
range start voltage

The starting point for the 
voltage input range
Range is 0 to 100%

✘ ✔ 0. 0. 0. % >A013 INPUT-O

EX%S        000%

A014 [O]–[L] input active 
range end voltage

The ending point for the 
voltage input range
Range is 0 to 100%

✘ ✔ 100. 100. 100. % >A014 INPUT-O

EX%E        100%

A015 [O]–[L] input start 
frequency enable

Two options; select codes:
00 Use A011 start value
01 Use 0 Hz

✘ ✔ 01 01 01 — >A015 INPUT-O

LEVEL      0Hz

A016 External frequency filter 
time constant

Range n = 1 to 30, where n = 
number of samples for avg.

✘ ✔ 8. 8. 8. Sam-
ples

>A016 INPUT

F-SAMP        08
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Multi-speed and 
Jog Frequency 
Settings

The SJ300 inverter has the capability to store and output up to 16 preset frequencies to the 
motor (A020 to A035). As in traditional motion terminology, we call this multi-speed profile 
capability. These preset frequencies are selected by means of digital inputs to the inverter. The 
inverter applies the current acceleration or deceleration setting to change from the current 
output frequency to the new one. The first multi-speed setting is duplicated for the second 
motor settings (the remaining 15 multi-speeds apply only to the first motor).

The jog speed setting is used whenever the Jog command is active. The jog speed setting range 
is arbitrarily limited to 10 Hz to provide safety during manual operation. The acceleration to the 
jog frequency is instantaneous, but you can choose from six modes for the best method for 
stopping the jog operation.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A019 Multi-speed operation 
selection

Two options; select codes:
00 Binary; up to 16-stage         

speed using 4 intelligent 
terminals

01 Single-bit; up to 8-stage 
speed using 7 intelligent 
terminals

✘ ✘ 00 00 00 — >A019 SPEED

SELECT    BINARY

A020 Multi-speed frequency 
setting

Defines the first speed of a 
multi-speed profile, range is 
0 to 360 Hz
A020 = Speed 1 (1st motor)

✔ ✔ 0.00 0.00 0.00 Hz >A020 SPEED

FS     0000.00Hz

A220 Multi-speed frequency 
setting, 2nd motor

Defines the first speed of a 
multi-speed profile for 2nd 
motor, range is 0 to 360 Hz
A220 = Speed 1 (2nd motor)

✔ ✔ 0.00 0.00 0.00 Hz >A220 SPEED

2FS    0000.00Hz

A320 Multi-speed frequency 
setting, 3rd motor

Defines the first speed of a 
multi-speed profile for 3rd 
motor, range is 0 to 360 Hz
A320 = Speed 1 (3rd motor)

✔ ✔ 0.00 0.00 0.00 Hz >A320 SPEED

3FS    0000.00Hz

A021
to
A035

Multi-speed frequency 
settings
(for both motors)

Defines 15 more speeds,
range is 0 to 360 Hz.
A021 = Speed 2...
A035 = Speed 16

✔ ✔ 0.00 0.00 0.00 Hz >A021 SPEED

01S    0000.00Hz

A038 Jog frequency setting Defines limited speed for 
jog, range is 0.5 to 9.99 Hz

✔ ✔ 1.00 1.00 1.00 Hz >A038 Jogging

F        01.00Hz

A039 Jog stop mode Define how end of jog stops 
the motor; six options:
00 Free-run stop, jogging 

disabled during motor 
run

01 Controlled deceleration, 
jogging disabled during 
motor run

02 DC braking to stop, 
jogging  disabled during 
motor run

03 Free-run stop, jogging 
always enabled

04 Controlled deceleration, 
jogging always enabled

05 DC braking to stop, 
jogging  always enabled

✘ ✔ 00 00 00 — >A039 Jogging

Mode         FRS
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Torque Control 
Algorithms

The inverter generates the motor output 
according to the V/f algorithm or the 
sensorless vector control algorithm. Param-
eter A044 selects the inverter torque control 
algorithm for generating the frequency 
output, as shown in the diagram to the right 
(A244 and A344 for 2nd and 3rd motors, 
respectively). The factory default is 00 
(constant torque V/f control).

Review the following descriptions to help 
you choose the best torque control 
algorithm for your application.

• The built-in V/f curves are oriented 
toward developing constant torque or 
variable torque characteristics (see 
graphs below).

• The free-setting curve provides an even 
more flexible characteristic, but it 
requires more parameter settings.

• Sensorless vector control calculates an 
ideal torque vector based on current 
motor position, winding currents, and so 
on. It is a more robust control method than the V/f control methods. However, it is more 
dependent on actual motor parameters and will require you to set these values carefully or to 
perform the auto-tuning procedure (see “Auto-tuning of Motor Constants” on page 4–67) to 
obtain optimum performance.

• Sensorless vector control, 0Hz domain increases the low-speed torque performance (0–
2.5Hz) via an advanced Hitachi torque control algorithm. However, you will need to size the 
inverter for one frame size larger than the motor for proper operation.

• Vector control with sensor requires expansion card SJ–FB encoder feedback board and a 
motor shaft encoder. Choose this method when precise position/velocity control is required.

Constant and Variable Torque – The graph below (left) shows the constant torque character-
istic from 0Hz to the base frequency A003. The voltage remains constant for output frequencies 
higher than the base frequency.

The graph above (right) shows the general characteristic for variable torque. The curve may be 
best described in three sections, as follows:

a. The range from 0Hz to 10% of the base frequency is the constant torque characteristic. 
For example, a base frequency of 60Hz ends the constant torque characteristic segment 
at 6Hz.

b. The range from 10% of the base frequency to the base frequency is the variable 
(reduced) torque characteristic. The voltage is output in the curve of frequency to the 1.7 
power.

Output

V/f control,
 constant torque

V/f control,
variable torque

V/f control, free-
setting curve

Inverter Torque Control Algorithms

Sensorless vector 
(SLV) control

Sensorless vector,
0Hz domain

 Vector control with 
sensor

00

05

04

03

02

01

A044

Constant torque Variable torque

Maximum 
frequency

Base
frequency

100%100%

Maximum 
frequency

Base
frequency

Output 
voltage

Output 
voltage

10% of
base

frequency

a. b. c.
0 0
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c. After reaching the base frequency, the characteristic maintains a constant output voltage 
for higher frequencies.

Using parameter A045 you can modify the voltage gain of the inverter. This is specified as a 
percentage of the full-scale setting AVR (Automatic Voltage Regulation) in parameter A082. 
The gain can be set from 20% to 100%. It must be adjusted in accordance with the motor speci-
fications.

Torque Boost – The Constant and 
Variable Torque algorithms feature an 
adjustable torque boost curve. When the 
motor load has a lot of inertia or starting 
friction, you may need to increase the 
low frequency starting torque character-
istics by boosting the voltage above the 
normal V/f ratio (shown at right). The 
boost is applied from zero to 1/2 the 
base frequency. You set the breakpoint 
of the boost (point A on the graph) by 
using parameters A042 and A043. The 
manual boost is calculated as an 
addition to the standard straight V/f line (constant torque curve).

Be aware that running the motor at a low speed for a long time can cause motor overheating. 
This is particularly true when manual torque boost is ON or if the motor relies on a built-in fan 
for cooling.

NOTE: Manual torque boost applies only to constant torque (A044=00) and variable torque 
(A044=01) V/f control.

NOTE: The motor stabilization parameter H006 is effective for constant torque (A044=00) and 
variable torque (A044=01) V/f control.

V/f Free-setting – The free-setting V/f inverter mode of operation uses voltage and frequency 
parameter pairs to define seven points on a V/f graph. This provides a way to define a multi-
segment V/f curve that best suits your application.

The frequency settings do require that 
F1 ≤ F2 ≤ F3 ≤ F4 ≤ F5 ≤ F6 ≤ F7; their 
values must have this ascending order 
relationship. However, the voltages V1 
to V7 may either increase or decrease 
from one to the next. The example to the 
right shows the definition of a complex 
curve by following the setting require-
ments.

Free-setting f7 (B112) becomes the 
maximum frequency of the inverter. 
Therefore, we recommend setting f7 
first, since the initial value of all default 
frequencies f1–f7 is 0Hz.

NOTE: The using of V/f free-setting operation specifies parameters that override (make 
invalid) certain other parameters. The parameters that become invalid are torque boost (A041/
A241), base frequency (A003/A203/A303), and maximum frequency (A004/A204/A304). In 
this case, we recommend leaving their settings at the factory default values.

f base = 
60Hz

Torque boost

A042 = 10

A043 = 10%

frequency

100%

10%

0

V

A

6.0Hz 30.0Hz

Output voltage

Output
frequency

(even)

B101 to
 B113
(odd)

B100 to B112

V7

V6

V5

V4
V1

V2, V3

0 f1 f2 f3 f4 f5 f6 f7 Hz
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The V/f free-setting endpoint f7/V7 
parameters must stay within the more 
basic inverter limits in order for the 
specified free-setting characteristic 
curve to be achieved. For example, the 
inverter cannot output a higher voltage 
than the input voltage or the AVR 
setting voltage (Automatic Voltage 
Regulation), set by parameter A082. 
The graph to the right shows how the 
inverter input voltage would clip (limit) 
the characteristic curve if exceeded.

Sensorless Vector Control and, Sensorless Vector Control, 0Hz Domain – These advanced 
torque control algorithms improve the torque performance at very low speeds:

• Sensorless Vector Control – improved torque control at output frequencies down to 0.5 Hz

• Sensorless Vector Control, 0Hz Domain – improved torque control at output frequencies 
from 0 to 2.5 Hz.

These low-speed torque control algorithms must be tuned to match the characteristics of the 
particular motor connected to your inverter. Simply using the default motor parameters in the 
inverter will not work satisfactorily for these control methods. Chapter 4 discusses motor/
inverter size selection and how to set the motor parameters either manually or by using the 
built-in auto-tuning. Before using the sensorless vector control methods, please refer to 
“Setting Motor Constants for Vector Control” on page 4–65.

NOTE: When the inverter is in SLV (sensorless vector) mode, use B083 to set the carrier 
frequency greater than 2.1 kHz for proper operation.

NOTE: You must disable sensorless vector operation when two or more motors are connected 
(parallel operation) to the inverter.

Vector Control with Encoder Feedback – This method of torque control uses an encoder as a 
motor shaft position sensor. Accurate position feedback allows the inverter to close the velocity 
loop and provide very accurate speed control, even with variations in motor loads. To use 
encoder feedback you will need to add an SJ–FB Encoder Feedback Card in the inverter’s 
expansion bay. Please refer to “Expansion Cards” on page 5–5 in this manual or the SJ–FB 
manual for details.

The following table shows the methods of torque control selection.

Output voltage

Output
frequency

(even)

B101 to
 B113
(odd)

Voltage to output or AVR voltage

B100 to B112

V7

V6

0 f6 f7 Hz

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A041 Torque boost method 
selection

Two options:
00 Manual torque boost
01 Automatic torque boost

✘ ✘ 00 00 00 — >A041 V-Boost

Mode      MANUAL

A241 Torque boost method 
selection, 2nd motor

Two options (for 2nd 
motor):
00 Manual torque boost
01 Automatic torque boost

✘ ✘ 00 00 00 — >A241 2V-Boost

Mode      MANUAL
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A042 Manual torque boost 
value

Can boost starting torque 
between 0 and 20% above 
normal V/f curve, from 0 to
1/2 base frequency

✔ ✔ 1.0 1.0 1.0 — >A042 V-Boost

Code       01.0%

A242 Manual torque boost 
value, 2nd motor

Can boost starting torque 
between 0 and 20% above 
normal V/f curve, from 0 to
1/2 base frequency

✔ ✔ 1.0 1.0 1.0 — >A242 2V-Boost

Code       01.0%

A342 Manual torque boost 
value, 3rd motor

Can boost starting torque 
between 0 and 20% above 
normal V/f curve, from 0 to
1/2 base frequency

✔ ✔ 1.0 1.0 1.0 — >A342 3V-Boost

Code       01.0%

A043 Manual torque boost 
frequency adjustment

Sets the frequency of the
V/f breakpoint A in graph 
(top of previous page) for 
torque boost

✔ ✔ 5.0 5.0 5.0 % >A043 V-Boost

F          05.0%

A243 Manual torque boost 
frequency adjustment, 
2nd motor

Sets the frequency of the
V/f breakpoint A in graph 
(top of previous page) for 
torque boost

✔ ✔ 5.0 5.0 5.0 % >A243 2V-Boost

F          05.0%

A343 Manual torque boost 
frequency adjustment, 
3rd motor

Sets the frequency of the
V/f breakpoint A in graph 
(top of previous page) for 
torque boost

✔ ✔ 5.0 5.0 5.0 % >A343 3V-Boost

F          05.0%

A044 V/f characteristic curve 
selection, 1st motor

Six torque control modes:
00 V/f constant torque
01 V/f variable torque
02 V/f free-setting curve
03 Sensorless vector SLV
04 0Hz domain SLV
05 Vector control with 

encoder feedback

✘ ✘ 00 00 00 — >A044 Control

1st     VC

A244 V/f characteristic curve 
selection, 2nd motor

Six torque control modes:
00 V/f constant torque
01 V/f variable torque
02 V/f free-setting curve
03 Sensorless vector SLV
04 0Hz domain SLV
05 Vector control with 

encoder feedback

✘ ✘ 00 00 00 — >A244 2Control

2nd           VC

A344 V/f characteristic curve 
selection, 3rd motor

Six torque control modes:
00 V/f constant torque
01 V/f variable torque
02 V/f free-setting curve
03 Sensorless vector SLV
04 0Hz domain SLV
05 Vector control with 

encoder feedback

✘ ✘ 00 00 00 — >A344 3Control

3rd      VC

A045 V/f gain setting Sets voltage gain of the 
inverter from 20 to 100%

✔ ✔ 100. 100. 100. % >A045 V-Gain

Gain        100%

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)
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DC Braking 
Settings

The DC braking feature can provide additional stopping torque when compared to a normal 
deceleration to a stop. It can also ensure the motor and load are stopped before acceleration.

When decelerating – DC braking is 
particularly useful at low speeds when 
normal deceleration torque is minimal. 
During deceleration, the inverter injects 
a DC voltage into the motor windings 
during deceleration below a frequency 
you can specify (A052). The braking 
power (A054) and duration (A055) can 
both be set. You can optionally specify a 
wait time before DC braking (A053), 
during which the motor will free run 
(coast).

When starting – You can also apply 
DC braking upon the application of a 
Run command, specifying both the DC 
braking force level (A057) and the 
duration (A058). This will serve to stop 
the rotation of the motor and the load, 
when the load is capable of driving the 
motor. This effect, sometimes called 
“windmilling,” is common in fan appli-
cations. Often, air moving in duct work 
will drive the fan in a backward direc-
tion. If an inverter is started into such a backward-rotating load, over-current trips can occur. 
Use DC braking as an “anti-windmilling” technique to stop the motor and load, and allow a 
normal acceleration from a stop. See also the “Acceleration Pause Function” on page 3–21.

You can configure the inverter to apply DC braking at stopping only, at starting only, or both. 
DC braking power (0–100%) can be set separately for stopping and starting cases.

You can configure DC braking to initiate in one of two ways:

1. Internal DC braking – Set A051=01 to enable internal braking. The inverter automatically 
applies DC braking as configured (during stopping, starting, or both).

2. External DC braking – Configure an input terminal with option code 7 [DB] (see “Exter-
nal Signal for DC Braking” on page 4–17 for more details). Leave A051=00, although this 
setting is ignored when a [DB] input is configured. The DC braking force settings (A054 
and A057) still apply. However, the braking time settings (A055 and A058) do not apply 
(see level and edge triggered descriptions below). Use A056 to select level or edge detection 
for the external input.

a. Level triggered – When the [DB] input signal is ON, the inverter immediately applies 
DC injection braking, whether the inverter is in Run Mode or Stop Mode. You control 
DC braking time by the duration of the [DB] pulse.

b. Edge triggered – When the [DB] input transitions OFF-to-ON and the inverter is in Run 
Mode, it will apply DC braking only until the motor stops... then DC braking is OFF. 
During Stop Mode, the inverter ignores OFF-to-ON transitions. Therefore, do not use 
edge triggered operation when you need DC braking before acceleration.

CAUTION: Be careful to avoid specifying a braking time that is long enough to cause motor 
overheating. If you use DC braking, we recommend using a motor with a built-in thermistor 
and wiring it to the inverter’s thermistor input (see “Thermistor Thermal Protection” on page 4–
28). Also refer to the motor manufacturer’s specifications for duty-cycle recommendations 
during DC braking.

DC brakingFree runRunning

Output
voltage

A053 A055

A054

t

+

0

–

DC braking Running

Output
voltage

A058

A057

t

+

0

–
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Derating of DC Braking – The inverter uses an internal carrier frequency (set by A059) to 
generate a DC braking voltage (do not confuse with main inverter output carrier frequency set 
by B083). The maximum DC braking force available to the inverter is more limited with higher 
DC braking carrier frequency settings for A059 according to the graphs below.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A051 DC braking enable Two options; select codes:
00 Disable
01 Enable

✘ ✔ 00 00 00 — >A051 DCB

Mode         OFF

A052 DC braking frequency 
setting

The frequency at which DC 
braking activates during 
decel.
Range is 0.00 to 60.00 Hz

✘ ✔ 0.50 0.50 0.50 Hz >A052 DCB

F        00.50Hz

A053 DC braking wait time The delay after reaching the 
DC braking frequency, or 
[DB] signal, before DC 
braking begins.
Range is 0.0 to 5.0 seconds

✘ ✔ 0.0 0.0 0.0 sec. >A053 DCB

WAIT        0.0s

A054 DC braking force during 
deceleration

Variable DC braking force. 
Range is from 0% to 100%

✘ ✔ 0. 0. 0. % >A054 DCB

STP-V       000%

A055 DC braking time for 
deceleration

Sets the duration for DC 
braking during decel. Range 
is 0.0 to 60.0 seconds

✘ ✔ 0.0 0.0 0.0 sec. >A055 DCB

STP-T      00.0s

A056 DC braking / edge or 
level detection for [DB] 
input

Two options; select codes:
00 Edge detection
01 Level detection

✘ ✔ 01 01 01 — >A056 DCB

KIND       LEVEL

A057 DC braking force for 
starting

Variable DC braking force. 
Range is 0 to 100%

✘ ✔ 0. 0. 0. % >A057 DCB

STA-V       000%

A058 DC braking time for 
starting

Sets the duration for DC 
braking before accel.
Range is 0.0 to 60.0 seconds

✘ ✔ 0.0 0.0 0.0 sec. >A058 DCB

STA-T      00.0s

A059 DC braking carrier 
frequency setting

Range is 0.5 to 15 kHZ for 
models up to –550xxx,
range is 0.5 to 10kHz for 
750xxx to 1500xxx models

✘ ✘ 3.0 3.0 3.0 kHz >A059 DCB

CARRIER  05.0kHz

Max.braking
 ratio (%)
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40

50

60

70

3 5 7 9 11 13
DC braking carrier frequency
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60

70

3 5 7 9

(10)

(22)

(34)

(46)

Max.braking
ratio (%)

DC braking carrier frequency

(10)

(20)

(40)

Models 75 – 132kWModels 11 – 55kW

80

90

100

80
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100

15

(75)
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Frequency-
related Functions

Frequency Limits – Upper and lower 
limits can be imposed on the inverter 
output frequency. These limits will apply 
regardless of the source of the speed 
reference. You can configure the lower 
frequency limit to be greater than zero as 
shown in the graph to the right. The upper 
limit must not exceed the rating of the 
motor or capability of the machinery.

Jump Frequencies – Some motors or machines exhibit resonances at particular speed(s), 
which can be destructive for prolonged running at those speeds. The inverter has up to three 
jump frequencies as shown in the graph. The hysteresis around the jump frequencies causes the 
inverter output to skip around the sensitive frequency values.

Upper
limit

Frequency command

Lower
limit

Settable
range

A061

A062

Output frequency

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A061 Frequency upper limit 
setting

Sets a limit on output 
frequency less than the 
maximum frequency (A004) 
Range is 0.50 to 400.0 Hz
0.00  setting is disabled
>0.10  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A061 LIMIT

HIGH   0000.00Hz

A261 Frequency upper limit 
setting, 2nd motor

Sets a limit on output 
frequency less than the 
maximum frequency (A004) 
Range is 0.50 to 400.0 Hz
0.00  setting is disabled
>0.10  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A261 2LIMIT

HIGH   0000.00Hz

A062 Frequency lower limit 
setting

Sets a limit on output 
frequency greater than zero 
Range is 0.50 to 400.0 Hz
0.00  setting is disabled
>0.1  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A062 LIMIT

LOW    0000.00Hz

A262 Frequency lower limit 
setting, 2nd motor

Sets a limit on output 
frequency greater than zero 
Range is 0.50 to 400.0 Hz
0.00  setting is disabled
>0.10  setting is enabled

✘ ✔ 0.00 0.00 0.00 Hz >A262 2LIMIT

LOW    0000.00Hz

Frequency command

Jump frequencies

Output
frequency

Hysteresis values

A067

A065

A063
A064

A064

A066

A066

A068

A068
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Acceleration 
Pause Function

The acceleration pause function can be 
used to minimize the occurrence of 
over-current trips when accelerating 
high inertia loads. It introduces a dwell 
or pause in the acceleration ramp. You 
can control the frequency at which this 
dwell occurs (A069), and the duration 
of the pause time (A070). This function 
can also be used as an anti-windmilling 
tool, when the load might have a 
tendency to drive the motor in a reverse 
direction while the inverter is in a Stop mode. Initiating a normal acceleration in such a situa-
tion may result in over-current trips. This function can be used to keep the inverter output 
frequency and voltage at low levels long enough to bring the load to a stop, and commence 
turning in the desired direction before the acceleration ramp resumes. See also “DC Braking 
Settings” on page 3–18.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A063
A065
A067

Jump (center) frequency 
setting

Up to 3 output frequencies 
can be defined for the output 
to jump past to avoid motor 
resonances (center 
frequency)
Range is 0.00 to 400.0 Hz

✘ ✔ 0.00 0.00 0.00 Hz >A063 JUMP

F1     0000.00Hz

>A065 JUMP

F2     0000.00Hz

>A067 JUMP

F3     0000.00Hz

A064
A066
A068

Jump (hysteresis) 
frequency width setting

Defines the distance from 
the center frequency at 
which the jump occurs
Range is 0.0 to 10.0 Hz

✘ ✔ 0.50 0.50 0.50 Hz >A064 JUMP

W1       00.50Hz

>A066 JUMP

W2       00.50Hz

>A068 JUMP

W3       00.50Hz

Accel pause 
period

Output
frequency

A070

A069

Set frequency

t0

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A069 Acceleration pause 
frequency setting

Range is 0.00 to 400.0Hz ✘ ✔ 0.00 0.00 0.00 Hz >A069 F-STOP

F      0000.00H

A070 Acceleration pause time 
setting

Range is 0.0 to 60.0 sec. ✘ ✔ 0.0 0.0 0.0 sec. >A070 F-STOP

T          00.0s
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PID Control When enabled, the built-in PID loop calculates an ideal inverter output value to cause a loop 
feedback process variable (PV) to move closer in value to the setpoint (SP). The current 
frequency command serves as the SP. The PID loop algorithm will read the analog input for the 
process variable (you specify either current or voltage input) and calculate the output.

• A scale factor in A075 lets you multiply the PV by a factor, converting it into engineering 
units for the process.

•  Proportional, integral, and derivative gains are all adjustable.

• Optional – You can assign an intelligent input terminal the option code 23, PID Disable. 
When active, this input disables PID operation. See “Intelligent Input Terminal Overview” 
on page 3–49.

• See “PID Loop Operation” on page 4–71 for more information.

NOTE: The setting A073 for the integrator is the integrator’s time constant Ti, not the gain. 
The integrator gain Ki = 1/Ti. When you set A073 = 0, the integrator is disabled.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A071 PID Enable Enables PID function,
two option codes:
00 PID operation OFF
01 PID operation ON

✘ ✔ 00 00 00 — >A071 PID

SW           OFF

A072 PID proportional gain Proportional gain has a 
range of 0.2 to 5.0

✔ ✔ 1.0 1.0 1.0 — >A072 PID

P            1.0

A073 PID integral time 
constant

Integral time constant has a 
range of 0.0 to 3600 seconds

✔ ✔ 1.0 1.0 1.0 sec. >A073 PID

I        0001.0s

A074 PID derivative time 
constant

Derivative time constant has 
a range of 0.0 to 100 seconds

✔ ✔ 0.0 0.0 0.0 sec. >A074 PID

D         000.00

A075 PV scale conversion Process Variable (PV) scale 
factor (multiplier), range of
0.01 to 99.99

✘ ✔ 1.00 1.00 1.00 — >A075 PID

CONV      001.00

A076 PV source setting Selects source of Process 
Variable (PV), option codes:
00 [OI] terminal (current 

input)
01 [O] terminal (voltage 

input)

✘ ✔ 00 00 00 — >A076 PID

INPUT         OI
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Automatic 
Voltage
Regulation (AVR) 
Function

The automatic voltage regulation (AVR) feature keeps the inverter output voltage at a 
relatively constant amplitude during power input fluctuations. This can be useful if the installa-
tion is subject to input voltage disturbances. However, the inverter cannot boost its motor 
output to a voltage higher than the power input voltage. If you enable this feature, be sure to 
select the proper voltage class setting for your motor.

Energy Savings 
Mode / Optimal 
Accel/Decel

Energy Savings Mode – This function allows the inverter to deliver the minimum power 
necessary to maintain speed at any given frequency. This works best when driving variable 
torque characteristic loads such as fans and pumps. Parameter A085=01 enables this function 
and A086 controls the degree of its effect. A setting of 0.0 yields slow response but high 
accuracy, while a setting of 100 will yield a fast response with lower accuracy.

Optimal Accel/Decel Operation – This feature uses “fuzzy” logic to optimize acceleration 
and deceleration curves in real time. It is enabled by A085=02. Optimal accel/decel operation 
automatically adjusts the acceleration and deceleration times in response to changes in load or 
inertia to take advantage of the maximum output current capability of the inverter. In general, 
optimal accel/decel will allow for the shortest accel and decel times based on the actual load 
conditions. The function continuously monitors output current and DC bus voltage to avoid 
reaching their respective trip levels.

NOTE: In this mode, the settings of acceleration and deceleration times (F002 and F003) are 
disregarded.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A081 AVR function select Automatic (output) voltage 
regulation, selects from 
three type of AVR functions, 
three option codes:
00 AVR enabled
01 AVR disabled
02 AVR enabled except 

during deceleration

✘ ✘ 00 00 00 — >A081 AVR

MODE        DOFF

A082 AVR voltage select 200V class inverter settings:
200/215/220/230/240

400V class inverter settings:
380/400/415/440/460/
480

✘ ✘ 230/
400

230/
460

200/
400

V >A082 AVR

AC          230

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A085 Operation mode
selection

Three options:
00 Normal operation
01 Energy-saver operation
02 Optimal accel/decel 

operation 

✘ ✘ 00 00 00 — >A085 RUN

MODE       NOR

A086 Energy saving mode 
tuning

Range is 0.0 to 100 sec. ✔ ✔ 50.0 50.0 50.0 sec. >A086 RUN

ECO      0050.0s
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Optimal Accel/Decel Operation, continued...

The acceleration time is controlled to maintain output current below the level set by the 
Overload Restriction Function if enabled (Parameters B021/B024, B022/B025, and B023/
B026). If Overload Restriction is not enabled, then the current limit used is 150% of the 
inverter’s rated output current.

The deceleration time is controlled so that the output current is maintained below 150% of the 
inverter’s rated current, and the DC bus voltage is maintained below the OV Trip level (358V or 
770V).

NOTE: DO NOT use Optimal Accel/Decel (A085 = 02) when an application...
•  has a requirement for constant acceleration or deceleration
•  has a load inertia more than (approx.) 20 times the motor inertia
•  uses internal or external regenerative braking
•  uses any of the vector control modes (A044 = 03, 04, or 05). This function is ONLY
   compatible with V/F control.

NOTE: If the load exceeds the rating of the inverter, the acceleration time may be increased.

NOTE: If using a motor with a capacity that is one size smaller than the inverter rating, enable 
the Overload Restriction function (B021/B024) and set the Overload Restriction Level (B022/
B025) to 1.5 times the motor nameplate current.

NOTE: Be aware that the acceleration and deceleration times will vary, depending on the 
actual load conditions during each individual operation of the inverter.

Second
Acceleration and 
Deceleration 
Functions

The SJ300 inverter features two-stage acceleration and deceleration ramps. This gives flexibil-
ity in the profile shape. You can specify the frequency transition point, the point at which the 
standard acceleration (F002) or deceleration (F003) changes to the second acceleration (A092) 
or deceleration (A093). These profile options are also available for the second motor settings 
and third motor settings. All acceleration and deceleration times are time to ramp from zero 
speed to full speed or full speed to zero speed. Select a transition method via A094 as depicted 
below. Be careful not to confuse the second acceleration/deceleration settings with settings for 
the second motor!

Accel 1

Accel 2

2CH 
input

Accel 1

Accel 2

Frequency
transition pointA095

A094=00 A094=01

t

t

frequencyfrequency

00

1
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NOTE: For A095 and A096 (and for 2nd motor settings), if you set a very rapid Acc1 or Dec1 
time (less than 1.0 second), the inverter may not be able to change rates to Acc2 or Dec2 before 
reaching the target frequency. In that case, the inverter decreases the rate of Acc1 or Dec1 in 
order to achieve the second ramp to the target frequency.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A092 Acceleration (2) time 
setting

Duration of 2nd segment of 
acceleration, range is:
0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A092 ACCEL

TIME2   0015.00s

A292 Acceleration (2) time 
setting, 2nd motor

Duration of 2nd segment of 
acceleration, 2nd motor,
range is: 0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A292 2ACCEL

TIME2   0015.00s

A392 Acceleration (2) time 
setting, 3rd motor

Duration of 2nd segment of 
acceleration, 2nd motor,
range is: 0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A392 3ACCEL

TIME2   0015.00s

A093 Deceleration (2) time 
setting

Duration of 2nd segment of 
deceleration, range is:
0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A093 DECEL

TIME2   0015.00s

A293 Deceleration (2) time 
setting, 2nd motor

Duration of 2nd segment of 
deceleration, 2nd motor,
range is: 0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A293 2DECEL

TIME2   0015.00s

A393 Deceleration (2) time 
setting, 3rd motor

Duration of 2nd segment of 
deceleration, 2nd motor,
range is: 0.01 to 3600 sec.

✔ ✔ 15.0 15.0 15.0 sec. >A393 3DECEL

TIME2   0015.00s

A094 Select method to switch 
to Acc2/Dec2 profile

Two options for switching 
from1st to 2nd accel/decel:
00 2CH input from terminal
01 transition frequency

✘ ✘ 00 00 00 — >A094 ACCEL

CHANGE      TM

A294 Select method to switch 
to Acc2/Dec2 profile, 
2nd motor

Two options for switching 
from1st to 2nd accel/decel:
00 2CH input from terminal
01 transition frequency (2nd 

motor)

✘ ✘ 00 00 00 — >A294 ACCEL

CHANGE      TM

A095 Acc1 to Acc2 frequency 
transition point

Output frequency at which 
Accel1 switches to Accel2, 
range is 0.00 to 400.0 Hz

✘ ✘ 0.0 0.0 0.0 Hz >A095 ACCEL

CHFr   0000.00Hz

A295 Acc1 to Acc2 frequency 
transition point, 2nd 
motor

Output frequency at which 
Accel1 switches to Accel2,  
range is 0.00 to 400.0 Hz 
(2nd motor)

✘ ✘ 0.0 0.0 0.0 Hz >A295 2ACCEL

CHFr   0000.00Hz

A096 Dec1 to Dec2 frequency 
transition point

Output frequency at which 
Decel1 switches to Decel2, 
range is 0.00 to 400.0 Hz

✘ ✘ 0.0 0.0 0.0 Hz >A096 DECEL

CHFr   0000.00Hz

A296 Dec1 to Dec2 frequency 
transition point, 2nd 
motor

Output frequency at which 
Decel1 switches to Decel2, 
range is 0.00 to 400.0 Hz
(2nd motor)

✘ ✘ 0.0 0.0 0.0 Hz >A296 2DECEL

CHFr   0000.00Hz
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Accel/Decel 
Characteristics

Standard (default) acceleration and deceleration is linear with time. The inverter CPU can also 
calculate other curves shown in the graphs below. The sigmoid, U-shape, and reverse U-shape 
curves are useful for favoring the load characteristics in particular applications. Curve settings 
for acceleration and deceleration are independently selected via parameters A097 and A098, 
respectively. You can use the same or different curve types for acceleration and deceleration.

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

time

Output frequency

Linear Sigmoid U-shape Reverse U-shape

Accel

A97

Decel

A98

00Set value
Curve

01 02 03

Linear acceleration 
and deceleration for 
general-purpose use

Avoid jerk on start/stop 
for elevators; use for 
delicate loads on con-
veyors

Tension control for winding applications, web 
presses, roller/accumulatorsTypical

applications

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A097 Acceleration curve 
selection

Set the characteristic curve 
of Accel1 and Accel2, four 
options:
00 Linear
01 S-curve
02 U-shape
03 Reverse U-shape

✘ ✘ 00 00 00 — >A097 ACCEL

LINE  Linear

A098 Deceleration curve 
selection

Set the characteristic curve 
of Decel1 and Decel2, four 
options:
00 Linear
01 S-curve
02 U-shape
03 Reverse U-shape

✘ ✘ 00 00 00 — >A098 DECEL

LINE  Linear
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The acceleration and deceleration curves can deviate from a straight line to a varying degree. 
Parameters A131 and A132 control the amount of deviation for the acceleration and decelera-
tion curves respectively. The following graphs show intermediate output frequency points as a 
percentage of the target frequency, for 25%, 50%, and 75% acceleration time intervals.

time

Output frequency

25 50 75

% of target

time

Output frequency

25 50 75

% of target

time

Output frequency

25 50 75

% of target

3.1
17.6

82.4
96.9
100 100 100

99.6
93.8
87.5
68.4
64.6

35.0

65.0

35.4
31.6

12.5
6.25
0.39

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A131 Acceleration curve 
constants setting

Sets the curve deviation 
from straight-line accelera-
tion in ten levels:
01 smallest deviation
10 largest deviation

✘ ✔ 02 02 02 — >A131 ACCEL

GAIN          02

A132 Deceleration curve 
constants setting

Sets the curve deviation 
from straight-line decelera-
tion in ten levels:
01 smallest deviation
10 largest deviation

✘ ✔ 02 02 02 — >A132 DECEL

GAIN          02
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Additional 
Analog Input 
Settings

The parameters in the following table adjust the input characteristics of the analog inputs. 
When using the inputs to command the inverter output frequency, these parameters adjust the 
starting and ending ranges for the voltage or current, as well as the output frequency range. 
Related characteristic diagrams are located in “Analog Input Settings” on page 3–11.

“A” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

A101 [OI]–[L] input active 
range start frequency

The output frequency corre-
sponding to the current input 
range starting point.
Range is 0.00 to 400.0 Hz

✘ ✔ 00.0 00.0 00.0 Hz >A101 INPUT-OI

EXS    0000.00Hz

A102 [OI]–[L] input active 
range end frequency

The output frequency corre-
sponding to the current input 
range ending point.
Range is 0.00 to 400.0 Hz

✘ ✔ 00.0 00.0 00.0 Hz >A102 INPUT-OI

EXE    0000.00Hz

A103 [OI]–[L] input active 
range start current

The starting point for the 
current input range.
Range is 0 to 100%

✘ ✔ 20. 20. 20. % >A103 INPUT-OI

EX%S        020%

A104 [OI]–[L] input active 
range end current

The ending point for the 
current input range.
Range is 0 to 100%

✘ ✔ 100. 100. 100. % >A104 INPUT-OI

EX%E        100%

A105 [OI]–[L] input start 
frequency enable

Two options:
00 Use A101 start value
01 Use 0Hz

✘ ✔ 01 01 01 Hz >A105 INPUT-OI

LEVEL     0Hz

A111 [O2]–[L] input active 
range start frequency

The output frequency corre-
sponding to the bipolar 
voltage input range starting 
point.
Range is –400. to 400. Hz

✘ ✔ 0.00 0.00 0.00 Hz >A111 INPUT-O2

EXS    +000.00Hz

A112 [O2]–[L] input active 
range end frequency

The output frequency corre-
sponding to the bipolar 
voltage input range ending 
point.
Range is –400. to 400. Hz

✘ ✔ 0.00 0.00 0.00 Hz >A112 INPUT-O2

EXE    +000.00Hz

A113 [O2]–[L] input active 
range start voltage

The starting point for the 
bipolar voltage input range. 
Range is –100 to 100%

✘ ✔ -100. -100. -100. % >A113 INPUT-O2

EX%S       -100%

A114 [O2]–[L] input active 
range end voltage

The ending point for the 
bipolar voltage input range. 
Range is –100 to 100%

✘ ✔ 100. 100. 100. % >A114 INPUT-O2

EX%E       +100%
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“B” Group: Fine-Tuning Functions
The “B” Group of functions and parameters adjust some of the more subtle but useful aspects 
of motor control and system configuration.

Automatic 
Restart Mode and 
Phase Loss

The restart mode determines how the inverter will resume operation after a fault causes a trip 
event. The four options provide advantages for various situations. Frequency matching allows 
the inverter to read the motor speed by virtue of its residual magnetic flux and restart the output 
at the corresponding frequency. The inverter can attempt a restart a certain number of times 
depending on the particular trip event:

• Over-current trip, restart up to 3 times

• Over-voltage trip, restart up to 3 times

• Under-voltage trip, restart up to 16 times

When the inverter reaches the maximum number of restarts (3 or 16), you must power-cycle the 
inverter to reset its operation.

Other parameters specify the allowable under-voltage level and the delay time before restarting. 
The proper settings depend on the typical fault conditions for your application, the necessity of 
restarting the process in unattended situations, and whether restarting is always safe.

Input 
power

Motor 
speed

Power failure

Inverter
output

Power failure > allowable power 
fail time (B002), inverter trips

Input 
power

Motor 
speed

Inverter
output

Power failure < allowable power fail 
time (B002), inverter resumes

Power failure

Retry wait time

Allowable
power fail time

Allowable
power fail time

free-runningfree-running

B002

B003

B002

t t0 0

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B001 Selection of automatic 
restart mode

Select inverter restart 
method, four option codes:
00 Alarm output after trip,        

automatic restart 
disabled

01 Restart at 0Hz
02 Resume operation after 

frequency matching
03 Resume previous freq. 

after freq. matching, then 
decelerate to stop and 
display trip info

✘ ✔ 00 00 00 — >b001 IPS

POWER        ALM
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CAUTION: When a loss of phase occurs, increased ripple current will markedly reduce main 
capacitor life over time. Diode bridge failure can also result. If phase loss occurs under load, 
the inverter could be damaged. Please pay particular attention to the setting of function B006.

Electronic 
Thermal Overload 
Alarm Setting

The thermal overload detection protects 
the inverter and motor from overheating 
due to an excessive load. It uses a current/
inverse time curve to determine the trip 
point. The thermal overload alarm [THM] 
is the resulting intelligent output.

First, use B013 to select the torque 
characteristic that matches your load. 
This allows the inverter to utilize the best 
thermal overload characteristic for your 
application.

B002 Allowable under-
voltage power failure 
time

The amount of time a power 
input under-voltage can 
occur without tripping the 
power failure alarm. If 
under-voltage exists longer 
than this time, the inverter 
trips, even if the restart 
mode is selected. If it exists 
less than this time retry will 
be attempted. Range is 0.3 to 
1.0 sec.

✘ ✔ 1.0 1.0 1.0 sec. >b002 IPS

TIME        1.0s

B003 Retry wait time before 
motor restart

Time delay after a trip 
condition goes away before 
the inverter restarts the 
motor.
Range is 0.3 to 100 seconds.

✘ ✔ 1.0 1.0 1.0 sec. >b003 IPS

WAIT      001.0s

B004 Instantaneous power 
failure / under-voltage 
trip alarm enable

Three option codes:
00 Disable
01 Enable
02 Disable during stop and 

ramp to stop

✘ ✔ 00 00 00 — >b004 IPS

TRIP        OFF

B005 Number of restarts on 
power failure / under-
voltage trip events

Two option codes:
00 Restart 16 times
01 Always restart

✘ ✔ 00 00 00 — >b005 IPS

RETRY       16

B006 Phase loss detection 
enable

Two option codes:
00 Disable – no trip on 

phase loss
01 Enable – trip on phase 

loss

✘ ✔ 00 00 00 — >b006 PH-FAIL

SELECT       OFF

B007 Restart frequency 
threshold

When the frequency of the 
motor is less than this value, 
the inverter will restart at 
0 Hz.
Range is 0.00 to 400.0 Hz

✘ ✔ 0.00 0.00 0.00 Hz >b007 IPS

F      0000.00Hz

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

Output frequency

Constant torque

Reduced
torque

B013=01

B013=00

Trip current 
reduction 

factor
x 1.0

x 0.8

x 0.6

0 5 20 60 120
Hz
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The torque developed in a motor is directly proportional to the current in the windings, which is 
also proportional to the heat generated (and temperature, over time). Therefore, you must set 
the thermal overload threshold in terms of current (amperes) with parameter B012. The range is 
50% to 120% of the rated current for each inverter model. If the current exceeds the level you 
specify, the inverter will trip and log an event (error E5) in the history table. The inverter turns 
the motor output OFF when tripped. Separate settings are available for the second and third 
motors (if applicable), as shown in the table below.

For example, suppose you have inverter model 
SJ300-110LFE. The rated motor current is 46A. 
The setting range is (0.2 * 46) to (1.2 *46), or 
9.2A to 55.2A. For a setting of B012 = 46A 
(current at 100%), the figure to the right shows 
the curve.

The electronic thermal characteristic adjusts the 
way the inverter calculates thermal heating, 
based on the type of load connected to the motor, 
as set by parameter B013.

CAUTION: When the motor runs at lower 
speeds, the cooling effect of the motor’s internal 
fan decreases.

The table below shows the torque profile settings. Use the one that matches your load.

Reduced Torque Characteristic – The example below shows the effect of the reduced torque 
characteristic curve (for example motor and current rating). At 20Hz, the output current is 
reduced by a factor of 0.8 for given trip times. 

Function
Code Function/Description Data or Range

B012 / B212 
/ B312

Electronic thermal setting (calculated 
within the inverter from current output) 

Range is 0.2 * rated current to
1.2 * rated current

Function Code Data Function/Description

B013 / B213 / B313

00 Reduced torque

01 Constant torque

02 Free-setting

Trip
time (s)

Trip current at 60 Hz

60

0.5

0
53.4 69 92

A

116% 150% 200%

Trip
time (s)

Reduced trip current at 20 Hz

Trip current 
reduction 

factor

x 1.0

x 0.8

x 0.6

0
5 20 60

Hz A

60

0.5

0
73.642.7 55.2

92.8% 120% 160%
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Constant Torque Characteristic – Selecting the constant torque characteristic for the example 
motor gives the curves below. At 2.5 Hz, the output current is reduced by a factor of 0.9 for 
given trip times.

Free Thermal Characteristic - It is possible to set the electronic thermal characteristic using a 
free-form curve defined by three data points, according to the table below.

The left graph below shows the region for possible free-setting curves. The right graph below 
shows an example curve defined by three data points specified by B015 – B020.

Suppose the electronic thermal setting (B012) is set to 44 Amperes. The left graph below shows 
the effect of the free setting torque characteristic curve. For example, at (B017) Hz, the output 
current level to cause overheating in a fixed time period is reduced by a factor of (B018). The 
right graph below shows the reduced trip current levels in those conditions for given trip times.

Function
Code

Name Description Range

B015 / B017 /
B019

Free-setting electronic 
thermal frequency 1, 2, 3

Data point coordinates for Hz axis 
(horizontal) in the free-form curve

0 to 400Hz

B016 / B018 /
B020

Free setting electronic 
thermal current 1, 2, 3

Data point coordinates for Ampere 
axis (vertical) in the free-form curve

0.0 = (disable)
0.1 to 1000.

Trip
time (s)

Reduced trip current at 2.5 Hz

Trip current 
reduction 

factor
x 1.0

x 0.9

x 0.8

0
2.5 5 60

Hz A

60

0.5

0
82.847.8 62.1

104% 135% 180%

Output
current (A)

Setting range

max. freq.

B020

B018

B016

B015 B017 B019 Ax04

Trip current 
reduction 

factor

Output freq.

x 1.0

x 0.8

0
5 400

Hz Hz0

Trip
time (s)

(x) = B018 value x 116%
(y) = B018 value x 120%
(z) = B018 value x 150%

Reduced trip current at (B017) Hz

60

0

0.5

(x) (y) (z)
A
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Any intelligent output terminal may be programmed to indicate a thermal warning [THM]. 
Parameter C061 determines the warning threshold. Please see “Thermal Warning Signal” on 
page 4–55 for more details.

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B012 Level of electronic 
thermal setting

Set a level between 50% and 
120% of the inverter rated 
current

✘ ✔ rated current for 
each inverter model

% >b012 E-THM

LEVEL    0016.5A

B212 Level of electronic 
thermal setting, 2nd 
motor

Set a level between 50% and 
120% of the  inverter rated 
current

✘ ✔ rated current for 
each inverter model

% >b212 2E-THM

LEVEL    0016.5A

B312 Level of electronic 
thermal setting, 3rd 
motor

Set a level between 50% and 
120% of the inverter rated 
current

✘ ✔ rated current for 
each inverter model

% >b312     3E-THM

LEVEL    0016.5A

B013 Electronic thermal 
characteristic

Select from three curves, 
option codes:
00 Reduced torque
01 Constant torque
02 V/f free-setting

✘ ✔ 01 01 00 — >b013 E-THM

CHAR        CRT

B213 Electronic thermal 
characteristic, 2nd 
motor

Select from three curves, 
option codes:
00 Reduced torque
01 Constant torque
02 V/f free-setting

✘ ✔ 01 01 00 — >b213 2E-THM

CHAR        CRT

B313 Electronic thermal 
characteristic, 3rd motor

Select from three curves, 
option codes:
00 Reduced torque
01 Constant torque
02 V/f free-setting

✘ ✔ 01 01 00 — >b313 3E-THM

CHAR        CRT

B015 Free setting, electronic 
thermal frequency (1) 

Range is 0.0 to 400.0 Hz ✘ ✔ 0. 0. 0. Hz >b015 E-THM

F1        0000Hz

B016 Free setting, electronic 
thermal current (1)

Range is 0.0 to 1000. A ✘ ✔ 0.0 0.0 0.0 A >b016 E-THM

A1       0000.0A

B017 Free setting, electronic 
thermal frequency (2)

Range is 0.0 to 400.0 Hz ✘ ✔ 0. 0. 0. Hz >b017 E-THM

F2        0000Hz

B018 Free setting, electronic 
thermal current (2)

Range is 0.0 to 1000. A ✘ ✔ 0.0 0.0 0.0 A >b018 E-THM

A2       0000.0A

B019 Free setting, electronic 
thermal frequency (3)

Range is 0.0 to 400.0 Hz ✘ ✔ 0. 0. 0. Hz >b019 E-THM

F3        0000Hz

B020 Free setting, electronic 
thermal current (3)

Range is 0.0 to 1000. A ✘ ✔ 0.0 0.0 0.0 A >b020 E-THM

A3       0000.0A
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Overload
Restriction

If the inverter’s output current exceeds a 
preset current level you specify during 
acceleration or constant speed, the 
overload restriction feature automati-
cally reduces the output frequency to 
restrict the overload. This feature does 
not generate an alarm or trip event. You 
can instruct the inverter to apply 
overload restriction only during 
constant speed, thus allowing higher 
currents for acceleration. Or, you may 
use the same threshold for both acceler-
ation and constant speed. In the case of 
controlled deceleration, the inverter monitors both output current and DC bus voltage. The 
inverter will increase output frequency to try to avoid a trip due to over-current or over-voltage 
(due to regeneration).

When the inverter detects an overload, it must decelerate the motor to reduce the current until it 
is less than the threshold. You can choose the rate of deceleration that the inverter uses to lower 
the output current. 

Motor 
Current

Output
Frequency

B023

B022

t

restriction area

0
t

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B021 Overload restriction 
operation mode

Select the operating mode 
during overload conditions, 
four options, option codes:
00 Disabled
01 Enabled for acceleration 

and constant speed
02 Enabled for constant 

speed only
03 Enabled for accel, decel, 

and constant speed

✘ ✔ 01 01 01 — >b021 OLOAD

1MODE        ON

B022 Overload restriction 
setting

Sets the level for overload 
restriction, between 50% 
and 200% of the rated 
current of the inverter, 
setting resolution is 1% of 
rated current

✘ ✔ rated current times 
1.50

A >b022 OLOAD

1LEVEL   0024.8A

B023 Deceleration rate at 
overload restriction

Sets the deceleration rate 
when inverter detects 
overload, range is 0.1 to 
30.0, resolution is 0.1.

✘ ✔ 1.00 1.00 1.00 sec. >b023 OLOAD

1CONST     01.00

B024 Overload restriction 
operation mode (2)

Select the operating mode 
during motor overload 
conditions, four options,  
option codes:
00 Disabled
01 Enabled for acceleration 

and constant speed
02 Enabled for constant 

speed only
03 Enabled for accel, decel, 

and constant speed

✘ ✔ 01 01 01 — >b024 OLOAD

2MODE        ON
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NOTE: Two sets of overload restriction parameters are available. The set that is in use may be 
selected by means of an intelligent input terminal (see “Overload Restriction” on page 4–35).

B025 Overload restriction 
setting (2)

Sets the level for overload 
restriction (2), between 50% 
and 200% of the rated 
current of the inverter, 
setting resolution is 1% of 
rated current

✘ ✔ rated current times 
1.50

A >b025 OLOAD

2LEVEL   0024.8A

B026 Deceleration rate at 
overload restriction (2)

Sets the deceleration rate (2) 
when inverter detects 
overload, range is 0.1 to 
30.0, resolution is 0.1.

✘ ✔ 1.00 1.00 1.00 sec. >b026 OLOAD

2CONST     01.00

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)
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Software Lock 
Mode

The software lock function keeps personnel from accidentally changing parameters in the 
inverter memory. Use B031 to select from various protection levels.

The table below lists all combinations of B031 option codes and the 
ON/OFF state of the [SFT] input. Each Check ✔ or Ex ✘ indicates 
whether the corresponding parameter(s) can be edited. The Standard 
Parameters column below lists Low and High level access for some 
lock modes. These refer to the parameter tables throughout this 
chapter, each of which includes a column titled Run Mode Edit as 
shown to the right. The two marks (Check ✔ or Ex ✘) under the “Lo 
Hi” subtitle indicate whether Low-level and/or High-level access 
applies to each parameter as defined in the table below. In some lock modes, you can edit only 
F001 and the Multi-speed parameter group that includes A020, A220, A320, A021–A035, and 
A038 (Jog). However, it does not include A019, Multi-speed operation selection. The editing 
access to B031 itself is unique, and is specified in the right-most two columns below.

NOTE: Since the software lock function B031 is always accessible when the motor is stopped, 
this feature is not the same as password protection used in other industrial control devices.

NOTE: To disable parameter editing when using B031 lock modes 00 and 01, assign the [SFT] 
function to one of the intelligent input terminals. See “Software Lock” on page 4–25.

B031 
Lock 
Mode

[SFT] 
Intelligent 

Input

Standard Parameters
F001 and 

Multi-speed
B031

Stop Run Stop or Run Stop Run

00 OFF ✔ Low-level ✔ ✔ ✘

ON ✘ ✘ ✘ ✔ ✘

01 OFF ✔ Low-level ✔ ✔ ✘

ON ✘ ✘ ✔ ✔ ✘

02 (ignored) ✘ ✘ ✘ ✔ ✘

03 (ignored) ✘ ✘ ✔ ✔ ✘

10 (ignored) ✔ High-level ✔ ✔ ✔

Run 
Mode 
Edit

Lo Hi

✘ ✔

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–F
(Jpn)

B031 Software lock mode 
selection

Prevents parameter changes 
in five options:
00 Low-level access, [SFT] 

input blocks all edits
01 Low-level access, [SFT] 

input blocks edits 
(except F001 and Multi-
speed parameters)

02 No access to edits
03 No access to edits except 

F001 and Multi-speed 
parameters

10 High-level access, 
including B031

✘ ✔ 01 01 01 — >b031 S-LOCK

Mode        MD1
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Miscellaneous 
Settings

The miscellaneous settings include scaling factors, initialization modes, and others. This 
section covers some of the most important settings you may need to configure.

Function Code Display Restriction – The inverter has the (optional) capability to suppress the 
display and editing of certain parameters. Use B037 to select the display options. The purpose 
of this feature is to hide particular secondary parameters that become unused or not applicable 
based on more fundamental parameter settings. For example, setting A001 = 01 configures the 
inverter to get its frequency command from the front keypad potentiometer. In this case, the 
inverter will not use the analog inputs nor their adjustment parameters for an external frequency 
command.

For example, you can set B037=01 to have the inverter suppress the displaying of all analog 
input parameters when A001=01, as shown in the first row of the following table.       

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B034 Run/power-on warning 
time

Range is 0 to 65,530 hours ✘ ✔ 0. 0. 0. hrs. >b034 TIME

WARN       00000

B035 Rotational direction 
restriction

Three option codes:
00 Enable for both dir.
01 Enable for forward only
02 Enable for reverse only

✘ ✘ 00 00 00 — >b035 LIMIT

F/R         FREE

B036 Reduced voltage start 
selection

Seven option codes:
00 Short
01, 02, 03, 04, 05 (middle)
06 Long

✘ ✔ 06 06 06 — >b036 RVS

ADJUST        06

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–F
(Jpn)

B037 Function code display 
restriction

Three option codes:
00 Display all
01 Display only utilized 

functions (see table 
below)

02 Display user-selected 
functions only (con-
figure with U01 to U12)

✘ ✔ 00 00 00 — >b037 DISP

Mode    ALL

Function 
Code

Data Resulting Non-displayed 
Functions (when B37 = 01)

Notes

A001 01 A005, A006, A011 – A016, 
A101 – A114, C081 – C083, 
C121 – C123

[O], [OI], [O2] terminal 
functions

A002 01, 03, 04, 
05

B087 Stop key function

A019 00 A028 – A035 Multi-speed function

C001 – C008 02, 03, 04, 
05
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Function 
Code

Data
Resulting Non-displayed 

Functions (when B37 = 01)
Notes

A044, A244 02 B100 – B113 Control methods

A051 01 A052 – A059 DC braking

A071 01 A072 – A076, C044 PID function

A094 01 A095 – A096 2-stage adjustable frequency

A294 01 A0295 – A296

B013, B213, 
B313

02 B015 – B020 Electric thermal characteris-
tic

B021 01, 02 B022, B023 Overload restriction

B024 01, 02 B025, B026 Overload restriction 2

B095 01, 02 B090 – B096 Dynamic braking function

C001 – C008

06 A038, A039 Jogging

08

F202, F203, A203, A204, A220, 
A241 – A244, A261, A262, 
A292 – A296, B212, B213, H202 
– H206, H220 – H224, H230 – 
H234, H250 – H252, H260

2nd motor control

11 B088 Free-run stop

17 F302, F303, A303, A304, A320, 
A342 – A344, A392, A393, 
B312, B313, H306

3rd motor control

18 C102 Reset

27, 28, 29 C101 UP/DWN

A044
00, 01 A041 – A043 Torque boost function

04 H060 0Hz domain SLV limiter

A244
00, 01 A241 – A243 Torque boost function

04 H260 0Hz SLV limiter

A044

03, 04, 05 B040 – B046, H001, H070 – 
H072, H002, H005, H020 – 
H024, H030 – H034, H050 – 
H052, H060

Vector control

A244

03, 04 B040 – B046, H001, H070 – 
H072, H202, H205, H220 – 
H224, H230 – H234, H250 – 
H252, H260

Vector control

A097 01, 02, 03 A131 Acceleration pattern constant

A098 01, 02, 03 A132 Deceleration pattern constant

B098 01, 02 B099, C085 Thermistor function

B050 01 B051 – B054 Instantaneous power failure

B120 01 B121 – B126 External brake control
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Function 
Code

Data
Resulting Non-displayed 

Functions (when B37 = 01)
Notes

C021 – C025, 
C026

02, 06 C042, C043 Frequency arrival signal

03 C040, C041 Overload advance notice

07 C055 – C058 Over-torque

21 C063 Zero-speed detection signal

24, 25 C045, C046 Frequency arrival signal

26 C011 Overload advance notice 2

H002 00 H020 – H024 Motor constant

01, 02 H030 – H034 Motor constant (auto-tuning)

H202 00 H220 – H224 Motor constant

01, 02 H023 – H0234 Motor constant (auto-tuning)

P010 01 P011 – P023, P025 – P027 Expansion card function

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B040 Torque limit selection Five option codes:
00 4-quadrant mode
01 Selected by 2 input 

terminals (see p. 4–37)
02 From analog [O2] input 

(0 to 10V = 0 to 200%)
03 From expansion card 1
04 From expansion card 2

✘ ✔ 00 00 00 — >b040 TRQ-LIMIT

Mode       4-SET

B041 Torque limit (1) 
(forward-driving in 4-
quadrant mode) 

Range is 0 to 200%
(torque limit disabled)

✘ ✔ 150. 150. 150. % >b041  RQ-LIMIT

LEVEL1      150%

B042 Torque limit (2) 
(reverse-regenerating in 
4-quadrant mode)

Range is 0 to 200%
(torque limit disabled)

✘ ✔ 150. 150. 150. % >b042 TRQ-LIMIT

LEVEL2      150%

B043 Torque limit (3) 
(reverse-driving in 4-
quadrant mode)

Range is 0 to 200%
(torque limit disabled)

✘ ✔ 150. 150. 150. % >b043 TRQ-LIMIT

LEVEL3      150%

B044 Torque limit (4) 
(forward-regenerating 
in 4-quadrant mode)

Range is 0 to 200%
(torque limit disabled)

✘ ✔ 150. 150. 150. % >b044 TRQ-LIMIT

LEVEL4      150%

B045 Torque limit LADSTOP 
enable

Temporarily stops accel/
decel ramps during torque 
limit. Available for SLV, 0 
Hz domain, or vector control 
with feedback mode.
Two option codes:
00 Disable
01 Enable

✘ ✔ 00 00 00 — >b045 TRQ-LIMIT

SELECT       OFF
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Controlled Deceleration at Power Loss – When enabled, this feature permits the inverter to 
control final motor deceleration upon loss of inverter input power. First, you must make a 
wiring change to the inverter. See “Optional Controlled Decel and Alarm at Power Loss” on 
page 4–4 for complete instructions including wiring and signal timing diagrams for using the 
controlled deceleration at power loss feature.

After making the wiring change, use function B050 to enable the feature. Use B051 to deter-
mine the point at which a decaying DC bus voltage will trigger the controlled deceleration. Use 
parameter B054 to specify an initial step-wise deceleration at power loss, and B053 to specify 
the duration of the linear deceleration.

During the controlled deceleration the inverter itself acts as a load to decelerate the motor. With 
either a high-inertia load or a short deceleration time (or both), it is possible that the inverter 
impedance will not be low enough to continue linear deceleration and avoid an over-voltage 
condition on the DC bus. Use parameter B052 to specify a threshold for the over-voltage. In 
this case, the inverter pauses deceleration (runs at constant speed). When the DC bus decays 
again below the threshold, linear deceleration resumes. The pause/resume process will repeat as 
necessary until the DC bus energy is depleted (under-voltage condition occurs).

B046 Reverse Run protection 
enable

Prohibits reverse motor 
rotation. Two option codes:
00 Disable
01 Enable

✘ ✔ 00 00 00 — >b046 LIMIT

PREV         OFF

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B050 Controlled deceleration 
and stop on power loss

Allows inverter control 
using regenerative energy to 
decelerate after loss of input 
power (requires jumper 
change)
Two option codes:
00 Disable
01 Enable

✘ ✘ 00 00 00 — >b050 IPS-DECEL

Mode         OFF

B051 DC bus voltage trigger 
level during power loss

Sets trigger for controlled 
deceleration and stop on 
power loss function.
Range is 0.0 to 1000.V

✘ ✘ 0.0 0.0 0.0 VDC >b051 IPS-DECEL

V1     0000.0Vdc

B052 Over-voltage threshold 
during power loss

Sets over-voltage threshold 
for controlled deceleration 
function.
Range is 0.0 to 1000.V

✘ ✘ 0.0 0.0 0.0 VDC >b052 IPS-DECEL

V2     0000.0Vdc

B053 Deceleration time 
setting during power 
loss

Range is 0.01 to 99.99 sec. /
100.0 to 999.9 sec. /
1000 to 3600 sec.

✘ ✘ 1.00 1.00 1.00 sec. >b053 IPS-DECEL

TIME    0001.00s

B054 Initial output frequency 
decrease during power 
loss

Sets the initial decrease in 
output frequency upon 
power loss.
Range is 0.00 to 10.00 Hz

✘ ✘ 0.00 0.00 0.00 Hz >b054 IPS-DECEL

DEC-F    00.00Hz
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Miscellaneous functions, continued...

B083: Carrier frequency adjustment – The internal switching frequency of the inverter 
circuitry (also called the chopper frequency). It is called the carrier frequency because the 
lower AC output frequency of the inverter “rides” the carrier. The faint, high-pitched sound 
you hear when the inverter is in Run Mode is characteristic of switching power supplies in 
general. The carrier frequency is adjustable from 500 Hz to 15 kHz (the upper limit varies, 
depending on the inverter rating). The audible sound decreases at the higher frequencies, but 
RFI noise and leakage current may be increased. Refer to the specification derating curves in 
Chapter 1 to determine the maximum allowable carrier frequency setting for your particular 
inverter and environmental conditions.

NOTE: When the inverter is in sensorless vector mode, use B083 to set the carrier frequency 
greater than 2.1 kHz for proper operation.

NOTE: The carrier frequency setting must stay within specified limits for inverter-motor appli-
cations that must comply with particular regulatory agencies. For example, a European CE-
approved application requires the inverter carrier to be less than 5 kHz.

B084, B085: Initialization codes – These functions allow you to restore the factory default 
settings. Please refer to “Restoring Factory Default Settings” on page 6–9.

B086: Frequency display scaling – You can convert the output frequency monitor on D001 to 
a scaled number (engineering units) monitored at function D007. For example, the motor may 
run a conveyor that is monitored in feet per minute. Use this formula:

Scaled output frequency (D007) Output frequency (D001) Factor (B086)×=

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B080 [AM] terminal analog 
meter adjustment

Adjust 8-bit gain to analog 
meter connected to terminal 
[AM], range is 0 to 255

✔ ✔ 180 180 180 — >b080 AM-MONITOR

ADJUST       180

B081 [FM] terminal analog 
meter adjustment

Adjust 8-bit gain to analog 
meter connected to terminal 
[FM], range is 0 to 255

✔ ✔ 60 60 60 — >b081 FM-MONITOR

ADJUST       060

B082 Start frequency adjust-
ment

Sets the starting frequency 
for the inverter output, range 
is 0.10 to 9.99 Hz

✘ ✔ 0.50 0.50 0.50 Hz >b082 fmin

F        00.50Hz

B083 Carrier frequency 
setting

Sets the PWM carrier (inter-
nal switching frequency) 
Range is 0.5 to 15.0 kHz, or 
0.5 to 10 kHz when derated

✘ ✔ 5.0 5.0 5.0 kHz >b083 CARRIER

F        05.0kHz

B084 Initialization mode 
(parameters or trip 
history)

Select the type of initializa-
tion to occur, three option 
codes:
00 Trip history clear
01 Parameter initialization
02 Trip history clear and 

parameter initialization

✘ ✘ 00 00 00 — >b084 INITIAL

MODE    TRP
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B085 Country code for initial-
ization

Select default parameter 
values for country on initial-
ization, four option codes:
00 Japan version
01 Europe version
02 US version
03 reserved (do not set)

✘ ✘ 01 02 00 — >b085 INITIAL

SELECT       USA

B86 Frequency scaling 
conversion factor

Specify a constant to scale 
D007 to display in engineer-
ing units.
Range is 0.1 to 99.9

✔ ✔ 1.0 1.0 1.0 — >b086 F-CONV

Gain       001.0

B087 STOP key enable Select whether the STOP 
key on the keypad is enabled 
(req. A002=01, 03, 04, or 
05). Two option codes:
00 Enable
01 Disable

✘ ✔ 00 00 00 — >b087 STOP-SW

SELECT       ON

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)
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B091/B088: Stop Mode / Restart Mode Configuration – You can configure how the inverter 
performs a standard stop (each time Run FWD and REV signals turn OFF). Setting B091 deter-
mines whether the inverter will control the deceleration, or whether it will perform a free-run 
stop (coast to a stop). When using the free-run stop selection, it is imperative to also configure 
how you want the inverter to resume control of motor speed. Setting B088 determines whether 
the inverter will ensure the motor always resumes at 0 Hz, or whether the motor resumes from 
its current coasting speed (also called frequency matching). The Run command may turn OFF 
briefly, allowing the motor to coast to a slower speed from which normal operation can resume.

In most applications a controlled deceleration is desirable, corresponding to B091=00. 
However, applications such as HVAC fan control will often use a free-run stop (B091=01). This 
practice decreases dynamic stress on system components, prolonging system life. In this case, 
you will typically set B088=01 in order to resume from the current speed after a free-run stop 
(see diagram below, right). Note that using the default setting, B088=00, can cause trip events 
when the inverter attempts to force the load quickly to zero speed.

NOTE: Other events can cause (or be configured to cause) a free-run stop, such as power loss 
(see “Automatic Restart Mode and Phase Loss” on page 3–29), and inverter trip events in 
general (see “Miscellaneous Functions” on page 3–61). If all free-run stop behavior is impor-
tant to your application (such as HVAC), be sure to configure each event accordingly.

Some additional parameters further configure all instances of a free-run stop. Parameter B003, 
Retry Wait Time Before Motor Restart, sets the minimum time the inverter will free-run. For 
example, if B003 = 4 seconds (and B091=01) and the cause of the free-run stop lasts 10 
seconds, the inverter will free-run (coast) for a total of 14 seconds before driving the motor 
again. Parameter B007, Restart Frequency Threshold, sets the motor frequency at which the 
inverter will no longer resume and accelerate, instead resuming from 0 Hz (complete stop).

Motor 
speed

[FW, RV]

Zero-frequency start
Motor 
speed

Resume from current speed

wait time

[FW, RV]

B003

B088=01B088=00 Resume from 0Hz

B091=01 Stop Mode = free-run stopB091=01 Stop Mode = free-run stop

t t

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B088 Restart mode after FRS Selects how the inverter 
resumes operation when the 
free-run stop (FRS) is 
cancelled, two option codes:
00 Restart from 0Hz
01 Restart from frequency  

detected from actual 
speed of motor

✘ ✔ 00 00 00 — >b088 RUN

FRS          ZST
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B090: Dynamic braking usage ratio – This parameter limits the amount of time the inverter 
can use the dynamic braking accessory device without entering the Trip Mode. Please refer to 
“Dynamic Braking” on page 5–6 for more information on dynamic braking accessories.

NOTE: When cooling fan control is enabled (B092=01) the inverter always turns the fan ON 
for 5 minutes immediately after powerup. This will cool the inverter in case the inverter / motor 
is still warm from prior running before a short power outage.

B090 Dynamic braking usage 
ratio

Selects the braking duty 
cycle for the dynamic 
braking resistor (total brake 
% ON-time per 100 sec. 
interval).
Range is 0.0 to 100.0%
0%Dynamic braking 

disabled
>0% Enabled, per value

✘ ✔ 00 00 00 — >b090 BRD

%ED       000.0%

B091 Stop mode selection Selects how the inverter 
stops the motor, two option 
codes:
00 DEC (decelerate and 

stop)
01 FRS (free run to stop)

✘ ✘ 00 00 00 — >b091 RUN

STOP         DEC

B092 Cooling fan control
(see note below)

Two option codes:
00 Fan always ON
01 Fan ON during RUN, 

OFF during STOP

✘ ✘ 00 00 00 — >b092 INITIAL

FAN-CTL      OFF

B095 Dynamic braking 
control

Three option codes:
00 Disable
01 Enable during RUN only
02 Enable always

✘ ✔ 00 00 00 — >b095 BRD

Mode   OFF

B096 Dynamic braking 
activation level

Range is:
330 to 380V (200V class),
660 to 760V (400V class)

✘ ✔ 360/
720

360/
720

360/
720

V >b096 BRD

LEVEL     360Vdc

B098 Thermistor for thermal 
protection control

Three option codes:
00 Disable
01 Enable-PTC thermistor
02 Enable-NTC thermistor

✘ ✔ 00 00 00 — >b098 THERM

SELECT       OFF

B099 Thermal protection 
level setting

Thermistor resistance 
threshold at which trip 
occurs.
Range is 0.0 to 9999 Ohms

✘ ✔ 3000 3000 3000 Ohms >b099 THERM

LEVEL    3000ohm

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)
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Free-setting
V/f Pattern

The free-setting V/f inverter mode of operation uses voltage and frequency parameter pairs to 
define seven points on a V/f graph. This provides a way to define a multi-segment V/f curve 
that best suits your application.

The frequency settings do require that F1 ≤ F2 ≤ F3 ≤ F4 ≤ F5 ≤ F6 ≤ F7; their values must have 
this ascending order relationship. To satisfy this criterion during initial parameter editing, set 
F7 (B012) and work backwards when setting these values, since the defaults are all 0 Hz. 
However, the voltages V1 to V7 may either increase or decrease from one to the next. There-
fore, you may set these parameters in any order.

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B100 Free-setting V/f
frequency (1)

V/f point 1, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b101 FREE-V/F

V1        000.0V

B101 Free-setting V/f
voltage (1)

V.F point 1, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b102 FREE-V/F

F1        0000Hz

B102 Free-setting V/f
frequency (2)

V/f point 2, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b103 FREE-V/F

V2        000.0V

B103 Free-setting V/f
voltage (2)

V.F point 2, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b104 FREE-V/F

F2        0000Hz

B104 Free-setting V/f
frequency (3)

V/f point 3, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b105 FREE-V/F

V3        000.0V

B105 Free-setting V/f
voltage (3)

V.F point 3, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b106 FREE-V/F

F3        0000Hz

B106 Free-setting V/f
frequency (4)

V/f point 4, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b107 FREE-V/F

V4        000.0V

B107 Free-setting V/f
voltage (4)

V.F point 4, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b108 FREE-V/F

F4        0000Hz

B108 Free-setting V/f
frequency (5)

V/f point 5, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b109 FREE-V/F

V5        000.0V

B109 Free-setting V/f
voltage (5)

V.F point 5, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b110 FREE-V/F

F5        0000Hz

B110 Free-setting V/f
frequency (6)

V/f point 6, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b111 FREE-V/F

V6        000.0V

B111 Free-setting V/f
voltage (6)

V.F point 6, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b112 FREE-V/F

F6        0000Hz

B112 Free-setting V/f
frequency (7)

V/f point 7, frequency 
coordinate

✘ ✘ 0. 0. 0. Hz >b113 FREE-V/F

V7        000.0V

B113 Free-setting V/f
voltage (7)

V.F point 7, voltage coordi-
nate

✘ ✘ 0.0 0.0 0.0 V >b114 FREE-V/F

F7        0000Hz
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External Brake 
Control

The brake control function in the inverter controls external braking used in systems such as 
elevators. The purpose of this function is to ensure the inverter is powering the motor before 
releasing external brakes that would permit the load to move or coast. This function requires the 
configuration and wiring of intelligent input and output terminals. See “External Brake Control 
Function” on page 4–39 for more information.

“B” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

B120 Brake Control Enable Two option codes:
00 Enable)
01 Disable

✘ ✔ 00 00 00 — >b120 BRAKE

Mode         OFF

B121 Brake Wait Time for 
Release

Sets time delay between 
arrival at release frequency 
and the brake release signal.
Range is 0.00 to 5.00 sec.

✘ ✔ 0.00 0.00 0.00 sec. >b121 BRAKE

STA-WAIT   0.00s

B122 Brake Wait Time for 
Acceleration

Sets time delay after brake 
confirmation signal is 
received until the inverter 
begins acceleration
Range is 0.00 to 5.00 sec.

✘ ✔ 0.00 0.00 0.00 sec. >b122 BRAKE

ACC-WAIT   0.00s

B123 Brake Wait Time for 
Stopping

Sets time delay after brake 
confirmation signal turns 
OFF until decelerating the 
inverter to 0 Hz.
Range is 0.00 to 5.00 sec.

✘ ✔ 0.00 0.00 0.00 sec. >b123 BRAKE

STP-WAIT   0.00s

B124 Brake Wait Time for 
Confirmation

Sets the wait time for confir-
mation after turn ON/OFF of 
brake release. If confirma-
tion is not received during 
the specified wait time, the 
inverter will trip with an 
external brake error.
Range is 0.00 to 5.00 sec.

✘ ✔ 0.00 0.00 0.00 sec. >b124 BRAKE

BRK-WAIT   0.00s

B125 Brake Release 
Frequency Setting

Sets the frequency at which 
the inverter will output the 
brake release signal after 
delay set by B121.
Range is 0.00 to 99.99 /
100.0 to 400.0Hz

✘ ✔ 0.00 0.00 0.00 Hz >b125 BRAKE

OPEN-F  000.00Hz

B126 Brake Release Current 
Setting

Sets the minimum inverter 
current level above which 
the brake release signal will 
be permitted.
Range is 0% to 200% of 
rated current

✘ ✔ Rated current for 
each inverter model

A >b126 BRAKE

OPEN-A   00.16.5A

[BRK] Brake release

[BOK] Brake confirmation
Inverter External Brake 

System

Emergency Brake
(or alarm, etc.)

[BER] Brake error
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“C” Group: Intelligent Terminal Functions
The eight input terminals [1], [2], [3], [4], [5], [6], [7], and [8] can be configured for any of 44 
different functions. The next two tables show how to configure the eight terminals. The inputs 
are logical, in that they are either OFF or ON. We define these states as OFF=0, and ON=1.

The inverter comes with default options for the eight terminals. These default settings are 
initially unique, each one having its own setting. Note that European and US versions have 
different default settings. You can use any option on any terminal, and even use the same option 
twice to create a logical OR (though usually not required).

Input Terminal 
Configuration

Functions and Options –The function codes in the following table let you assign one of 44 
options to any of the eight logic inputs for the SJ300 inverters. The functions C001 through 
C008 configure the terminals [1] through [8] respectively. The “value” of these particular 
parameters is not a scalar value, but it is a discrete number that selects one option from many 
available options.

For example, if you set function C001=01, you have assigned option 01 (Reverse Run) to 
terminal [1]. The option codes and the specifics of how each one works are in Chapter 4.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C001 Terminal [1] function

44 programmable 
functions available 
for terminals (see 
next section)

✘ ✔ 18
[RS]

18
[RS]

18
[RS]

— >C001 IN-TM

1          RS

C002 Terminal [2] function ✘ ✔ 16
[AT]

16
[AT]

16
[AT]

— >C002 IN-TM

2          AT

C003 Terminal [3] function ✘ ✔ 06
[JG]

06
[JG]

06
[JG]

— >C003 IN-TM

3          JG

C004 Terminal [4] function ✘ ✔ 11
[FRS]

11
[FRS]

11
[FRS]

— >C004 IN-TM

4          FRS

C005 Terminal [5] function ✘ ✔ 09
[2CH]

09
[2CH]

09
[2CH]

— >C005 IN-TM

5          2CH

C006 Terminal [6] function ✘ ✔ 03
[CF2]

13
[USP]

03
[CF2]

— >C006 IN-TM

6          USP

C007 Terminal [7] function ✘ ✔ 02
[CF1]

02
[CF1]

02
[CF1]

— >C007 IN-TM

7          CF1

C008 Terminal [8] function ✘ ✔ 01
[RV]

01
[RV]

01
[RV]

— >C008 IN-TM

8          RV
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The input logic convention is programmable for each of the six inputs. Most inputs default to 
normally open (active high), but you can select normally closed (active low) in order to invert 
the sense of the logic.

NOTE: An input terminal configured for option code 18 ([RS] Reset command) cannot be 
configured for normally closed operation.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C011 Terminal [1] active state

Select logic convention, 
two option codes:
00 normally open N.O.
01 normally closed N.C.

✘ ✔ 00 00 00 — >C011 IN-TM

O/C-1         NO

C012 Terminal [2] active state ✘ ✔ 00 00 00 — >C012 IN-TM

O/C-2         NO

C013 Terminal [3] active state ✘ ✔ 00 00 00 — >C013 IN-TM

O/C-3         NO

C014 Terminal [4] active state ✘ ✔ 00 00 00 — >C014 IN-TM

O/C-4         NO

C015 Terminal [5] active state ✘ ✔ 00 00 00 — >C015 IN-TM

O/C-5         NO

C016 Terminal [6] active state ✘ ✔ 00 01 00 — >C016 IN-TM

O/C-6         NO

C017 Terminal [7] active state ✘ ✔ 00 00 00 — >C017 IN-TM

O/C-7         NO

C018 Terminal [8] active state ✘ ✔ 00 00 00 — >C018 IN-TM

O/C-8         NO

C019 Terminal [FW] active 
state

✘ ✔ 00 00 00 — >C019 IN-TM

O/C-FW        NO
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Intelligent Input 
Terminal 
Overview

Each of the eight intelligent terminals may be assigned any of the options in the following 
table. When you program one of the option codes for terminal assignments C001 to C008, the 
respective terminal assumes the function role of that option code. The terminal functions have a 
symbol or abbreviation, which we use to label a terminal using that function. For example the 
“Reverse Run” command is [RV]. The physical label on the terminal block connector is simply 
1, 2, 3, 4, 5, 6, 7, or 8. However, schematic examples in this manual also use the terminal 
function symbol (such as [RV]) to show the assigned option. The option codes for C011 to 
C019 determine the active state of the logical input (active high or active low).

Summary Table - This table shows all forty-four intelligent input functions at a glance. 
Detailed descriptions of these functions, related parameters and settings, and example wiring 
diagrams are in “Using Intelligent Input Terminals” on page 4–11.

Input Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description

01 RV Reverse Run/Stop ON Inverter is in Run Mode, motor runs reverse

OFF Inverter is in Stop Mode, motor stops

02 CF1 Multi-speed select,
Bit 0 (LSB)

ON Binary encoded speed select, Bit 0, logical 1

OFF Binary encoded speed select, Bit 0, logical 0

03 CF2 Multi-speed select,
Bit 1

ON Binary encoded speed select, Bit 1, logical 1

OFF Binary encoded speed select, Bit 1, logical 0

04 CF3 Multi-speed select,
Bit 2

ON Binary encoded speed select, Bit 2, logical 1

OFF Binary encoded speed select, Bit 2, logical 0

05 CF4 Multi-speed select,
Bit 3 (MSB)

ON Binary encoded speed select, Bit 3, logical 1

OFF Binary encoded speed select, Bit 3, logical 0

06 JG Jogging ON Inverter is in Run Mode, output to motor runs at jog 
parameter frequency A038

OFF Inverter is in Stop Mode

07 DB External DC Braking ON DC braking will be applied during deceleration

OFF DC braking will not be applied

08 SET Set (select) 2nd Motor 
Data

ON The inverter uses 2nd motor parameters for generat-
ing frequency output to motor

OFF The inverter uses 1st (main) motor parameters for 
generating frequency output to motor

09 2CH 2-stage Acceleration 
and Deceleration

ON Frequency output uses 2nd-stage acceleration and 
deceleration values

OFF Frequency output uses standard acceleration and 
deceleration values

11 FRS Free-run Stop ON Causes output to turn OFF, allowing motor to free run 
(coast) to stop

OFF Output operates normally, so controlled deceleration 
stops motor

12 EXT External Trip ON When assigned input transitions OFF to ON, inverter 
latches trip event and displays E12

OFF No trip event for ON to OFF transition; any recorded 
trip events remain in history until Reset

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 542 of 2133



“C” Group: Intelligent Terminal Functions

C
on

fig
ur

in
g 

D
riv

e 
P

ar
am

et
er

s
3–50

13 USP Unattended Start 
Protection

ON On powerup, the inverter will not resume a Run 
command (mostly used in the US)

OFF On powerup, the inverter will resume a RUN 
command that was active before power loss

14 CS Commercial Power 
Source

ON OFF-to-ON transition signals the inverter that the 
motor is already running at powerup (via bypass), 
thus suppressing the inverter’s motor output in Run 
Mode

OFF ON-to-OFF transition signals the inverter to apply a 
time delay (B003), frequency match its output to 
existing motor speed, and resume normal Run Mode 
operation

15 SFT Software Lock ON The keypad and remote programming devices are 
prevented from changing parameters

OFF The parameters may be edited and stored

16 AT Analog Input Voltage/
current Select

ON Terminal [OI] is enabled for current input (uses 
terminal [L] for signal return)

OFF Terminal [O] is enabled for voltage input (uses 
terminal [L] for signal return)

17 SET3 Set (select) 3rd motor 
data

ON The inverter uses 3rd motor parameters for generating 
frequency output to motor

OFF The inverter uses 1st (main) motor parameters for 
generating frequency output to motor

18 RS Reset Inverter ON The trip condition is reset, the motor output is turned 
OFF, and powerup reset is asserted

OFF Normal power-on operation

20 STA START
(3-wire interface)

ON Starts the motor rotation

OFF No change to present motor status

21 STP STOP
(3-wire interface)

ON Stops the motor rotation

OFF No change to present motor status

22 F/R FWD, REV
(3-wire interface)

ON Selects the direction of motor rotation: ON = FWD.
While the motor is rotating, a change of F/R will start 
a deceleration, followed by a change in direction.

OFF Selects the direction of motor rotation: OFF =REV.
While the motor is rotating, a change of F/R will start 
a deceleration, followed by a change in direction.

23 PID PID Disable ON Temporarily disables PID loop control. Inverter 
output turns OFF as long as PID Enable is active 
(A071=1).

OFF Has no effect on PID loop operation, which operates 
normally if PID Enable is active (A071 = 1).

24 PIDC PID Reset ON Resets the PID loop controller. The main conse-
quence is that the integrator sum is forced to zero.

OFF No effect on PID loop controller

Input Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description
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26 CAS Control gain setting ON Selects alternate parameters H070 to H072 for the 
source of the internal speed loop gain

OFF Selects parameters H050 to H052 (or H250 to H252 
for 2nd motor) for the source of internal speed loop 
gain

27 UP Remote Control 
UP Function (motor-
ized speed pot.)

ON Accelerates (increases output frequency) motor from 
current frequency

OFF No change to output frequency

28 DWN Remote Control 
DOWN Function 
(motorized speed pot.)

ON Decelerates (decreases output frequency) motor from 
current frequency

OFF No change to output frequency

29 UDC Remote Control Data 
Clearing

ON Clears the UP/DWN frequency memory by forcing it 
to equal the set frequency parameter F001. Setting 
C101 must be set=00 to enable this function to work.

OFF UP/DWN frequency memory is not changed

31 OPE Operator Control ON Forces the source of the output frequency setting 
(A001) and the source of the RUN command (A002) 
to be from the digital operator

OFF Source of output frequency set by (A001) and source 
of run command set by (A002) is used

32 SF1 Multispeed bit 1 ON Logical 1

OFF Logical 0

33 SF2 Multispeed bit 2 ON Logical 1

OFF Logical 0

34 SF3 Multispeed bit 3 ON Logical 1

OFF Logical 0

35 SF4 Multispeed bit 4 ON Logical 1

OFF Logical 0

36 SF5 Multispeed bit 5 ON Logical 1

OFF Logical 0

37 SF6 Multispeed bit 6 ON Logical 1

OFF Logical 0

38 SF7 Multispeed bit 7 ON Logical 1

OFF Logical 0

39 OLR Overload restriction ON Selects current overload parameter set 2
(B024, B025, B026)

OFF Selects current overload parameter set 1
(B021, B022, B023)

Input Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description
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40 TL Torque limit enable ON Enables torque limit feature

OFF Disables all torque limit sources. Defaults to 200% of 
inverter rated torque output.

41 TRQ1 Torque limit selection, 
bit 1 (LSB)

ON Logical 1

OFF Logical 0

42 TRQ2 Torque limit selection, 
bit 2 (MSB)

ON Logical 1

OFF Logical 0

43 PPI Proportional / 
Proportional/Integral 
mode selection

ON Selects Proportional-Integral control

OFF Selects Proportional-only control

44 BOK Brake confirmation 
signal

ON Indicates external brake has released (used only for 
external brake control function)

OFF Indicates the external brake has not yet released

45 ORT Orientation (home 
search)

ON The encoder is in the home (oriented) position

OFF The encoder position is not in the home position

46 LAC LAC: LAD cancel ON Disables the Linear Accel / Decel (LAD) mode

OFF Normal Linear Accel / Decel mode

47 PCLR Position deviation reset ON Clears the position deviation by setting the actual 
position equal to the desired position

OFF Position count operates normally

48 STAT Pulse train position 
command input enable

ON Enables the pulse train control of motor

OFF Disables pulse train control of motor

no — Not selected ON (input ignored)

OFF (input ignored)

Input Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description
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Output Terminal 
Configuration

The inverter provides configuration for logic (discrete) and analog outputs, shown in the table 
below.

NOTE: *Terminals [11] – [13] or [11] – [14] are automatically configured as AC0 – AC2 or
AC0 – AC3 when C62 is configured to enable alarm code output.

The output logic convention is programmable for terminals [11] – [15], and the alarm relay 
terminals. The open-collector output terminals [11] – [15] default to normally open (active 
low), but you can select normally closed (active high) for the terminals in order to invert the 
sense of the logic. You can invert the logical sense of the alarm relay output as well.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C021 Terminal [11] function *

22 programmable 
functions available 
for logic (discrete) 
outputs (see next 
section)

✘ ✔ 01
[FA1]

01
[FA1]

01
[FA1]

— >C021 OUT-TM

11           FA1

C022 Terminal [12] function * ✘ ✔ 00
[RUN]

00
[RUN]

00
[RUN]

— >C022 OUT-TM

12           RUN

C023 Terminal [13] function * ✘ ✔ 03
[OL]

03
[OL]

03
[OL]

— >C023 OUT-TM

13           OL

C024 Terminal [14] function * ✘ ✔ 07
[OTQ]

07
[OTQ]

07
[OTQ]

— >C024 OUT-TM

14           OTQ

C025 Terminal [15] function ✘ ✔ 08
[IP]

08
[IP]

08
[IP]

— >C025 OUT-TM

15           IP

C026 Alarm relay terminal 
function

✘ ✔ 05
[AL]

05
[AL]

05
[AL]

— >C026 OUT-TM

AL           AL

C027 [FM] signal selection

8 programmable 
functions available 
for analog outputs
(see after next 
section)

✘ ✔ 00
output
freq.

00
output
freq.

00
output
freq.

— >C027 FM-MONITOR

KIND       A-F

C028 [AM] signal selection ✘ ✔ 00
output
freq.

00
output
freq.

00
output
freq.

— >C028 AM-MONITOR

KIND       A-F

C029 [AMI] signal selection ✘ ✔ 00
output
freq.

00
output
freq.

00
output
freq.

— >C029 AMI-MON

KIND       A-F
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Output Summary Table - This table shows all twenty-two functions for the logic output 
terminals [11] – [15] at a glance. Detailed function descriptions, related parameters, settings, 
and example wiring diagrams are in “Using Intelligent Output Terminals” on page 4–42.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C031 Terminal [11] active 
state

Select logic convention, 
two option codes:
00 normally open N.O.
01 normally closed N.C.

✘ ✔ 00 00 00 — >C031 OUT-TM

O/C-11        NO

C032 Terminal [12] active 
state

✘ ✔ 00 00 00 — >C032 OUT-TM

O/C-12        NO

C033 Terminal [13] active 
state

✘ ✔ 00 00 00 — >C033 OUT-TM

O/C-13        NO

C034 Terminal [14] active 
state

✘ ✔ 00 00 00 — >C034 OUT-TM

O/C-14        NO

C035 Terminal [15] active 
state

✘ ✔ 00 00 00 — >C035 OUT-TM

O/C-15        NO

C036 Alarm relay terminal 
active state

✘ ✔ 01 01 01 — >C036 OUT-TM

O/C-AL        NC

Output Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description

00 RUN Run signal ON Inverter is in Run Mode, motor running

OFF Inverter is in Stop Mode, motor stopped

01 FA1 Frequency arrival type 
1 – constant speed

ON when output to motor is at the standard set frequency 
F001

OFF when output to motor is not at the set frequency F001

02 FA2 Frequency arrival type 
2 – over-frequency

ON when output to motor is at or above the FA threshold 
1(C042) during accel

OFF when the output to motor is below the FA threshold 1 
(C043) during decel

03 OL Overload advance 
notice signal (1)

ON when output current is more than the set threshold for 
the overload signal (set with C041)

OFF when output current is less than the set threshold for 
the overload signal

04 OD Output deviation for 
PID control

ON when PID error is more than the set threshold for the 
deviation signal

OFF when PID error is less than the set threshold for the 
deviation signal

05 AL Alarm signal ON when the alarm condition has been met and not reset

OFF when the alarm had not tripped since the previous 
power cycle or since the previous keypad reset
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06 FA3 Frequency arrival type 
3 – at frequency

ON when output to motor is at the FA threshold 1 (C042) 
during accel, or at C043 during decel

OFF when the output to motor is not at either the FA 
threshold 1 (C042) during accel or at C043 during 
decel

07 OTQ Over-torque signal ON when the over-torque feature is enabled and the motor 
is generating excess torque

OFF when the over-torque feature is disabled or the motor 
is not generating excess torque

08 IP Instantaneous power 
failure signal

ON when the inverter input power has decreased below 
the acceptable input voltage level

OFF when the inverter input power is within rated range

09 UV Under-voltage signal ON when the inverter input power has decreased below 
the acceptable input voltage level

OFF when the inverter input power is within rated range

10 TRQ In torque limit ON when the output torque exceeds level set for the 
particular torque/frequency quadrant in effect during 
operation

OFF when the output torque is less than the level set for the 
operating quadrant

11 RNT Operation time over ON when the inverter Run time exceeds the limit set by 
Run/power-on warning time (B034)

OFF when the inverter Run time is less than the limit set by 
Run/power-on warning time (B034)

12 ONT Plug-in time over ON when the inverter plug-in time exceeds the set limit

OFF when the inverter plug-in time is less than the limit

13 THM Thermal alarm signal ON when the thermal limit for the motor is exceeded

OFF when the thermal limit is not exceeded

19 BRK Brake release signal ON when the inverter signals the external braking system 
to release (open) its brake

OFF when the inverter is not driving the motor, and needs 
the external brake engaged

20 BER Brake error signal ON when the output current is less than the set releasing 
current

OFF when the braking function is not in use, or when the 
output current to the motor is correct and it is safe to 
release the brake

21 ZS Zero speed detect ON when the encoder pulses of the motor has stopped

OFF when motor rotation causes encoder pulses

22 DSE Speed deviation 
maximum

ON when the velocity error exceeds the error threshold 
defined for the encoder input

OFF when the velocity error is less than the error threshold 
defined for the encoder input

Output Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description
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Analog Summary Table - The following table shows all eight functions available for assign-
ment to the three analog output terminals [FM], [AM], [AMI] at a glance. Detailed descrip-
tions, related parameters and settings, and example wiring diagrams are in “Analog Output 
Operation” on page 4–62.

23 POK Positioning completion ON when the load position is at the target

OFF when the load position is not yet at the target

24 FA4 Frequency arrival type 
4 – over-frequency (2)

ON when output to motor is at or above the FA threshold 
2 (C045) during accel

OFF when the output to motor is below the FA threshold 2 
(C046) during decel

25 FA5 Frequency arrival type 
5 – at frequency (2)

ON when output to motor is at the FA threshold 2 (C045) 
during accel, or at C046 during decel

OFF when the output to motor is not at either the FA 
threshold 2 (C045) during accel or at C046 during 
decel

26 OL2 Overload notice 
advance signal (2)

ON when output current is more than the set threshold for 
the overload signal

OFF when output current is less than the set threshold for 
the overload signal

Output Function Summary Table

Option
Code

Terminal 
Symbol

Function Name Description

Analog Output Function Summary Table

Option
Code

Function Name Description
Corresponding Signal 

Range

00 Output frequency Actual motor speed, represented by PWM 
signal 

0 to max. frequency in Hz

01 Output current Motor current (% of maximum rated output 
current), represented by PWM signal

0 to 200%

02 Output torque Rated output torque 0 to 200%

03 Digital output 
frequency

Output frequency (available only at FM 
output)

0 to max. frequency in Hz

04 Output voltage Rated output voltage to motor 0 to 100%

05 Input power Rated input power 0 to 200%

06 Electronic thermal 
overload

Percentage of electronic overload attained 0 to 100%

07 LAD frequency Internal ramp generator frequency 0 to max. frequency in Hz
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Output Function 
Adjustment 
Parameters

The following parameters work in 
conjunction with the intelligent output 
function, when configured. The 
overload level parameter (C041) sets the 
motor current level at which the 
overload signal [OL] turns ON. The 
range of settings is from 0% to 200% of 
the rated current for the inverter. This 
function is for generating an early 
warning logic output, without causing 
either a trip event or a restriction of the 
motor current (those effects are avail-
able on other functions).

The frequency arrival signal, [FA1] to 
[FA5], is intended to indicate when the 
inverter output has reached (arrived at) 
the target frequency. You can adjust the 
timing of the leading and trailing edges 
of the signal via two parameters specific 
to acceleration and deceleration ramps, 
C042 and C043.

The Error for the PID loop is the magni-
tude (absolute value) of the difference 
between the Setpoint (desired value) 
and Process Variable (actual value). The 
PID output deviation signal [OD] 
(output terminal function option code 
04) indicates when the error magnitude 
has exceeded a magnitude you define.

Motor 
current

Overload 
signal

C041

t

1
0

Output
frequency

Arrival 
signal

C042
C043

t

1
0

PID Error
(PV-SP)

Deviation 
Signal

C044

t

1
0

SP

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C040 Overload signal output 
mode

Choose when the overload 
signal is enabled; two option 
codes:
00 During accel/decel
01 During constant speed

✘ ✔ 01 01 01 — >CO40 OL

Mode         CRT

C041 Overload level setting Range is 0.00 * rated current 
to 2.00 * rated current

✘ ✔ Rated current for 
each inverter

A >C041 OL

LEVEL    0016.5A

C042 Frequency arrival 
setting for acceleration

Sets the frequency arrival 
setting threshold for the 
output frequency during 
acceleration

✘ ✔ 0.00 0.00 0.00 Hz >C042 ARV

ACC    0000.00Hz

C043 Arrival frequency 
setting for deceleration

Sets the frequency arrival 
setting threshold for the 
output frequency during 
deceleration

✘ ✔ 0.00 0.00 0.00 Hz >C043 ARV

DEC    0000.00Hz
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C044 PID deviation level 
setting

Sets the PID loop error 
threshold  |SP - PV| 
(absolute value) to trigger 
intelligent output [OD]. 
Range is 0.0 to 100%, 
resolution is 0.1%

✘ ✔ 3.0 3.0 3.0 % >C044 PID

LEVEL     003.0%

C045 Frequency arrival 
setting for acceleration 
(2)

Range is 0.0 to 99.99 / 
100.0 to 400.0 Hz

✘ ✔ 0.00 0.00 0.00 Hz >C045 ARV

ACC2   0000.00Hz

C046 Frequency arrival 
setting for deceleration 
(2)

Range is 0.0 to 99.99 / 
100.0 to 400.0 Hz

✘ ✔ 0.00 0.00 0.00 Hz >C046 ARV

DEC2   0000.00Hz

C055 Over-torque (forward-
driving) level setting

Threshold for intelligent 
output terminal [OTQ], 
quadrant I. Range is:
0 to 200%, up to –550xxx;
0 to 180%, –750 to 1500xxx

✘ ✔ 100. 100. 100. % >C055 OV-TRQ

FW-V        100%

C056 Over-torque (reverse 
regenerating) level 
setting

Threshold for intelligent 
output terminal [OTQ], 
quadrant II. Range is:
0 to 200%, up to –550xxx;
0 to 180%, –750 to 1500xxx

✘ ✔ 100. 100. 100. % >C056 OV-TRQ

RV-R        100%

C057 Over-torque (reverse 
driving) level setting

Threshold for intelligent 
output terminal [OTQ], 
quadrant III. Range is:
0 to 200%, up to –550xxx;
0 to 180%, –750 to 1500xxx

✘ ✔ 100. 100. 100. % >C057 OV-TRQ

RV-V        100%

C058 Over-torque (forward 
regenerating) level 
setting

Threshold for intelligent 
output terminal [OTQ], 
quadrant IV. Range is:
0 to 200%, up to –550xxx;
0 to 180%, –750 to 1500xxx

✘ ✔ 100. 100. 100. % >C058 OV-TRQ

FW-R        100%

C061 Electronic thermal 
warning level setting

Sets the threshold for intelli-
gent output [THM].
Range is 0 to 100%

✘ ✔ 80. 80. 80. % >C061 E-THM

WARN        080%

C062 Alarm code output Allows binary alarm codes 
to be output to intelligent 
terminals.
Three option codes:
00 Disable
01 Enable – 3-bit code
02 Enable –  4-bit code

✘ ✔ 00 00 00 — >C062 AL-CODE

SELECT      OFF

C063 Zero speed detection 
level

Range is 0.00 to 99.99 / 
100.0 Hz

✘ ✔ 0.00 0.00 0.00 Hz >C063 ZS

LEVEL   000.00Hz

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 551 of 2133



SJ300 Inverter

C
onfiguring D

rive 
P

aram
eters

3–59

Serial
Communications

The following table configures the communications port of the SJ300 inverter. You can have up 
to thirty-two devices on the serial communications network. The inverters are slaves and the 
computer or digital operator is the master. Thus, all inverters on the serial connection must use 
the same baud rate, data length, parity, and stop bits. However, each device on the serial 
network must have a unique node address. See “Serial Communications” on page B–1 for more 
information.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C070 Data command method Four option codes:
02 Digital operator
03 RS485
04 Expansion card #1
05 Expansion card #2

✘ ✘ 02 02 02 — >C070 PARAM

SELECT      REM

C071 Communication speed 
selection

Five option codes:
02 (Test)
03 2400bps
04 4800bps
05 9600bps
06 19200bps

✘ ✔ 04 04 04 bps >C071 RS485

BAU     4800bps

C072 Node allocation Set the address of the 
inverter on the network. 
Range is 1 to 32.

✘ ✔ 1. 1. 1. — >C072 RS485

ADDRESS       01

C073 Communication data 
length selection

Two option codes:
07 7-bit data
08 8-bit data

✘ ✔ 7 7 7 — >C073 RS485

BIT         7BIT

C074 Communication parity 
selection

Three option codes:
00 No parity
01 Even parity
02 Odd parity

✘ ✔ 00 00 00 — >C074 RS485

PARITY        NO

C075 Communication stop bit 
selection

Two option codes:
01 1 stop bit
02 2 stop bits

✘ ✔ 1 1 1 — >C075 RS485

STOPBIT     1BIT

C078 Communication wait 
time

Time the inverter waits after 
receiving a message before it 
transmits. Range is 0.0 to 
1000 ms

✘ ✔ 0. 0. 0. — >C078 RS485

WAIT      0000ms
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Analog Signal 
Calibration 
Settings

The functions in the following table configure the signals for the analog output terminals. Note 
that these settings do not change the current/voltage or sink/source characteristics – only the 
zero and span (scaling) of the signals.

NOTE: Settings C081, C082, C083, C121, C122, C123 are factory-calibrated for each inverter. 
Do not change these settings unless absolutely necessary. Note that if you restore factory 
defaults for all parameters, these settings will not change.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C081 [O] input span calibra-
tion

Range is 0 to 65530 ✔ ✔ Factory-calibrated — >C081 O-ADJUST

TOP        02119

C082 [OI] input span calibra-
tion

Range is 0 to 65530 ✔ ✔ Factory-calibrated — >C082 OI-ADJUST

TOP        02512

C083 [O2] input span calibra-
tion

Range is 0 to 65530 ✔ ✔ Factory-calibrated — >C083 O2-ADJUST

TOP        02818

C085 Thermistor input tuning Range is 0.0 to 1000 ✔ ✔ 105.0 105.0 105.0 — >C085 THERM

ADJUST    0105.0

C086 [AM] terminal offset 
tuning

Range is 0.0 to 10.0V ✔ ✔ 0.0 0.0 0.0 V >C086 AM-MONITOR

OFFSET     00.0V

C087 [AMI] terminal meter 
tuning

Range is 0.0 to 250% ✔ ✔ 80. 80. 80. % >C087 AMI-MON

ADJUST       080

C088 [AMI] terminal offset 
tuning

Range is 0 to 20mA ✔ ✔ Factory-calibrated mA >C088 AMI-MON

OFFSET    04.0mA

C121 [O] input zero calibra-
tion

Range is 0 to 6553 (65530) ✔ ✔ Factory-calibrated — >C121 O-ADJUST

ZERO       00000

C122 [OI] input zero calibra-
tion

Range is 0 to 6553 (65530) ✔ ✔ Factory-calibrated — >C122 OI-ADJUST

ZERO       00000

C123 [O2] input zero calibra-
tion

Range is 0 to 6553 (65530) ✔ ✔ Factory-calibrated — >C123 O2-ADJUST

ZERO       03622
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Miscellaneous 
Functions

The following table contains miscellaneous functions not in other function groups.

C102/C103: Reset Mode / Restart Mode – The reset mode selection, set via parameter C102, 
determines how the inverter responds to the [RS] intelligent input signal or keypad Stop/Reset 
key in a trip condition. The options allow you to cancel the trip on either the OFF-to-ON or 
ON-to-OFF transition of [RS], and if desired, stop the inverter if it is in Run Mode. A trip event 
causes the inverter output to the motor to turn OFF immediately. If in Run Mode when the trip 
occurred, the inverter and motor will enter free-run stop (coasting) operation. In some applica-
tions, the motor and load will still be coasting when the inverter returns to normal Run Mode 
operation. For that situation, you can configure the inverter output (C103=00) to resume opera-
tion from 0 Hz and accelerate normally. Or, you can configure the inverter (C103=01) to 
resume operation from the current speed of the motor (frequency matching)—often used in 
applications such as HVAC.

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C091 Debug mode enable Two option codes:
00 Display
01 No display

✘ ✔ 00 00 00 — >C091 INITIAL

DEBG         OFF

C101 Up/Down memory 
mode selection

Controls speed setpoint for 
the inverter after power 
cycle. Two option codes:
00 Clear last frequency 

(return to default 
frequency F001)

01 Keep last frequency 
adjusted by UP/DWN

✘ ✔ 00 00 00 — >C101 UP/DWN

DATA      NO-STR

“C” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

C102 Reset mode selection Determines response to 
Reset input [RST].
Three option codes:
00 Cancel trip state at input 

signal ON transition, 
Stops inverter if in Run 
Mode

01 Cancel trip state at signal 
OFF transition, Stops 
inverter if in Run Mode

02 Cancel trip state at input 
signal ON transition, no 
effect if in Run Mode.

✔ ✔ 00 00 00 — >C102 RESET

SELECT       ON

C103 Restart mode after reset Two option codes:
00 Restart at 0 Hz
01 Resume operation after 

frequency matching

✘ ✔ 00 00 00 — >C103 RESET

f-Mode       ZST

C111 Overload setting (2) Range is 0.00 times rated 
current to 2.00 times rated 
current

✘ ✔ Rated current for 
each inverter model

A >C111         OL

LEVEL2   0016.5A

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 554 of 2133



“H” Group: Motor Constants Functions

C
on

fig
ur

in
g 

D
riv

e 
P

ar
am

et
er

s
3–62

“H” Group: Motor Constants Functions
Introduction The “H” Group parameters configure the 

inverter for the motor characteristics. You 
must manually set H003 and H004 values 
to match the motor. Most of the remaining 
parameters are related to vector control, and 
are in use only when function A044 is set 
for one of the vector control modes as 
shown in the diagram. The procedure in 
“Auto-tuning of Motor Constants” on 
page 4–67 automatically sets all the param-
eters related to vector control. If you 
configure the inverter to use vector control, 
we highly recommend letting the auto-
tuning procedure derive the values for you. 
If you want to reset the parameters to the 
factory default settings, use the procedure 
in “Restoring Factory Default Settings” on 
page 6–9.

NOTE: The auto-tuning procedure and related warning messages are in “Auto-tuning of Motor 
Constants” on page 4–67. Please read these before trying to auto-tune the motor parameters.

     

Output

V/f control,
 constant torque

V/f control,
variable torque

V/f control, free-
setting curve

Inverter Torque Control Algorithms

Sensorless vector 
(SLV) control

Sensorless vector,
0Hz domain

 Vector control with 
sensor

00

05

04

03

02

01

A044

“H” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

H001 Auto-tuning Setting Three states for auto-tuning 
function, option codes:
00 Auto-tuning OFF
01 Auto-tune (measure 

motor resistance and 
inductance, without 
rotating)

02 Auto-tune (rotate motor)

✘ ✘ 00 00 00 — >H001 AUX

AUTO         NOR

H002 Motor data selection, 
1st motor

Select one of three motor 
parameter sets, 3 options:
00 Standard motor data
01 Auto-tuning data
02 Adaptive tuning data

✘ ✘ 00 00 00 — >H002 AUX

DATA      NOR

H202 Motor data selection, 
2nd motor

Select one of three motor 
parameter sets, 3 options:
00 Standard motor data
01 Auto-tuning data
02 Adaptive tuning data

✘ ✘ 00 00 00 — >H202 2AUX

DATA      NOR

H003 Motor capacity, 1st 
motor

Select 0.2 to 75.0kW for 
models up to –550xxx,
0.2 to 160.0kW for models
–750xxx to –1500xxx

✘ ✘ Factory set kW >H003 AUX

K       003.70kW
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“H” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

H203 Motor capacity, 2nd 
setting

Select 0.2 to 75.0kW for 
models up to –550xxx,
0.2 to 160.0kW for models
–750xxx to –1500xxx

✘ ✘ Factory set kW >H203 2AUX

K       003.70kW

H004 Motor poles setting, 1st 
motor

Four selections:
2 / 4 / 6 / 8

✘ ✘ 4 4 4 Poles >H004 AUX

P             4P

H204 Motor poles setting, 2nd 
motor

Four selections:
2 / 4 / 6 / 8

✘ ✘ 4 4 4 Poles >H204 2AUX

P             4P

H005 Motor speed constant, 
1st motor

Motor proportional gain 
constant (factory set),
range is 0.01 to 99

✔ ✔ 1.590 1.590 1.590 — >H005 AUX

KP         1.590

H205 Motor speed constant, 
2nd motor

Motor proportional gain 
constant (factory set)
range is 0 to 99

✔ ✔ 1.590 1.590 1.590 — >H205 2AUX

KP         1.590

H006 Motor stabilization 
constant, 1st motor

Motor constant (factory set), 
range is 0 to 255

✔ ✔ 100. 100. 100. — >H006 AUX

KCD        00100

H206 Motor stabilization 
constant, 2nd motor

Motor constant (factory set), 
range is 0 to 255

✔ ✔ 100. 100. 100. — >H206 2AUX

KCD        00100

H306 Motor stabilization 
constant, 3rd motor

Motor constant (factory set), 
range is 0 to 255

✔ ✔ 100. 100. 100. — >H306 3AUX

KCD        00100

H020 Motor constant R1, 1st 
motor

Range is 0.000 to 65.53,
0.000 to 9.999
10.00 to 65.53

✘ ✘ According to 
inverter rating

Ohm >H020 AUX

R1     00.489ohm

H220 Motor constant R1, 2nd 
motor

Range is 0.000 to 65.53,
0.000 to 9.999
10.00 to 65.53

✘ ✘ According to 
inverter rating

Ohm >H220       2AUX

R1     00.000ohm

H021 Motor constant R2, 1st 
motor

Range is 0.000 to 65.53,
0.000 to 9.999
10.00 to 65.53

✘ ✘ According to 
inverter rating

Ohm >H021 AUX

R2     00.355ohm

H221 Motor constant R2, 2nd 
motor

Range is 0.000 to 65.53,
0.000 to 9.999
10.00 to 65.53

✘ ✘ According to 
inverter rating

Ohm >H221 2AUX

R2     00.355ohm

H022 Motor constant L, 1st 
motor

Range is 0.00 - 655.3 mH,
0.00 to 99.99
100.0 - 655.3

✘ ✘ According to 
inverter rating

mH >H022 AUX

L       005.12mH

H222 Motor constant L, 2nd 
motor

Range is 0.00 - 655.3 mH,
0.00 to 99.99
100.0 - 655.3

✘ ✘ According to 
inverter rating

mH >H222 2AUX

L       005.12mH

H023 Motor constant I0, 1st 
motor

Range is 0.00 to 655.3 A
0.00 to 99.99
100.0 - 655.3

✘ ✘ According to 
inverter rating

A >H023 AUX

I0       008.02A

H223 Motor constant I0, 2nd 
motor

Range is 0.00 to 655.3 A,
0.00 to 99.99
100.0 - 655.3

✘ ✘ According to 
inverter rating

A >H223 2AUX

I0       008.02A

H024 Motor Constant J, 1st 
motor

Ratio (unit-less), range is
1.0 to 1000

✘ ✘ According to 
inverter rating

— >H024 AUX

J        000.055
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H224 Motor constant J,
2nd motor

Ratio (unit-less), range is
1.0 to 1000

✘ ✘ According to 
inverter rating

— >H224 2AUX

J        000.055

H030 Auto-tuned motor 
constant R1, 1st motor

Auto-tuning data ✘ ✘ According to 
inverter rating

Ohm >H030 AUX

A-R1   00.489ohm

H230 Auto-tuned motor 
constant R1, 2nd motor

Auto-tuning data ✘ ✘ According to 
inverter rating

Ohm >H230 2AUX

A-R1   00.489ohm

H031 Auto-tuned motor 
constant R2, 1st motor

Auto-tuning data ✘ ✘ According to 
inverter rating

Ohm >H031 AUX

A-R2   00.355ohm

H231 Auto-tuned motor 
constant R2, 2nd motor

Auto-tuning data ✘ ✘ According to 
inverter rating

Ohm >H231 2AUX

A-R2   00.355ohm

H032 Auto-tuned motor 
constant L, 1st motor

Auto-tuning data ✘ ✘ According to 
inverter rating

mH >H032 AUX

A-L     005.12mH

H232 Auto-tuned motor 
constant L, 2nd motor

Auto-tuning data ✘ ✘ According to 
inverter rating

mH >H232 2AUX

A-L     005.12mH

H033 Auto-tuned motor 
constant I0, 1st motor

Auto-tuning data ✘ ✘ According to 
inverter rating

A >H033 AUX

A-I0     008.02A

H233 Auto-tuned motor 
constant I0, 2nd motor

Auto-tuning data ✘ ✘ According to 
inverter rating

A >H233 2AUX

A-I0     008.02A

H034 Auto-tuned motor 
constant J, 1st motor

Auto-tuning data ✘ ✘ According to 
inverter rating

— >H034 AUX

A-J     0000.055

H234 Auto constant J,
2nd motor

Auto-tuning data ✘ ✘ According to 
inverter rating

— >H234 2AUX

A-J     0000.055

H050 PI proportional gain for 
1st motor

Range is 0.0 to 99.9 / 100.0 
to 999.9 / 1000%

✔ ✔ 100 100 100 % >H050 AUX

KSP      0100.0%

H250 PI proportional gain for 
2nd motor

Range is 0.0 to 99.9 / 100.0 
to 999.9 / 1000%

✔ ✔ 100 100 100 % >H250 2AUX

KSP      0100.0%

H051 PI integral gain for 1st 
motor

Range is 0.0 to 99.9 / 100.0 
to 999.9 / 1000%

✔ ✔ 100 100 100 % >H051 AUX

KSI      0100.0%

H251 PI integral gain for 2nd 
motor

Range is 0.0 to 99.9 / 100.0 
to 999.9 / 1000%

✔ ✔ 100 100 100 % >H251 2AUX

KSI      0100.0%

H052 P proportional gain 
setting for 1st motor

Range is 0.00 to 10.00 ✔ ✔ 1.00 1.00 1.00 — >H052 AUX

KSPP      001.00

H252 P proportional gain 
setting for 2nd motor

Range is 0.00 to 10.00 ✔ ✔ 1.00 1.00 1.00 — >H252 2AUX

KSPP      001.00

H060 0Hz SLV limit for 1st 
motor

Range is 0.0 to 100.0% ✔ ✔ 100. 100. 100. % >H060 AUX

0SLV-LMT  100.0%

H260 0Hz SLV limit for 2nd 
motor

Range is 0 to 100.0% ✔ ✔ 100. 100. 100. % >H260 2AUX

0SLV-LMT   100.0%

H070 Terminal selection PI 
proportional gain setting

Range is 0 to 99.9 / 100.0 to 
999.9 / 1000%

✔ ✔ 100.0 100.0 100.0 % >H070 AUX

CH-KSP   0100.0%

H071 Terminal selection PI 
integral gain setting

Range is 0 to 99.9 / 100.0 to 
999.9 / 1000%

✔ ✔ 100.0 100.0 100.0 % >H071 AUX

CH-KSI   0100.0%

H072 Terminal selection P 
proportional gain setting

Range is 0.00 to 10.00 ✔ ✔ 1.00 1.00 1.00 — >H072 AUX

CH-KSPP   001.00

“H” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)
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“P” Group: Expansion Card Functions
The two (optional) expansion cards for the SJ300 have associated configuration data. The 
following table defines the functions and their value ranges. Please refer to the expansion card 
manual for more details.

“P” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

P001 Operation mode on 
expansion card 1 error

Two option codes:
00 Trip (stop motor)
01 Continuous operation

✘ ✔ 00 00 00 — >P001 OPTION1

SELECT   TRP

P002 Operation mode on 
expansion card 2 error

Two option codes:
00 Trip (stop motor)
01 Continuous operation

✘ ✔ 00 00 00 — >P002 OPTION2

SELECT   TRP

P010 Feedback option enable Two option codes:
00 Disable
01 Enable

✘ ✘ 00 00 00 — >P010 FEEDBACK

SELECT       OFF

P011 Encoder pulse-per-
revolution (PPR) setting

Range is 128 to 65000 
pulses per revolution

✘ ✘ 1024 1024 1024 pulse >P011 FEEDBACK

ENC-P   01024pls

P012 Control pulse setting Selects between automatic 
speed regulation (ASR) and 
automatic position regula-
tion (APR) modes.
Two option codes:
00 ASR mode
01 APR mode

✘ ✘ 00 00 00 — >P012 FEEDBACK

CONTROL      ASR

P013 Pulse input mode setting Pulse input mode setting.
Three option codes:
00 quadrature
01 count and direction
02 separate forward and 

reverse pulse trains

✘ ✘ 00 00 00 — >P013 FEEDBACK

PULSE        MD0

P014 Home search stop 
position setting

Range is 0 to 4095 pulses ✘ ✔ 0. 0. 0. — >P014 FEEDBACK

POS      0000pls

P015 Home search speed 
setting

Range is 0.00 to 99.99 /
100.0 to 120.0Hz

✘ ✔ 5.00 5.00 5.00 Hz >P015 FEEDBACK

FC      005.00Hz

P016 Home search direction 
setting

Two option codes:
00 Forward
01 Reverse

✘ ✘ 00 00 00 — >P016 FEEDBACK

TURN          FW

P017 Home search comple-
tion range setting

Range is 0 to 10,000 pulses ✘ ✔ 5 5 5 pulse >P017 FEEDBACK

L       00005pls

P018 Home search comple-
tion delay time setting

Range is 0.00 to 9.99 
seconds

✘ ✔ 0.00 0.00 0.00 sec. >P018 FEEDBACK

TW       000.00s

P019 Electronic gear set 
position selection

Two option codes:
00 Position feedback side
01 Position command side

✘ ✔ 00 00 00 — >P019 FEEDBACK

EGRP         FB

P020 Electronic gear ratio 
numerator setting

Range is 1 to 9999 ✘ ✔ 1. 1. 1. — >P020 FEEDBACK

EGR-N      00001

P021 Electronic gear ratio 
denominator setting

Range is 1 to 9999 ✘ ✔ 1. 1. 1. — >P021 FEEDBACK

EGR-D      00001
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NOTE: Parameters P044 to P049 are available only in inverters with manufacturing code 
x8K xxxxxx xxxxx or later. The manufacturing code is printed on the product specifications 
labels, located on the front and side of the inverter housing.

P022 Feed-forward gain 
setting

Range is 0.00 top 99.99 / 
100.0

✘ ✔ 0.00 0.00 0.00 — >P022 FEEDBACK

FFWG      000.00

P023 Position loop gain 
setting

Range is 0.00 to 99.99 / 
100.0

✘ ✔ 0.50 0.50 0.50 — >P023 FEEDBACK

G         000.50

P025 Temperature compensa-
tion thermistor enable

Allows for motor-mounted 
thermistor to calibrate 
output to motor temperature
Two option codes:
00 Disable
01 Enable

✘ ✔ 00 00 00 — >P025 FEEDBACK

R2-ADJ       OFF

P026 Over-speed error
detection level setting

Range is 0.0 to 150.0% ✘ ✔ 135.0 135.0 135.0 % >P026 FEEDBACK

0SPD      135.0%

P027 Speed deviation error 
detection level setting

Range is 0.00 to 99.99 / 
120Hz

✘ ✔ 7.50 7.50 7.50 — >P027 FEEDBACK

NER     007.50Hz

P031 Accel/decel time input 
selection

Three options:
00 Inverter
01 Expansion card 1
02 Expansion card 2

✘ ✘ 00 00 00 — >P031 ACC/DEC

SELECT       REM

P032 Positioning command 
input selection

Three options:
00 Inverter
01 Expansion card 1
02 Expansion card 2

✘ ✔ 00 00 00 — >P032 P-SET

SELECT       REM

P044 DeviceNet comm 
watchdog timer

Range is 0.00 99.99 seconds ✘ ✘ 1.00 1.00 1.00 — >P044 DEVICENET

TIMER     01.00s

P045 Inverter action on 
DeviceNet comm error

Five options:
00 Trip
01 Decelerate and trip
02 Hold last speed
03 Free run stop
04 Decelerate and stop

✘ ✘ 01 01 01 — >P045 DEVICENET

T-OUT        FTP

P046 DeviceNet polled I/O: 
Output instance number

Three settings:
20, 21, 100

✘ ✘ 21 21 21 — >P046 DEVICENET

O-AS-INS     021

P047 DeviceNet polled I/O: 
Input instance number

Three settings:
70, 71, 101

✘ ✘ 71 71 71 — >P047 DEVICENET

O-AS-INS     071

P048 Inverter action on 
DeviceNet idle mode 

Five options:
00 Trip
01 Decelerate and trip
02 Hold last speed
03 Free run stop
04 Decelerate and stop

✘ ✘ 01 01 01 — >P048 DEVICENET

IDLE         FTP

P049 DeviceNet motor poles 
setting for RPM

Range is 00 to 38 (even 
numbers only)

✘ ✘ 0 0 0 poles >P049 DEVICENET

P            00P

“P” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)
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“U” Group: User-selectable Menu Functions
The user-selectable menu functions allow you to configure (select) any twelve of the other 
functions in the inverter and place them together in a convenient list. This feature provides 
quick access for the most-used functions needed for your application. Each U Group function 
can serve as a pointer to any of the other parameters. You do not have to use the Store key to 
retain each association; just scroll to the desired standard parameter for each U Group function 
and leave it. The setting can point to a monitor-only parameter (such as D001), or point to 
editable parameters (such as A001). In the case of pointing to an editable functions, you use the 
Up/Down keys to change the value and the Store key to accept the change into memory—the 
same procedure as a normal parameter edit. 

TIP: Function B037 selects which parameter groups are displayed. If you want to limit the 
displayed parameters to only the U Group functions, set B037=02.

“U” Function Run 
Mode
Edit
Lo Hi

Defaults

Units SRW Display
Func.
Code

Name Description
–FE
(CE)

–FU
(UL)

–FR
(Jpn)

U001

User-selected function “no” (disabled), or any of 
the functions D001 to P049

✘ ✔ no no no — >U001 USER

1           no

U002 ✘ ✔ no no no — >U002 USER

2           no

U003 ✘ ✔ no no no — >U003 USER

3           no

U004 ✘ ✔ no no no — >U004 USER

4           no

U005 ✘ ✔ no no no — >U005 USER

5           no

U006 ✘ ✔ no no no — >U006 USER

6           no

U007 ✘ ✔ no no no — >U007 USER

7           no

U008 ✘ ✔ no no no — >U008 USER

8           no

U009 ✘ ✔ no no no — >U009 USER

9           no

U010 ✘ ✔ no no no — >U010 USER

10          no

U011 ✘ ✔ no no no — >U011 USER

11          no

U012 ✘ ✔ no no no — >U012 USER

12          no

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 560 of 2133



Programming Error Codes

C
on

fig
ur

in
g 

D
riv

e 
P

ar
am

et
er

s
3–68

Programming Error Codes
The SJ300 inverter operator keypad displays a special code (begins with the  character) to 
indicate a programming error. Programming errors exist when one parameter conflicts with the 
meaningful range permitted by related parameter(s). Note that particular real-time frequency 
(speed) input levels can cause a conflict in some situations. After a conflict exists, the error 
code will appear on the display, or you can view it later with D090 in Monitor Mode. Also, the 
PGM LED on the display will flash ON/OFF when programming. These indications are 
automatically cleared when the parameter is corrected to the allowed range.  

Programming Error 
Code

Parameter out of bounds Boundary defined by...

Code Description <, > Code Description

001 201 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

> A004 / 
A204 / 
A304

Maximum frequency;
1st, 2nd, 3rd motor

002 202 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

>

004 204 304 A003 / A203 / 
A303

Base frequency setting; 
1st, 2nd, 3rd motor

>

005 205 305 F001,
A020 / A220 / 
A320

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd, 3rd motor

>

006 206 306 A021 to A035 Multi-speed freq. settings >

012 212 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

> A061 / A261 Frequency upper limit setting; 
1st, 2nd motor

015 215 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

>

016 216 A021 to A035 Multi-speed freq. settings >

021 221 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

< A062 / A262 Frequency lower limit setting; 
1st, 2nd motor

025 225 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

<

031 231 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

< B082 Start frequency adjustment

032 232 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

<

035 235 335 F001,
A020 / A220 / 
A320

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd, 3rd motor

<

036 A021 to A035 Multi-speed freq. settings <

037 A038 Jog frequency setting <

085 285 385 F001,
A020 / A220 / 
A320

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd, 3rd motor

>f-x,
<f+x

A063 ± A064
A065 ± A066
A067 ± A068

Jump (center) frequency ± 
jump (hysteresis) frequency 
width setting

(See note after table)086 A021 to A035 Multi-speed freq. settings >f-x,
<f+x
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NOTE: Set frequency (speed) values are not permitted to be inside the jump frequency ranges, 
if defined. When a frequency reference value from a real-time source (such as keypad potenti-
ometer or analog input) are inside a jump frequency range, the actual speed is automatically 
forced to equal the lowest point of the jump range.

Programming Error 
Code

Parameter out of bounds Boundary defined by...

Code Description <, > Code Description

091 291 A061 / A261 Frequency upper limit 
setting; 1st, 2nd motor

> B112 Free-setting V/f frequency (7)

092 292 A062 / A262 Frequency lower limit 
setting; 1st, 2nd motor

>

095 295 F001,
A020 / A220

Output frequency setting, 
Multi-speed freq. setting; 
1st, 2nd motor

>

096 A021 to A035 Multi-speed freq. settings >

110 B100, B102, 
B104, B106, 
B108, B110

Free V/f frequency >

B102, B104, 
B106, B108, 
B110

Free V/f frequency > B100 Free-setting V/f frequency (1)

B100 Free V/f frequency < B102 Free-setting V/f frequency (2)

B104, B106, 
B108, B110

Free V/f frequency >

B100, B102 Free V/f frequency < B104 Free-setting V/f frequency (3)

B106, B108, 
B110

Free V/f frequency >

B100, B102, 
B104

Free V/f frequency < B106 Free-setting V/f frequency (4)

B108, B110 Free V/f frequency >

B100, B102, 
B104, B106

Free V/f frequency < B108 Free-setting V/f frequency (5)

B110 Free V/f frequency >

B100, B102, 
B104, B106, 
B108

Free V/f frequency < B110 Free-setting V/f frequency (6)

120 B017, B019 Free-setting electronic 
thermal frequency

< B015 Free-setting, electronic 
thermal frequency (1)

B015 Free-setting electronic 
thermal frequency

> B017 Free-setting, electronic 
thermal frequency (2)

B019 Free-setting electronic 
thermal frequency

<

B015, B017 Free-setting electronic 
thermal frequency

> B019 Free-setting, electronic 
thermal frequency (3)
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Introduction
The previous material in Chapter 3 gave a reference listing of all the programmable functions 
of the inverter. We suggest that you first scan through the listing of inverter functions to gain a 
general familiarity. This chapter will build on that knowledge in the following ways:

1. Related functions – Some parameters interact with or depend on the settings in other 
functions. This chapter lists “required settings” for a programmable function to serve as a 
cross-reference and an aid in showing how functions interact.

2. Intelligent terminals – Some functions rely on an input signal from control logic terminals 
or generate output signals in other cases.

3. Electrical interfaces –  This chapter shows how to make connections between the inverter 
and other electrical devices.

4. Auto-tuning – The SJ300 inverter has the ability to run a calibration procedure in which it 
takes measurements of the motor’s electrical characteristics. This chapter shows how to run 
the auto-tuning procedure to help the inverter run the motor more smoothly and efficiently.

5. PID Loop Operation – The SJ300 has a built-in PID loop that calculates the optimal 
inverter output frequency to control an external process. This chapter shows the parameters 
and input/output terminals associated with PID loop operation.

6. Multiple motors – A single SJ300 inverter may be used with two or more motors in some 
types of applications. This chapter shows the electrical connections and inverter parameters 
involved in multiple-motor applications.

The topics in this chapter can help you decide the features that are important to your applica-
tion, and how to use them. The basic installation covered in Chapter 2 concluded with the 
powerup test and running the motor. Now, this chapter starts from that point and shows how to 
make the inverter part of a larger control or automation system.

Cautions for 
Operating
Procedures

Before continuing, please read the following Caution messages.

CAUTION: The heat sink fins will have a high temperature. Be careful not to touch them. 
Otherwise, there is the danger of getting burned.

CAUTION: The operation of the inverter can be easily changed from low speed to high speed. 
Be sure check the capability and limitations of the motor and machine before operating the 
inverter. Otherwise, it may cause injury to personnel.

CAUTION: If you operate a motor at a frequency higher than the inverter standard default 
setting (50Hz/60Hz), be sure to check the motor and machine specifications with the respective 
manufacturer. Only operate the motor at elevated frequencies after getting their approval. 
Otherwise, there is the danger of equipment damage.
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Warnings for 
Operating
Procedures

Before continuing, please read the following Warning messages.

WARNING: Be sure to turn ON the input power supply only after closing the front case. While 
the inverter is energized, be sure not to open the front case. Otherwise, there is the danger of 
electric shock.

WARNING: Be sure not to operate electrical equipment with wet hands. Otherwise, there is 
the danger of electric shock.

WARNING: While the inverter is energized, be sure not to touch the inverter terminals even 
when the motor is stopped. Otherwise, there is the danger of electric shock.

WARNING: If the Retry Mode is selected, the motor may suddenly restart after a trip stop. Be 
sure to stop the inverter before approaching the machine (be sure to design the machine so that 
safety for personnel is secure even if it restarts.) Otherwise, it may cause injury to personnel.

WARNING: If the power supply is cut OFF for a short period of time, the inverter may restart 
operation after the power supply recovers if the Run command is active. If a restart may pose 
danger to personnel, so be sure to use a lock-out circuit so that it will not restart after power 
recovery. Otherwise, it may cause injury to personnel.

WARNING: The Stop Key is effective only when the Stop function is enabled. Be sure to 
enable the Stop Key separately from the emergency stop. Otherwise, it may cause injury to 
personnel.

WARNING: During a trip event, if the alarm reset is applied and the Run command is present, 
the inverter will automatically restart. Be sure to apply the alarm reset only after verifying the 
Run command is OFF. Otherwise, it may cause injury to personnel.

WARNING: Be sure not to touch the inside of the energized inverter or to put any conductive 
object into it. Otherwise, there is a danger of electric shock and/or fire.

WARNING: If power is turned ON when the Run command is already active, the motor will 
automatically start and injury may result. Before turning ON the power, confirm that the RUN 
command is not present.

WARNING: When the Stop key function is disabled, pressing the Stop key does not stop the 
inverter, nor will it reset a trip alarm.

WARNING: Be sure to provide a separate, hard-wired emergency stop switch when the appli-
cation warrants it. 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 565 of 2133



Optional Controlled Decel and Alarm at Power Loss

O
pe

ra
tio

ns
an

d 
M

on
ito

rin
g

4–4

Optional Controlled Decel and Alarm at Power Loss
With the default SJ300 inverter configuration, a sudden power loss will cause the inverter to 
shut down immediately. If running at the time, the motor and load will coast to a stop. And 
without power, the inverter’s alarm output will not activate. This default performance may be 
fine for applications with loads such as fans and pumps. However, some loads may require 
controlled decelerations upon power loss, or you may want an alarm signal upon power loss. 
This section describes how to harness regenerative energy so that the motor/load actually 
powers the inverter long enough to control a final deceleration and power the alarm output.

The diagram below shows the default configuration. Chapter 2 covered wiring the power source 
to the inverter input and the inverter output to the motor. By default, the inverter’s internal 
control circuit gets its power from two phases (R and T) from the input. The user-accessible
2-wire jumper (R–R0 and T–T0) connects input power to the control circuit.

To provide power to the control circuit after input power loss, you must change the control 
circuit wiring as shown below (steps provided on following page).

U

V

W
Motor

R

S

T

T

R

R0

T0

Power source, 
3-phase

2-wire 
jumper

P

PD

RB

N

To optional
braking resistor /

braking unitControl
circuit

Rectifier Inverter

Converter
DC bus

+

–

+

–

J51

Ferrite 
filter

SJ300

AL0

AL2

AL1

To external 
alarm circuit or 

interface

L1

L2

L3

T1

T2

T3

U

V

W
Motor

R

S

T

T

R

R0

T0

Power source, 
3-phase

2-wire 
jumper, 
20AWG

P

PD

RB

N

To optional
braking resistor /

braking unit
Control
circuit

Rectifier Inverter

Converter
DC bus

+

–

+

–

J51

Ferrite 
filter

SJ300

AL0

AL2

AL1

To external 
alarm circuit or 

interface

L1

L2

L3
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Follow the steps to implement the wiring change shown in the previous diagram.

1. Remove the 2-wire jumper J51 (terminals [R0] and [T0] to connector J51). 

2. Procure several inches of multi-strand 20 AWG (0.5mm2) or slightly heavier wire.

3. Connect a wire to terminal [R0] that is long enough to connect to terminal [P] (do not 
connect to [P] yet).

4. Connect a wire to terminal [T0] that is long enough to connect to terminal [N] (do not 
connect to [N] yet).

5. Remove the ferrite filter from the original jumper wire and then slide it onto the new wires 
connecting to terminals [R0] and [T0]. (Be sure to save the original jumper in a safe place.)

6. Connect the wire from [R0] to [P], and connect the wire from [T0] to [N] as shown.

More information on power loss related alarm functions, see “Instantaneous Power Failure / 
Under-voltage Signal” on page 4–51.

The following table lists the functions related to the controlled deceleration at power loss 
feature. After making the wiring change, use function B050 to enable the feature. Use B051 to 
determine the point at which a decaying DC bus voltage will trigger the controlled deceleration. 
Use parameter B054 to specify an initial step-wise deceleration at power loss, and B053 to 
specify the duration of the linear deceleration. Note that this feature also affects the output 
signals that indicate instantaneous power fail and under-voltage conditions (see “Instantaneous 
Power Failure / Under-voltage Signal” on page 4–51).

Func.
Code

Name Description Range

B050 Controlled deceleration and 
stop on power loss

Allows inverter control using regen-
erative energy to decelerate after loss 
of input power (requires jumper 
change)

Two option codes:
00Disable
01Enable

B051 DC bus voltage trigger level 
during power loss

Sets trigger for controlled decelera-
tion and stop on power loss function

0.0 to 1000.V

B052 Over-voltage threshold during 
power loss

Sets over-voltage threshold for 
controlled deceleration function

0.0 to 1000.V

B053 Deceleration time setting 
during power loss

Deceleration time inverter uses only 
at power loss 

0.01 to 99.99 sec. /
100.0 to 999.9 sec. /
1000 to 3600 sec.

B054 Initial output frequency 
decrease during power loss

Sets the initial decrease in output 
frequency upon power loss

0.00 to 10.00 Hz
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The timing diagram below shows a power loss scenario and the related parameter settings. 
During the controlled deceleration the inverter itself acts as a load to decelerate the motor. With 
either a high-inertia load or a short deceleration time (or both), it is possible that the inverter 
impedance will not be low enough to continue linear deceleration and avoid an over-voltage 
condition on the DC bus. Use parameter B052 to specify a threshold for the over-voltage. In 
this case, the inverter pauses deceleration (runs at constant speed). When the DC bus decays 
again below the threshold, linear deceleration resumes. The pause/resume process will repeat as 
necessary until the DC bus energy is depleted (under-voltage condition occurs).

NOTE: (1) Be sure to set the over-voltage threshold greater than the DC bus voltage trigger 
level (B052 > B051) for proper operation.
(2) Once the power loss deceleration function starts, it will complete and stop the motor even if 
input power is restored. In that case, it automatically enables the Run mode again.

DC bus (V)

Output
Frequency

Under-voltage 
level

B052

B051

B054

B053

t

t

0

0
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Connecting to PLCs and Other Devices
Hitachi inverters (drives) are useful in many types of applications. During installation, the 
inverter keypad (or other programming device) will facilitate the initial configuration. After 
installation, the inverter will generally receive its control commands through the control logic 
terminals or serial interface from another controlling device. In a simple application such as 
single-conveyor speed control, a Run/Stop switch and potentiometer will give the operator all 
the required control. In a sophisticated application, you may have a programmable logic 
controller (PLC) as the system controller with several connections to the inverter.

It is not possible to cover all the possible types of application in this manual. It will be neces-
sary for you to know the electrical characteristics of the devices you want to connect to the 
inverter. Then, this section and the following sections on I/O terminal functions can help you 
quickly and safely connect those devices to the inverter.

CAUTION:  It is possible to damage the inverter or other devices if your application exceeds 
the maximum current or voltage characteristics of a connection point.

The connections between the inverter 
and other devices rely on the electrical 
input/output characteristics at both ends 
of each connection, shown in the 
diagram to the right. The inverter can 
accept either sourcing or sinking type 
inputs from an external device (such as 
a PLC). A terminal jumper configures 
the input type, connecting the input 
circuit common to the supply (+) or (–). 
Detailed wiring examples are in “Using 
Intelligent Input Terminals” on page 4–
11. This chapter shows the inverter’s 
internal electrical component(s) at each 
I/O terminal and how to interface them 
with external circuits.

In order to avoid equipment damage and 
get your application running smoothly, 
we recommend drawing a schematic of 
each connection between the inverter 
and the other device. Include the 
internal components of each device in 
the schematic, so that it makes a 
complete circuit loop.

After making the schematic, then:

1. Verify that the current and voltage 
for each connection is within the 
operating limits of each device.

2. Make sure that the logic sense 
(active high or active low) of any 
ON/OFF connection is correct.

3. Verify inputs are configured 
correctly (sink/source) to interface 
to interface to any external devices (PLCs, etc.).

4. Check the zero and span (curve end points) for analog connections, and be sure the scale 
factor from input to output is correct.

5. Understand what will happen at the system level if any particular device suddenly loses 
power, or powers up after other devices.

5

3

1

7

6

4

2

8

Other device

Input
circuit

Output
circuit

SJ300 Inverter

Input
circuit

Output
circuit

Input
circuits

Inverter

Common

PLC

PLC

P24

CM1

+
–

24VDC
Jumper

Signal

Return

Signal

Return
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Example Wiring 
Diagram

The schematic diagram below provides a general example of logic connector wiring, in 
addition to basic power and motor wiring covered in Chapter 2. The goal of this chapter is to 
help you determine the proper connections for the various terminals shown below for your 
specific application needs.

U

V

W
Motor

R

S

T

Expansion
Card #1

(optional)

Expansion
Card #2

(optional)

T

R
R0

T0

Power source, 
3-phase

P24

PLC

FW

8

3

2

1

Forward

Reverse

Intelligent inputs, 
8 terminals

CM1

24VDC

TH

FM output 
monitor

Thermistor

H

O

O2

OI

L

AM

AMI

4 – 20mA

Analog GND

+
–

+
–

-10 / 0 / +10 VDC

0 – 10VDC

+
–

+10VDC
reference

100Ω

10kΩ

10kΩ

+10VDC reference

P

PD

RB

N

Braking
resistor

(optional)

SP

SN

RP

SN

RS-485 serial
communications

Jumper for
termination

Send/
receive100Ω

Intelligent relay output
(alarm function default)

Signals for expanded
features, including 
encoder feedback,

digital I/O, and
DeviceNet networking

Intelligent outputs,
5 terminals,

open-collector

CM2

11

12

13

14

15

Input
circuits

Output
circuits

FM

Braking
unit

(optional)

AM output 
monitor

AMI output 
monitor

Control
circuit

Recti-
fier

InverterConverter
DC bus

+

–

+

–

2-wire jumper J51

Ferrite filter

SJ300

AL0

AL2

AL1

NOTE: For the wiring of intel-
ligent I/O and analog inputs, 
be sure to use twisted pair / 
shielded cable. Attach the 
shield wire for each signal to 
its respective common termi-
nal at the inverter end only.

+ –

CM1

Default jumper position 
for –xFU/–xFR models 
(sourcing type inputs)

Default jumper position 
for –xFE models

(sinking type inputs)

L1

L2

L3

T1

T2

T3
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Specifications of 
Control and Logic 
Connections

The control logic connector board is removable for wiring convenience, as shown below (first, 
remove two retaining screws). The small connector to the left is for serial communications.

Specifications for the logic connection terminals are in the following table:

Alarm
relay

Logic
inputs

Analog 
inputs

Analog 
outputs

Logic
outputs

H O2

CM2

135 3 1 14

7 6 4 2 15

AL1

AL0 AL2

11

12

8FMAM

O OIL
SP SN RP SN

PowerSerial
communications

FWTH

PLC

CM1

P24 CM1AMI

Retaining screw locations

Terminal Name Description Ratings and Notes

[P24] +24V power for inputs 24VDC supply, 100 mA max.

[CM1] +24V common Common for 24V supply, [FW], [TH], inputs [1] to 
[8], and [FM]. (Note: Do not ground)

[PLC] Common for logic inputs Common for input terminals [1] to [8], jumper to 
CM1 for sinking, jumper to P24 for sourcing

[CM2] Common for logic outputs Common for output terminals [11] to [15]

[1], [2], [3], [4], [5], 
[6], [7], [8]

Intelligent (programmable) 
discrete logic inputs

27VDC max. (use [P24] or an external supply refer-
enced to terminal [CM1]), 4.7kΩ input impedance

[FW] Forward/stop command 27VDC max. (use [P24] or an external supply refer-
enced to terminal [CM1]), 4.7kΩ input impedance

[11], [12], [13], 
[14], [15]

Intelligent (programmable) 
discrete logic outputs

Open collector type, 50mA max. ON state current, 
27 VDC maximum OFF state voltage

[TH] Thermistor input Reference to [CM1], min. thermistor power 100mW

[FM] PWM output 0 to 10VDC, 1.2 mA max.,  50% duty cycle

[AM] Voltage analog output 0 to 10VDC, 2 mA max.

[AMI] Current analog output 4-20 mA, nominal load impedance 250Ω

[L] Common for analog inputs Sum of [OI], [O], and [H] currents (return)

[OI] Analog input, current 4 to 19.6 mA range, 20 mA nominal

[O] Analog input, voltage 0 to 9.6 VDC range, 10VDC nominal, 12VDC 
max., input impedance 10 kΩ

[H] +10V analog reference 10VDC nominal, 10 mA max.

[AL0] Relay common contact Contacts AL0–AL1, maximum loads:
   250VAC, 2A; 30VDC, 8A resistive load
   250VAC, 0.2A; 30VDC, 0.6A inductive load
Contacts AL0–AL2, maximum loads:
   250VAC, 1A; 30VDC 1A max. resistive load
   250VAC, 0.2A; 30VDC, 0.2A max. inductive load
Min. loads: 100 VAC, 10mA; 5VDC, 100mA

[AL1] Relay contact, normally 
closed during RUN 

[AL2] Relay contact, normally 
open during RUN
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Terminal Listing Use the following table to locate pages for intelligent input and output material in this chapter.

Intelligent INPUTS Intelligent OUTPUTS

Symbol Code Name Page Symbol Code Name Page

RV 01 Reverse Run/Stop 4–12 RUN 00 Run signal 4–43

CF1 02 Multi-speed select, Bit 0 (LSB) 4–13 FA1 01 Freq. arrival type 1 –
constant speed

4–44

CF2 03 Multi-speed select, Bit 1 4–13

CF3 04 Multi-speed select, Bit 2 4–13 FA2 02 Freq. arrival type 2 –
over-frequency

4–44

CF4 05 Multi-speed select, Bit 3 (LSB) 4–13

JG 06 Jogging 4–16 OL 03 Overload advance notice signal 4–46

DB 07 External DC braking 4–17 OD 04 Output deviation for PID control 4–47

SET 08 Set (select) second motor data 4–18 AL 05 Alarm signal 4–48

2CH 09 2-stage accel and decel 4–19 FA3 06 Freq. arrival type 3 – at freq. 4–44

FRS 11 Free-run stop 4–20 OTQ 07 Over-torque signal 4–50

EXT 12 External trip 4–21 IP 08 Instantaneous power failure signal 4–51

USP 13 Unattended start protection 4–22 UV 09 Under-voltage signal 4–51

CS 14 Commercial power source 4–23 TRQ 10 In torque limit signal 4–54

SFT 15 Software lock 4–25 RNT 11 Run time over 4–54

AT 16 Analog input voltage/current sel. 4–26 ONT 12 Power-ON time over 4–54

SET3 17 Set (select) 3rd motor data 4–18 THM 13 Thermal alarm signal 4–55

RS 18 Reset inverter 4–27 BRK 19 Brake release signal 4–58

STA 20 Start (3-wire interface) 4–29 BER 20 Brake error signal 4–58

STP 21 Stop (3-wire interface) 4–29 ZS 21 Zero speed detect 4–58

F/R 22 FW, RV (3-wire interface) 4–29 DSE 22 Speed deviation maximum 4–58

PID 23 PID ON/OFF 4–30 POK 23 Positioning completion 4–58

PIDC 24 PID Reset 4–30 FA4 24 Freq. arrival type 4 –
over-frequency (2)

4–44

CAS 26 Control gain setting 4–31

UP 27 Remote control Up func. 4–33 FA5 25 Freq. arrival type 5 –
at frequency (2)

4–44

DWN 28 Remote control Down func. 4–33

UDC 29 Remote control data clearing 4–33 OL2 26 Overload advance notice
signal (2)

4–46

OPE 31 Operator control 4–34

SF1–7 32–38 Multi-speed bits 1 to 7 4–13

OLR 39 Overload restriction 4–35

TL 40 Torque limit enable 4–37

TRQ1 41 Torque limit select, bit 1 (LSB) 4–37

TRQ2 42 Torque limit select, bit 2 (MSB) 4–37

PPI 43 P / PI mode selection 4–31

BOK 44 Brake confirmation signal 4–39

ORT 45 Orientation (home search) 4–41

LAC 46 LAC: LAD cancel 4–41

PCLR 47 Position deviation reset 4–41

STAT 48 Pulse train position cmd enable 4–41
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Using Intelligent Input Terminals
Intelligent terminals [1], [2], [3], [4], [5], [6], [7], and [8] are identical, programmable inputs 
for general use. The input circuits can use the inverter’s internal (isolated) +24V field supply 
(P24) to power the inputs. The input circuits connect internally to [PLC] as a common point. To 
use the internal supply to power the inputs, use the jumper as shown. Remove the jumper to use 
an external supply, or to interface to a PLC system (or other) that has solid state outputs. If you 
use an external supply or PLC system, its power return must connect to the [PLC] terminal on 
the inverter to complete the input circuit.

Input Wiring 
Examples

The following four input configurations are available to interface the inverter inputs to switches 
or the outputs of another system, such as a PLC.

5 3 17 6 4 28

Input circuits

+ –
24VDC

common

Sinking inputs,
internal supply

SJ300 inverter

5 3 1PLC CM1 7 6 4 28

Input circuits

+ –
24VDC

common

SJ300 inverter

5 3 17 6 4 28

Input circuits

+ –
24VDC

common

External
 power supply

SJ300 inverter

5 3 17 6 4 28

Input circuits

+ –
24VDC

common

SJ300 inverter

Sourcing inputs,
internal supply

Sinking inputs,
external supply

Sourcing inputs,
external supply

External
 power supply

P24

PLC CM1P24

PLC CM1P24

PLC CM1P24

+
–

+
–

Jumpered for sinking 
inputs (default for

–xFE models)

Jumpered for sourcing 
inputs (default for

–xFU/–xFR models)
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Wiring Diagram 
Conventions

The input wiring diagrams in this chapter are examples only. Default and non-default input 
terminal assignments are noted throughout; your particular assignments may be different. The 
wiring diagrams show the –xFU/–xFR model default [P24]–[PLC] jumper position (U.S./Jpn 
versions), as shown below on the left. The common (return) for inputs is [CM1] in this case. 
The diagram on the right shows the default jumper position and example input wiring for –xFE 
models (Europe version). For this case, the common (return) for inputs is [P24]. Be sure the 
jumper position and return terminal used match your application wiring needs.

Forward Run/
Stop and Reverse 
Run/Stop 
Commands

When you input the Run command via the dedicated terminal [FW], the inverter executes the 
Forward Run command (high) or Stop command (low). When you input the Run command via 
the programmable terminal [RV], the inverter executes the Reverse Run command (high) or 
Stop command (low).

NOTE: The parameter F004, Keypad Run Key Routing, determines whether the single Run 
key issues a Run FWD command or Run REV command. However, it has no effect on the [FW] 
and [RV] input terminal operation.

WARNING: If the power is turned ON and the Run command is already active, the motor 
starts rotation and is dangerous! Before turning power ON, confirm that the external Run 
command is not active.

5 3 14 2FWTH

PLCP24 CM1

5 3 14 2FWTH

PLCP24 CM1Default jumper
position [P24]–[PLC] 
and wiring example 

(used throughout this 
chapter)

–xFU/–xFR models (U.S./Jpn versions): –xFE models (Europe version):

Default jumper
position [PLC]–[CM1] 
and wiring example

return return

RVFW RVFW

Opt.
Code

Symbol Function Name State Description

— FW Forward Run/Stop ON Inverter is in Run Mode, motor runs 
forward

OFF Inverter is in Stop Mode, motor stops

01 RV Reverse Run/Stop ON Inverter is in Run Mode, motor runs 
reverse

OFF Inverter is in Stop Mode, motor stops

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A002 = 01

Notes: 
• When the Forward Run and Reverse Run 

commands are active at the same time, the 
inverter enters the Stop Mode.

• When a terminal associated with either [FW] 
or [RV] function is configured for normally 
closed, the motor starts rotation when that 
terminal is disconnected or otherwise has no 
input voltage.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Default input configuration 
shown—see page 3–47. Jumper position 
shown is for –xFU/-xFR models; for –xFE 
models, see examples above.)

RVFW
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Multi-Speed 
Select

The inverter can store up to 16 different fixed target frequencies (speeds) in parameters A020 
to A035. Binary inputs select the speed through four of the intelligent terminals configured as 
binary-encoded inputs CF1 to CF4 per the table. These can be any of the eight inputs, and in 
any order. You can use fewer inputs if you need eight or fewer speeds.

NOTE: When choosing a subset of speeds to use, always start at the top of the table, and with 
the least-significant bit: CF1, CF2, etc.

The example with eight speeds in the figure below shows how input switches configured for 
CF1 – CF3 functions can change the motor speed in real time.   

Multi-
speed

Input Function Multi-
speed

Input Function

CF4 CF3 CF2 CF1 CF4 CF3 CF2 CF1

Speed 0 0 0 0 0 Speed 8 1 0 0 0

Speed 1 0 0 0 1 Speed 9 1 0 0 1

Speed 2 0 0 1 0 Speed 10 1 0 1 0

Speed 3 0 0 1 1 Speed 11 1 0 1 1

Speed 4 0 1 0 0 Speed 12 1 1 0 0

Speed 5 0 1 0 1 Speed 13 1 1 0 1

Speed 6 0 1 1 0 Speed 14 1 1 1 0

Speed 7 0 1 1 1 Speed 15 1 1 1 1

0th

CF1

CF2

CF3

1st
2nd

6th

5th

4th

3rd
7th

Speed

Switches

Fwd Run

t
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While using the multi-speed capability, you can monitor the output frequency with monitor 
function D001 during each segment of a multi-speed operation.
There are two ways to program the speeds into the registers A020 to A035:

1. Standard keypad programming:

a. Select each parameter A020 to A035.

b. Press the  key to view the parameter value.

c. Use the   and  keys to edit the value.

d. Use the  key to save the data to memory.

2. Programming using the CF switches:

a. Turn the Run command OFF (Stop Mode).

b. Turn inputs ON to select desired Multi-speed. Display the value of F001 on the digital 
operator.

c. Set the desired output frequency by pressing the  and  keys.

d. Press the  key once to store the set frequency. When this occurs, F001 indicates the 
output frequency of the selected Multi-speed.

e. Press the  key once to confirm that the indication is the same as the set frequency.

f. Repeat operations in 2. a) to 2. e) to set the frequency of other Multi-speeds. It can be set 
also by parameters A020 to A035 in the first procedure 1. a) to 1. d).

Opt.
Code

Symbol Function Name
Input 
State

Description

02 CF1 Binary speed select, 
Bit 0 (LSB)

ON Bit 0, logical 1

OFF Bit 0, logical 0

03 CF2 Binary speed select, 
Bit 1

ON Bit 1, logical 1

OFF Bit 1, logical 0

04 CF3 Binary speed binary 
select, Bit 2

ON Bit 2, logical 1

OFF Bit 2, logical 0

05 CF4 Binary speed select, 
Bit 3 (MSB)

ON Bit 3, logical 1

OFF Bit 3, logical 0

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

F001, A020 to A035
A019=00

Notes: 
• When programming the multi-speed settings, 

be sure to press the Store key each time and 
then set the next multi-speed setting. Note 
that when the Store key is not pressed, no 
data will be set.

• When a multi-speed setting more than 
50Hz(60Hz) is to be set, it is necessary to 
program the maximum frequency A004 high 
enough to allow that speed.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

Example: (Some CF inputs require input 
configuration; some are default inputs—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

See I/O specs on page 4–9.

CF1 CF2
CF3

CF4

(LSB) (MSB)

FUNC.

1 2

STR

1 2

STR

FUNC.
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The Bit Operation method of speed control uses up to seven intelligent inputs to select from up 
to eight speeds. Since the all-switches-OFF combination selects the first speed, you only need 
N-1 switches to select N speeds. With Bit Operation speed control, only one input is normally 
active at a time. If multiple switches are ON, the lower numbered input takes precedence 
(determines the speed). The table and figure below show how the input combinations work.

The following table lists the option codes for assigning [SF1 to [SF7] to the intelligent inputs.

0th

SF1

SF2

SF3

3rd
4th

2nd

5th

1st

7th
6th

Speed

Switches

Fwd Run

SF4

SF5

SF6

SF7

Multi-
speed

Input Function

SF7 SF6 SF5 SF4 SF3 SF2 SF1

Speed 0 0 0 0 0 0 0 0

Speed 1 — — — — — — 1

Speed 2 — — — — — 1 0

Speed 3 — — — — 1 0 0

Speed 4 — — — 1 0 0 0

Speed 5 — — 1 0 0 0 0

Speed 6 — 1 0 0 0 0 0

Speed 7 1 0 0 0 0 0 0

Opt.
Code

Symbol Function Name Description

32 SF1 Bit-level speed select 1 Bit-level speed select, Bit 0

33 SF2 Bit-level speed select 2 Bit-level speed select, Bit 1

34 SF3 Bit-level speed select 3 Bit-level speed select, Bit 2

35 SF4 Bit-level speed select 4 Bit-level speed select, Bit 3

36 SF5 Bit-level speed select 5 Bit-level speed select, Bit 4

37 SF6 Bit-level speed select 6 Bit-level speed select, Bit 5

38 SF7 Bit-level speed select 7 Bit-level speed select, Bit 6

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

F001, A020 to A035
A019=00

Notes: 
• When all [SFx] inputs are OFF, the speed is 

set by default to the value in F001.
• When a multi-speed setting more than 

50Hz(60Hz) is to be set, it is necessary to 
program the maximum frequency A004 high 
enough to allow that speed.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.) SF1SF3SF5SF7

SF2SF4SF6
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Jogging 
Command

The Jog input [JG] is used to command the 
motor to rotate slowly in small increments 
for manual operation. The speed is limited 
to 10 Hz. The frequency for the jogging 
operation is set by parameter A038. Jogging 
does not use an acceleration ramp. There-
fore setting the jogging frequency A038 too 
high will cause inverter tripping.

A jog command may arrive while the motor 
is running. You can program the inverter to 
either ignore or respond to a jog command 
in this case by using function A039. The 
type of deceleration used to end a motor jog 
is also selectable by programming function A039. Six jog mode options are defined below:

In the left example diagram below, the Jog command is ignored. In the right example diagram, 
a jog command interrupts a Run mode operation. However, if the Jog command turns ON 
before the [FW] or [RV] terminal turns ON, the inverter output turns OFF.

Jogging During Motor Operation
Jog Deceleration Method

Disabled, A039= Enabled, A039=

00 03 Free-run stop (coasting)

01 04 Deceleration (normal level) and stop

02 05 Use DC braking and stop

Opt.
Code

Symbol Function Name
Input 
State

Description

06 JG Jogging ON Enters Jog Mode if enabled (see above)

OFF Jog is OFF

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A002= 01, A038 > B082, 
A038 > 0, A039=00 to 05

Notes: 
• Jogging is not performed when the value of 

A038 jogging frequency is smaller than the 
start frequency B082 or the value is 0 Hz.

• Be sure to turn ON [FW] or [RV] after the 
[JG] input turns ON for a jog operation.

• When setting A039 to 02 or 05, you must also 
set the DC braking parameters.

[JG]

[FW]

Jog decel type

[RV]

Output
frequency

A038

A039

t

[JG]

[FW]

Output
frequency

A039=00, 01, 02

Decelerating stop (00) shown

[JG]

[FW]

Output
frequency

A039=03, 04, 05

Free-run stop (05) shown

A038 A038

tt

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Default input configuration 
shown—see page 3–47. Jumper position 
shown is for –xFU/-xFR models; for –xFE 
models, see page 4–12.)

JG
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External Signal 
for DC Braking

When the terminal [DB] is turned ON, the 
DC braking [DB] feature is enabled. Set the 
following parameters when the external DC 
braking terminal is to be used:

• A053 – DC braking delay time setting. 
The range 0.0 to 5.0 seconds.

• A054 – DC braking force setting. The 
range is 0 to 100%. 

The scenarios to the right help show how 
DC braking works in various situations. 

1. Scenario 1 – The [FW] Run or [RV] 
Run terminal is ON. When the [DB] 
terminal turns ON, DC braking is 
applied. When the [DB] terminal turns 
OFF again, the inverter output ramps to 
the previous frequency.

2. Scenario 2 – The Run command is 
applied from the operator keypad. When 
the [DB] terminal turns ON, DC braking 
is applied. When the [DB] terminal 
turns OFF again, the inverter output 
remains OFF.

3. Scenario 3 – The Run command is 
applied from the operator keypad. When 
the [DB] terminal turns ON, DC braking 
is applied after the delay time set by 
A053 expires. The motor is in a free-
running (coasting) condition during this 
delay time. When the [DB] terminal 
turns OFF again, the inverter output 
remains OFF.

Opt.
Code

Symbol Function Name Input 
State

Description

07 DB External Signal for 
DC Injection 
Braking

ON applies DC injection braking during 
deceleration

OFF does not apply DC injection braking 
during deceleration

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A053, A054

Notes: 
• Do not use the [DB] input continuously or for 

a long time when the DC braking force 
setting A054 is high (depends on the motor 
application).

• Do not use the [DB] feature for continuous or 
high duty cycle as a holding brake. The [DB] 
input is designed to improve stopping perfor-
mance. Use a mechanical brake for holding a 
stop position.

Output
frequency

[FW, RV]

[DB]

Scenario 1

Output
frequency

Run command 
from operator)

Scenario 2

Output
frequency

Scenario 3

[DB]

Run command 
from operator)

[DB]

A053

t

t

t

delay

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

DB
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Set Second or 
Third Motors

If you assign the [SET] or [SET3] functions to an intelligent input terminal, you can select 
between two or three sets of motor parameters. You may assign one or both of these functions. 
These second and third parameters store alternate sets of motor characteristics. When terminal 
[SET] or [SET3] is turned ON, the inverter will use the second or third set of parameters 
accordingly, generating the frequency output to the motor. When changing the state of the 
[SET] or [SET3] input terminal, the change will not take effect until the inverter is stopped.

When you turn ON the [SET] or [SET3] input, the inverter operates per the second or third set 
of parameters, respectively. When the terminal is turned OFF, the output function returns to the 
original settings (first set of motor parameters). Refer to “Configuring the Inverter for Multiple 
Motors” on page 4–72 for details.

Opt.
Code Symbol Function Name

Input 
State Description

08 SET Set 2nd Motor ON causes the inverter to use the 2nd set of 
motor parameters for generating the 
frequency output to motor

OFF causes the inverter to default to the 1st 
(main) set of motor parameters for gener-
ating the frequency output to motor

17 SET3 Set 3rd Motor ON causes the inverter to use the 3rd set of 
motor parameters for generating the 
frequency output to motor

OFF causes the inverter to default to the 1st 
(main) set of motor parameters for gener-
ating the frequency output to motor

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

(none)

Notes: 
• If the terminal state is changed while the 

inverter is running, the inverter continues 
using the current set of parameters until the 
inverter is stopped.

• If both SET and SET3 are ON at the same 
time, SET prevails and the 2nd motor param-
eters are in effect.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

SET
SET3
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Two-stage
Acceleration and 
Deceleration

When terminal [2CH] is turned ON, the 
inverter changes the rate of acceleration and 
deceleration from the initial settings (F002 
and F003) to use the second set of accelera-
tion/deceleration values. When the terminal 
is turned OFF, the inverter is returned to the 
original acceleration and deceleration time 
(F002 acceleration time 1, and F003 decel-
eration time 1). Use A092 (acceleration 
time 2) and A093 (deceleration time 2) to 
set the second stage acceleration and decel-
eration times.

In the graph shown above, the [2CH] signal becomes active during acceleration. This causes the 
inverter to switch from using acceleration 1 (F002) to acceleration 2 (A092).

Opt.
Code

Symbol Function Name
Input 
State

Description

09 2CH Two-stage Accelera-
tion and Decelera-
tion

ON Frequency output uses 2nd-stage accelera-
tion and deceleration values

OFF Frequency output uses the initial accelera-
tion 1 and deceleration 1 values

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A092, A093, A094=0

Notes: 
• Function A094 selects the method for second 

stage acceleration. It must be set = 00 to 
select the input terminal method in order for 
the [2CH] terminal assignment to operate.

Output
frequency

[FW, RV]

t

target frequency

initial

second

Input
signals

[2CH]

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Default input configuration 
shown—see page 3–47. Jumper position 
shown is for –xFU/-xFR models; for –xFE 
models, see page 4–12.)

2CH
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Free-run Stop When the terminal [FRS] is turned ON, the inverter turns OFF the output and the motor enters 
the free-run state (coasting). If terminal [FRS] is turned OFF, the output resumes sending power 
to the motor if the Run command is still active. The free-run stop feature works with other 
parameters to provide flexibility in stopping and starting motor rotation.

In the figure below, parameter B088 selects whether the inverter resumes operation from 0 Hz 
(left graph) or the current motor rotation speed (right graph) when the [FRS] terminal turns 
OFF. The application determines the best setting.

Parameter B003 specifies a delay time before resuming operation from a free-run stop. To 
disable this feature, use a zero delay time.

FRS

Switches

Motor 
speed

[FW, RV]

Zero-frequency start

FRS

Switches

Motor 
speed

Resume from current speed

wait time

[FW, RV]

B003

B088=01B088=00Resume from 0Hz

t t

Opt.
Code

Symbol Function Name
Input 
State

Description

11 FRS Free-run Stop ON Causes output to turn OFF, allowing 
motor to free run (coast) to stop

OFF Output operates normally, so controlled 
deceleration stops motor

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

B003, B088, C011 to C018

Notes: 
• When you want the [FRS] terminal to be 

active low (normally closed logic), change 
the setting (C011 to C018) that corresponds 
to the input (C001 to C008) that is assigned 
the [FRS] function.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Default input configuration 
shown—see page 3–47. Jumper position 
shown is for –xFU/-xFR models; for –xFE 
models, see page 4–12.)

FRS

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 582 of 2133



SJ300 Inverter

O
perations

and M
onitoring

4–21

External Trip When the terminal [EXT] is turned ON, the inverter enters the trip state, indicates error code 
E12, and stops the output. This is a general purpose interrupt type feature, and the meaning of 
the error depends on what you connect to the [EXT] terminal. Even if [EXT] is turned OFF, the 
inverter remains in the trip state. You must reset the inverter or cycle power to clear the error, 
returning the inverter to the Stop Mode.

In the graph below, the [EXT] input turns ON during normal Run Mode operation. The inverter 
lets the motor free-run to a stop, and the alarm output turns ON immediately. When the 
operator initiates a Reset command, the alarm and error are cleared. When the Reset is turned 
OFF, the motor begins rotation since the Run command is already active. 

Opt.
Code Symbol Function Name Input 

State Description

12 EXT External Trip ON When assigned input transitions OFF to 
ON, inverter latches trip event and 
displays E12

OFF No trip event for ON to OFF, any recorded 
trip events remain in history until Reset

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

(none)

Notes: 
• If the USP (Unattended Start Protection) 

feature is in use, the inverter will not automat-
ically restart after cancelling the EXT trip 
event. In that case, it must receive either 
another Run command (OFF-to-ON transi-
tion), a keypad Reset command, or an [RS] 
intelligent terminal input signal.

[EXT]

 [FW, RV]

[RS]

Motor revolution speed

Alarm output terminal

t

 free run

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

EXT
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Unattended Start 
Protection

If the Run command is already present when power is turned ON, the inverter starts running 
immediately after powerup. The Unattended Start Protection (USP) function prevents that 
automatic startup, so that the inverter will not run without outside intervention. When USP is 
active, there are two ways to reset an alarm and resume running:

1. Turn the Run command OFF, or

2. Perform a reset operation by the terminal [RS] input or the keypad Stop/reset key

The three examples below show how the USP function works in the scenarios described at the 
bottom of the diagram. The error code E13 indicates the USP trip state and corresponds to the 
Alarm signal in the diagram.  

Opt.
Code

Symbol Function Name Input 
State

Description

13 USP Unattended Start 
Protection

ON At powerup, the inverter will not resume a 
Run command

OFF At powerup, the inverter will resume a 
Run command that was active before 
power loss

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

(none)

Notes: 
• Note that when a USP error occurs and it is 

canceled by a reset from the [RS] terminal 
input or keypad, the inverter restarts immedi-
ately.

• Even when the trip state is canceled by turning 
the terminal [RS] ON and OFF after an under- 
voltage trip E09 occurs, the USP function will 
be performed.

• When the Run command is active immediately 
after the power is turned ON, a USP error will 
occur. When this function is used, wait for at 
least three (3) seconds after powerup before 
applying a Run command.

Power
supply

[FW]

Output
frequency

When USP is ON after powerup, the 
alarm (E13) will clear when the Run 
command (FW or RV) turns OFF.

[USP]

[RS]

Alarm

If the alarm is cleared 
during Run command, 
the inverter output 
restarts automatically.

If the Run command is 
already OFF at powerup, 
the inverter output starts 
normally.

Example 1 Example 2 Example 3

t

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Dfault input configuration 
shown for -FU models; -FE and -F models 
require input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

USP
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Commercial 
Power Source 
Switching

The commercial power source switching function is useful in systems with excessive starting 
torque requirements. This feature permits the motor to be started “across the line,” sometimes 
called a bypass configuration. After the motor is running, the inverter takes over to control the 
speed. This feature can eliminate the need to oversize the inverter, reducing cost. However, 
additional hardware such as magnetic contactors will be required to realize this function. For 
example, a system may require 55KW to start, but only 15KW to run at constant speed. There-
fore, a 15KW rated inverter would be sufficient when using the commercial power source 
switching.

The following block diagram shows an inverter system with bypass capability. When starting 
the motor directly across the line, relay contacts Mg2 are closed, and Mg1 and Mg3 are open. 
This is the bypass configuration, since the inverter is isolated from the power source and motor. 
Then Mg1 contacts close about 0.5 to 1 second after that, supplying power to the inverter.

Switching to inverter control occurs after the motor is running at full speed. First, Mg2 relay 
contacts open. Then about 0.5 to 1 seconds later, relay Mg3 contacts close, connecting the 
inverter to the motor. The following timing diagram shows the event sequence:

U

V

W
Motor

R

S

T

R0

T0

SJ300

H

O

L

FW

[RV]

[CS]

CM1

Mg3
MCCB

Mg1
GFI

Mg2

Thermal
switch

Power source, 3-phase

AL0

AL2

AL1

L1

L2

L3

Mg1

Mg2

Mg3

FW

[CS]

Mg2/Mg3 delay time 0.5 to 1 sec.

Set to 0.5 to 1 sec. typical

Frequency matching

Inverter 
output

Normal operation

B003 (Retry wait time
before motor restart)
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In the previous timing diagram, when the motor has been started across the line, Mg2 is 
switched OFF and Mg3 is switched ON. With the Forward command to the inverter already 
ON, the [CS] terminal is switched ON and relay Mg1 contacts close. The inverter will then read 
the motor RPM (frequency matching). When the [CS] terminal is switched OFF, the inverter 
applies the Retry wait time before motor restart parameter (B003).

Once the delay time has elapsed the inverter will then start and match the frequency (if greater 
than the threshold set by B007). If the ground fault interrupter breaker (GFI) trips on a ground 
fault, the bypass circuit will not operate the motor. When an inverter backup is required, take 
the supply from the bypass circuit GFI. Use control relays for [FW], [RV], and [CS].

The commercial power source switching function requires you to assign [CS] to an intelligent 
input terminal, using option code 14.

Opt.
Code

Symbol Function Name Input 
State

Description

14 CS Commercial Power 
Change

ON OFF-to-ON transition signals the inverter 
that the motor is already running at 
powerup (via bypass), thus suppressing 
the inverter’s motor output in Run Mode

OFF ON-to-OFF transition signals the inverter 
to apply a time delay (B003), frequency 
match its output to existing motor speed, 
and resume normal Run Mode operation

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

B003, B007

Notes: 
• If an over-current trip occurs during frequency 

matching, extend the retry wait time B003.
5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

CS
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Software Lock When the terminal [SFT] is turned ON, the data of all the parameters and functions (except the 
output frequency, depending on the setting of B031) is locked (prohibited from editing). When 
the data is locked, the keypad keys cannot edit inverter parameters. To edit parameters again, 
turn OFF the [SFT] terminal input.

Use parameter B031 to select whether the output frequency is excluded from the lock state or is 
locked as well.

Opt.
Code

Symbol Function Name
Input 
State

Description

15 SFT Software Lock ON The keypad and remote programming 
devices are prevented from changing 
parameters

OFF The parameters may be edited and stored

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

B031 (excluded from lock)

Notes: 
• When the [SFT] terminal is turned ON, only 

the output frequency can be changed.
• Software lock can include the output 

frequency by setting B031.
• Software lock by the operator is also possible 

without the [SFT] terminal being used 
(B031).

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

SFT
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Analog Input 
Current/Voltage 
Select

The [AT] terminal operates in conjunction with parameter setting A005 to determine the analog 
input terminals that are enabled for current or voltage input. Setting A006 determines whether 
the signal will be bipolar, allowing for a reverse direction range. Note that current input signal 
cannot be bipolar and cannot reverse direction (must use [FW] and [RV] command with current 
input operation). The following table shows the basic operation of the [AT] intelligent input. 
Please refer to “Analog Input Operation” on page 4–59 for more information on bipolar input 
configuration, and the operating characteristics of analog inputs.

Opt.
Code

Symbol Function Name
Input 
State

Description

16 AT Analog Input 
Voltage/current 
Select

ON • With A005 = 00, [AT] will enable 
terminals [OI]–[L] for current input,
4 to 20mA

• With A005=01, [AT] will enable termi-
nals [O2]–[L] for voltage input

OFF Terminals [O]–[L] are enabled for voltage 
input (A005 may be equal to 00 or 01) in 
this case

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A001 = 01
A005 = 00 / 01
A006 = 00 / 01 / 02

Notes: 
• Be sure to set the frequency source setting 

A001=01 to select the analog input terminals.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Default input configuration 
shown—see page 3–47. Jumper position 
shown is for –xFU/-xFR models; for –xFE 
models, see page 4–12.)

AT
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Reset Inverter The [RS] terminal causes the inverter to 
execute the reset operation. If the inverter is 
in Trip Mode, the reset cancels the Trip 
state. When the signal [RS] is turned ON 
and OFF, the inverter executes the reset 
operation. The minimum pulse width for 
[RS] must be 12 ms or greater. The alarm 
output will be cleared within 30 ms after the 
onset of the Reset command.

WARNING: After the Reset command is given and the alarm reset occurs, the motor will 
restart suddenly if the Run command is already active. Be sure to set the alarm reset after 
verifying that the Run command is OFF to prevent injury to personnel.

Opt.
Code

Symbol Function Name
Input 
State

Description

18 RS Reset Inverter ON The motor output is turned OFF, the Trip 
Mode is cleared (if it exists), and powerup 
reset is applied

OFF Normal power-on operation

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

B003, B007, C102, C103

Notes: 
• When the control terminal [RS] input is 

already ON at powerup for more than 4 
seconds, the remote operator display is “R-
ERROR COMM<2>” (the display of the 
digital operator is –  –  –  –). However, the 
inverter has no error. To clear the digital 
operator error, turn OFF the terminal [RS] 
input and press one of the operator keys.

• The active edge (leading or trailing) of the [RS] signal is determined by the setting of 
C102.

• A terminal configured with the [RS] function can only be configured as a normally open 
contact. The terminal cannot be used in the normally closed contact state.

• When input power is turned ON, the inverter performs the same reset operation as it does 
when a pulse on the [RS] terminal occurs.

[RS]

Alarm  output

t

12 ms
minimum

approx. 30 ms

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Default input configuration 
shown—see page 3–47. Jumper position 
shown is for –xFU/-xFR models; for –xFE 
models, see page 4–12.)

RS
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4–28

Thermistor 
Thermal
Protection

Motors that are equipped with a thermistor can be protected from overheating. Input terminal 
[TH] is dedicated to sense a thermistor resistance. The input can be set up (via B098 and B099) 
to accept a wide variety of NTC or PTC type thermistors. Use this function to protect the motor 
from overheating.

Opt.
Code

Symbol Function Name
Input 
State

Description

— TH Thermistor Thermal 
Protection

Sensor When a thermistor is connected between 
to terminals [TH] and [CM1], the inverter 
checks for over-temperature and will 
cause a trip (E35) and turn OFF the output 
to the motor

Open An open circuit in the thermistor causes a 
trip, and the inverter turns OFF the output

Valid for 
inputs:

[TH] only

Required 
settings:

B098 and B099

Notes: 
• Be sure the thermistor is connected to termi-

nals [TH] and [CM1]. If the resistance is 
above or below (depending on whether NTC 
or PTC) the threshold the inverter will trip. 
When the motor cools down enough, the 
thermistor resistance will change enough to 
permit you to clear the error. Press the STOP/
Reset key to clear the error. 

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

Example:

See I/O specs on page 4–9.

TH

thermistor

Motor
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Three-wire
Interface
Operation

The 3-wire interface is an industry standard motor control interface. This function uses two 
inputs for momentary contact start/stop control, and a third for selecting forward or reverse 
direction. To implement the 3-wire interface, assign 20 [STA] (Start), 21 [STP] (Stop), and 22 
[F/R] (Forward/Reverse) to three of the intelligent input terminals. Use momentary contact for 
Start and Stop. Use a selector switch, such as SPST for the Forward/Reverse input. Be sure to 
set the operation command selection A002=01 for input terminal control of motor.

If you have a motor control interface that needs logic-level control (rather than momentary 
pulse control), use the [FW] and [RV] inputs instead.

The diagram below shows the use of 3-wire control. STA (Start Motor) is an edge-sensitive 
input; an OFF-to-ON transition gives the Start command. The control of direction is level-
sensitive, and the direction may be changed at any time. STP (Stop Motor) is also a level-
sensitive input.

Opt.
Code

Symbol Function Name
Input 
State

Description

20 STA Start Motor ON Start motor rotation on momentary 
contact (uses acceleration profile)

OFF No change to motor operation

21 STP Stop Motor ON No change to motor operation

OFF Stop motor rotation on momentary contact 
(uses deceleration profile)

22 F/R Forward/Reverse ON Select reverse direction of rotation

OFF Select forward direction of rotation

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A002=01

Notes: 
• The STP logic is inverted. Normally the 

switch will be closed, so you open the switch 
to stop. In this way, a broken wire causes the 
motor to stop automatically (safe design).

• When you configure the inverter for 3-wire 
interface control, the dedicated [FW] terminal 
is automatically disabled. The [RV] intelligent 
terminal assignment is also disabled.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

F/R STA
STP

[STA] terminal

[F/R] terminal

[STP] terminal

Motor revolution speed Forward

Reverse

t
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4–30

PID ON/OFF
and PID Clear

The PID loop function is useful for controlling motor speed to achieve constant flow, pressure, 
temperature, etc. in many process applications. The PID Disable function temporarily suspends 
PID loop execution via an intelligent input terminal. It overrides the parameter A071 (PID 
Enable) to stop PID execution and return to normal motor frequency output characteristics. the 
use of PID Disable on an intelligent input terminal is optional. Of course, any use of the PID 
loop control requires setting PID Enable function A071=01.

The PID Clear function forces the PID loop integrator sum = 0. So, when you turn ON an intel-
ligent input configured as [PIDC], the integrator sum is reset to zero. This is useful when 
switching from manual control to PID loop control and the motor is stopped.

CAUTION: Be careful not to turn PID Clear ON and reset the integrator sum when the inverter 
is in Run Mode (output to motor is ON). Otherwise, this could cause the motor to decelerate 
rapidly, resulting in a trip.

Opt.
Code

Symbol Function Name
Input 
State

Description

23 PID PID Disable ON Disables PID loop execution

OFF Allows PID loop execution if A71=01

24 PIDC PID Clear ON Force the value of the integrator to zero

OFF No change to PID loop execution

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A071

Notes: 
• The use of [PID] and [PIDC] terminals are 

optional. Use A071=01 if you want PID loop 
control enabled all the time.

• Do not enable/disable PID control while the 
motor is running (inverter is in Run Mode).

• Do not turn ON the [PIDC] input while the 
motor is running (inverter is in Run Mode).

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

PIDC
PID
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Internal Speed 
Loop Gain 
Settings

When sensorless vector control, 0Hz sensorless vector control, or vector control with sensor is 
selected for the control method, the Control Gain Switching function selects between two sets 
of gains in the internal speed loop. These gains are used in proportional and integral compensa-
tion. Use option code 26 to assign the [CAS] function to an intelligent input terminal. Use 
option code 43 to select between P and PI control.

The table below lists the functions and parameter settings related to internal speed loop gains. 

Opt.
Code

Symbol Function Name
Input 
State

Description

26 CAS Control Gain 
Switching

ON Gains in parameters H070, H071, and 
H072 are selected

OFF Gains in parameters H050, H051, H052; 
or, H250, H251, H252 (2nd motor) are 
selected

43 PPI P / PI Control 
Switching

ON Selects Proportional control (P)

OFF Selects Proportional-Integral control (PI)

Valid for 
inputs:

C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A044 / A244 / A344 =
03 (SLV), or
04 (0 Hz domain), or
05 (V2)

Notes: 
• When Control Gain Switching is not selected 

for an intelligent input terminal, the default 
gains in effect correspond to the OFF state of 
[CAS].

Function Code Parameter Setting Range Description

A044 / A244 /
A344

Control method 
selection

03 SLV (does not use A344)

04 0-Hz Domain SLV (does not 
use A344) 

05 V2 (does not use A244 or 
A344)

C001 - C008 Intelligent input 
selection

43 PPI : P/I switching

H005 / H205 Speed response 0.001 to 65.53 No dimension

H050 / H250 PI proportional gain 0.0 to 999.9/1000 % gain

H051 / H251 PI integral gain 0.0 to 999.9/1000 % gain

H052 / H252 P proportional gain 0.01 to 10.00 No dimension

H070 PI proportional gain 
for switching

0.0 to 999.9/1000 % gain

H071 PI integral gain for 
switching

0.0 to 999.9/1000 % gain

H072 P proportional gain 
for switching

0.0 to 10.0 No dimension

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O 
specs on 
page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

PPI
CAS

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 593 of 2133



Using Intelligent Input Terminals

O
pe

ra
tio

ns
an

d 
M

on
ito

rin
g

4–32

The speed control mode is normally proportional-
integral compensation (PI), which attempts to 
keep the deviation between the actual speed and 
speed command equal to zero. You can also select 
proportional (P) control function, which can be 
used for droop control (i.e. several inverters 
driving one load). Droop is the speed difference 
resulting from P control versus PI control at 100% 
output torque as shown in the graph. Set the P/PI 
switching function (option 43) to one of the intel-
ligent input terminals [1] to [8]. When the P/PI 
input terminal is ON, the control mode becomes 
proportional control (P). When the P/PI input 
terminal is OFF, the control mode becomes 
proportional-integral control.

The proportional gain Kpp value determines the 
droop. Set the desired value using parameter 
H052. The relationship between the Kpp value and the droop is shown below: 

The relationship between the droop and the rated rotation speed is shown below:

0
Speed of rotation

Torque
P Control

Droop

100%

PI Control

Droop 10
(Kpp Set Value)
-------------------------------- %( )=

Droop Speed error at rated torque
Synchronous speed base frequency
----------------------------------------------------------------------=
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Remote Control 
Up and Down 
Functions

The [UP] [DWN] terminal functions can adjust the output frequency for remote control while 
the motor is running. The acceleration time and deceleration time used with this function is the 
same as for normal operation ACC1 and DEC1 (2ACC1,2DEC1). The input terminals operate 
as follows:

• Acceleration - When the [UP] contact is turned ON, the output frequency accelerates from 
the current value. When it is turned OFF, the output frequency maintains its current value.

• Deceleration - When the [DWN] contact is turned ON, the output frequency decelerates 
from the current value. When it is turned OFF, the output frequency maintains its current 
value.

In the graph below, the [UP] and [DWN] terminals activate while the Run command remains 
ON. The output frequency responds to the [UP] and [DWN] commands. 

It is possible for the inverter to retain the frequency set from the [UP] and [DWN] terminals 
through a power loss. Parameter C101 enables/disables the memory. If disabled, the inverter 
retains the last frequency before an UP/DWN adjustment. Use the [UDC] terminal to clear the 
memory and return to the original set output frequency.

Opt.
Code Symbol Function Name

Input 
State Description

27 UP Remote Control 
UP Function

ON Accelerates (increases output frequency) 
motor from current frequency

OFF Output to motor operates normally

28 DWN Remote Control 
DOWN Function

ON Decelerates (decreases output frequency) 
motor from current frequency

OFF Output to motor operates normally

29 UDC Remote Control 
Data Clear

ON Clears the Up/down frequency memory

OFF No effect on Up/down memory

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A001 = 02
C101 = 01 (enables memory)

Notes: 
• This feature is available only when the 

frequency command source is programmed 
for operator control. Confirm A001 is set to 
02.

• This function is not available when [JG] is in 
use.

• The range of output frequency is 0 Hz to the 
value in A004 (maximum frequency setting).

• The Remote Control Up/Down function 
varies the inverter speed by directly writing to 
the F001 output frequency setting.

Output
frequency

[UP]

[FW, RV]

[DWN]

t

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

UDC DWN
UP
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4–34

Force Operation 
from Digital 
Operator

This function permits a digital operator interface to override the Run command source setting 
(A002) when it is configured for a source other than the operator interface. When the [OPE] 
terminal is ON and the operator interface gives a Run command, the inverter uses the standard 
output frequency settings to operate the motor.

Opt.
Code

Symbol Function Name
Input 
State

Description

31 OPE Force Operation 
from Digital 
Operator

ON Forces the operator interface Run 
command to over-ride commands from 
input terminals (such as [FW], [RV]).

OFF Run command operates normally, as 
configured by A002

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

A001
A002 (set not equal to 02)

Notes: 
• When changing the [OPE] state during Run 

Mode (inverter is driving the motor), the 
inverter will stop the motor before the new 
[OPE] state takes effect.

• If the [OPE] input turns ON and the digital 
operator gives a Run command while the 
inverter is already running, the inverter stops 
the motor. Then the digital operator can 
control the motor. 

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

OPE
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Overload
Restriction

The inverter constantly monitors the motor current during acceleration, deceleration, and 
constant speed. If the inverter reaches the overload restriction level, it adjusts the output 
frequency automatically to limit the amount of overload. This function prevents an over-current 
trip by inertia during rapid acceleration or large changes in load at constant speed. It also 
attempts to prevent an over-voltage trip on deceleration due to regeneration. It accomplishes 
this by temporarily suspending deceleration and/or increasing the frequency in order to dissi-
pate regenerative energy. Once the DC bus voltage falls sufficiently, deceleration will resume.

OLR Parameter Selection – Two sets of overload restriction parameter settings and values are 
available as outlined in the table below. Use the B021—B026 group of settings to configure the 
two set of parameters as needed. By assigning the Overload Restriction function [OLR] to an 
intelligent terminal, you can select the set of restriction parameters that is in effect.   

Function
Function Code

Data or Range Description
Set 1 Set 2

Overload Restriction 
Operation Mode

B021 B024 00 Disable

01 Enabled during accel 
and constant speed

02 Enabled during constant 
speed

03 Enabled during accel, 
constant speed, and 
decel

Overload Restriction 
Setting

B022 B025 Rated current * 0.5 
to rated current * 2

Current value at which 
the restriction begins

Deceleration Rate at 
Overload Restriction

B023 B026 0.1 to 30 seconds Deceleration time when 
overload restriction 
operates

Opt.
Code

Symbol Function Name Input 
State

Description

39 OLR Overload Restric-
tion Selection

ON Selects Overload Restriction Set 2,
B024, B025, B026 settings in effect

OFF Selects Overload Restriction Set 1,
B021, B022, B023 settings in effect

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

B021, B022, B023 (Mode 1),
B024, B025, B026 (Mode 2)

Notes: 
• If the overload restriction constant (B023 or 

B026) is set too short, an over-voltage trip 
during deceleration will occur due to regener-
ative energy from the motor.

• When an overload restriction occurs during 
acceleration, the motor will take longer to 
reach the target frequency, or may not reach 
it. The inverter will make the following 
adjustments:
a) Increase the acceleration time
b) Raise torque boost
c) Raise overload restriction level

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

OLR
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4–36

The figure below shows the operation during an overload restriction event. The overload 
restriction level is set by B022 and B025. The overload restriction constant is the time to decel-
erate to 0Hz from maximum frequency. When this function operates, the acceleration time will 
be longer than the normal acceleration time. 

NOTE: The Overload Advance Notice function for intelligent outputs is related to Overload 
Restriction operation, discussed in “Overload Advance Notice Signal” on page 4–46.

Overload
restriction level

Maximum 
frequency

Output
frequency

Target frequency

Deceleration rate at overload restriction

Deceleration rate
at overload restriction

A004

F001

B022 / B025

B023 / B026

B022 / B025

t
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Torque Limit The Torque Limit function limits the motor output torque for sensorless vector control, sensor-
less vector control 0Hz domain, or vector control with feedback.

In the torque limit function, the following operational modes are available (selected by B040):

1. Four-quadrant individual setting mode – This mode sets torque limit in 4 zones, forward 
driving and regenerating, reverse driving and regenerating. Limits for each quadrant are set 
with B041 – B044 individually.

2. Terminal selection mode – By use of torque limit select intelligent input terminals 1 and 2, 
this mode changes and uses torque limits 1 – 4 set in B041 – B044. Selected torque limit 
range is valid in all four quadrants.

3. Analog input mode – This mode sets torque limit value by the voltage applied to terminal 
[O2] (referenced to [L] for ground. An input of 0 – 10V corresponds to the torque limit 
value of 0 to 200%. The selected torque limit value is valid in all four quadrants (whether 
forward or reverse move, driving or regenerating).

4. Expansion Cards 1 and 2 – This function is valid when using the expansion card (SJ-DG). 
Please refer to the SJ-DG instruction manual.

When the torque limit enable function [TL] is assigned to an intelligent input terminal, torque 
limiting occurs only when [TL] is ON. When the [TL] input is OFF, the inverter always uses the 
default torque control limit of 200% maximum. That torque limit value corresponds to 200% of 
the maximum inverter output current. Therefore, the output torque also depends on the particu-
lar motor in use. When the over-torque output [OTQ] is assigned in the intelligent output selec-
tion, it turns ON when the inverter is performing torque limiting.

Note 1: Unavailable for A344
Note 2: Unavailable for A244 and A344

Code Function Data or Range Description

A044 /
A244

Control method 
selection

00
01
02
03
04
05

V/f Constant torque
V/f Variable torque
V/f Free-setting torque *1
Sensorless vector *1
Sensorless vector, 0 Hz domain *1
Vector control with sensor *2

B040

Torque limit
selection

00
01
02
03
04

4-quadrant individual setting
Terminal selection
Analog [O2] input
Expansion card 1
Expansion card 2

B041 Torque limit 1 0 to 200% Forward-driving in 4-quadrant mode

B042 Torque limit 2 0 to 200% Reverse-regenerating in 4-quadrant 
mode

B043 Torque limit 3 0 to 200% Reverse-driving in 4-quadrant mode

B044 Torque limit 4 0 to 200% Forward-regenerating in 4-quadrant 
mode

C001
to

C008

Intelligent input 
terminal [1] to [8] 
function

40
41
42

Torque limit enable
Torque limit selection, bit 1 (LSB)
Torque limit selection, bit 2 (MSB)

C021
to

C025

Intelligent output 
terminal [11] to [15] 
function

10 In torque limit
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4–38

The 4-quadrant operation mode for torque 
limiting (B040=00) is illustrated in the figure 
to the right. The instantaneous torque depends 
on inverter activity (acceleration, constant 
speed, or deceleration), as well as the load. 
These factors determine the operating quadrant 
at any particular time. The parameters in B041, 
B042, B043 and B044 determine the amount of 
torque limiting that the inverter applies.

The terminal selection mode (B040=01) uses two intelligent inputs [TRQ1] and [TRQ2] for the 
binary-encoded selection of one of the four torque limit parameters B041, B042, B043 and 
B044.

Opt.
Code

Symbol Function Name
Input 
State

Description

40 TL Torque limit enable ON Enables torque limiting

OFF Disables torque limiting

41 TRQ1 Torque limit select 1 0 / 1 Torque limit select, Bit 1 (LSB)

42 TRQ2 Torque limit select 2 0 / 1 Torque limit select, Bit 2 (MSB)

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

B040, B041, B042, B043, 
B044

Notes: 
• Both the 4-quadrant mode and terminal 

switching mode of torque limiting use input 
[TL] for enable/disable.

• Inputs TRQ1 and TRQ2 apply only to 
terminal switching mode.

• When using the torque limit function at low 
speed, also use the overload restriction 
feature.

Reverse-driving Forward-regenerating

Reverse-regenerating Forward-driving

Torque

FWRV

+ B40=00

B043 B044

B042 B041
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See I/O specs on page 4–9.

Examples: (Require input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

TL

TRQ1TRQ2
TL

Intelligent 
Inputs Torque limit 

parameter
TRQ2 TRQ1

OFF OFF B041

OFF ON B042

ON OFF B043

ON ON B044
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External Brake 
Control Function

The External Brake Control function enables the inverter to control external electromechanical 
brake systems with a particular safety characteristic. For example, elevator control systems 
maintain the brake on the load until the drive motor has reached a releasing frequency (point at 
which the external mechanical brake is released). This ensures that the load does not have an 
opportunity to begin coasting before the inverter begins driving the motor. The External Brake 
Control function can be enabled by setting parameter B120=01. The diagram below shows the 
signals that are important to this function.

The steps below describe the timing diagram of events on the following page.

1. When the Run command turns ON, the inverter begins to operate and accelerate to releasing 
frequency (B125).

2. After the output frequency arrives at the set releasing frequency (B125), the inverter waits 
for the brake release confirmation, set by B121. The inverter outputs the braking release 
signal [BRK]. However, if the output current of the inverter is less than the releasing current 
set by B126, the inverter does not turn ON the brake release output [BRK]. The lack of the 
proper current level indicates a fault (such as open wire to motor). In this case, the inverter 
trips and outputs the braking error signal [BER]. This signal is useful to engage an 
emergency brake to ensure the load does not move, if the primary braking system has failed.

3. While the brake release output [BRK] is ON, the inverter drives the motor but does not 
accelerate immediately. The inverter waits for confirmation from the external brake. When 
the external brake system properly releases, it signals the inverter by using the Brake OK 
input terminal [BOK].

4. When the brake operates properly and signals with the [BOK] input, the inverter waits for 
the required time for acceleration (B122), and then begins to accelerate to the set target 
frequency.

5. When the Run command turns OFF, the procedure outlined above happens in reverse. The 
idea is to engage the brake before the motor comes completely to a stop. The inverter decel-
erates to the releasing frequency (B125) and turns the brake release output [BRK] OFF to 
engage the brake.

6. The inverter does not decelerate further during just the waiting time for brake confirmation 
(B121). If the brake confirmation signal does not turn OFF within the waiting time for brake 
confirmation, the inverter causes a trip alarm and outputs the brake error signal [BER] 
(useful for engaging an emergency brake system).

7. Normally, the brake confirmation signal [BOK] turns OFF, and the inverter waits the 
required waiting time. Then the inverter begins to decelerate again and brings motor and 
load to a complete stop (see timing diagram on next page).

[BRK] Brake release

[BOK] Brake confirmation

Inverter External Brake 
System

Emergency Brake
(or alarm, etc.)

[BER] Brake error

Code Function Data or Range Description

B120 Brake control 
enable

00=Disable
01=Enable

Enables external brake control function within the 
inverter

B121 Brake waiting 
time for release

0.00 to 5.00 sec. Sets the time delay after arrival at release 
frequency (B125) before the inverter outputs brake 
release signal [BRK]

B122 Brake wait time 
for acceleration

0.00 to 5.00 sec. Sets time delay after brake confirmation signal 
[BOK] is received until the inverter begins to accel-
erate to the set frequency
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The diagram below shows the event sequence described in the steps on the previous page.

The following table pertains to the brake confirmation input. 

B123 Brake wait time 
for stopping

0.00 to 5.00 sec. Sets the time delay after brake confirmation signal 
[BOK] turns OFF (after [BRK] turns OFF) until 
decelerating the inverter to 0 Hz

B124 Brake wait time 
for confirmation

0.00 to 5.00 sec. Sets the wait time for [BOK] signal after turn ON/
OFF of [BRK] signal. If [BOK] is not received 
during the specified time, the inverter will trip with 
an external brake error [BER].

B125 Break release 
frequency setting

0.00 to 99.99 Hz /
100.0 to 400.0 Hz

Sets the frequency at which the inverter outputs the 
brake release signal [BRK] after delay set by B121

B126 Brake release 
current setting

0% to 200% of 
rated current

Sets the minimum inverter current level above 
which the brake release signal [BRK] will be 
permitted

Code Function Data or Range Description

Output
frequency

Run command

Brake release output [BRK]

Brake OK input [BOK]

B122 B123

B121

B125 B125

B124

Brake release 
frequency

Brake wait time to release

Brake wait time for accel Brake wait time for stop-

Brake wait time
for confirmation B124

Brake error output [BER]

t
0

Opt.
Code

Symbol Function Name
Input 
State

Description

44 BOK Brake confirmation ON Indicates external brake is not engaged

OFF Indicates external brake is engaged

Valid for inputs: C001, C002, C003, C004, 
C005, C006, C007, C008

Required 
settings:

B120=01
B121 to B126 set

Notes: 
• The signal [BOK] turns ON to indicate that an 

external brake system has released. If external 
brake control is enabled (B120=01), then the 
[BOK] signal must work properly to avoid an 
inverter trip event.

5 3 1

7 6 4 2

8FWTH

PLC

CM1

P24 CM1

See I/O specs on page 4–9.

Example: (Requires input configuration—
see page 3–47. Jumper position shown is 
for –xFU/-xFR models; for –xFE models, 
see page 4–12.)

BOK
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Expansion Card 
Input Signals

Other inputs listed below require the expansion card SJ-FB Encoder Feedback. Please see the 
SJ-FB manual for more information.

The diagram below shows how the Input/Output connections for the SJ–FB feedback board. 
The inverter’s internal connections and parameter configuration make these signals available on 
intelligent input and output terminals.

The information on outputs related to the SJ-FB expansion card is in “Expansion Card Output 
Signals” on page 4–58.

Opt.
Code

Symbol Function Name Description

45 ORT Orientation Orientation (home search sequence)

46 LAC LAD Cancel Cancels the linear acceleration/decelera-
tion position control in the feedback card

47 PCLR Position deviation clear Forces the position error to zero

48 STAT Pulse train input enable Starts the pulse train control of motor 
frequency

SJ300 inverter

SJ-FB Feedback 
Expansion Card

Input assignments Output assignments

Input
terminals

Output
terminals

Control and logic connector

ORT

LAC

PCLR

STAT

ZS

DSE

POK
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Using Intelligent Output Terminals
The intelligent output terminals are programmable in a similar way to the intelligent input 
terminals. The inverter has several output functions that you can assign individually to five 
physical logic outputs. Along with these solid-state outputs, the alarm relay output has type 
Form C (normally open and normally closed) contacts. The relay is assigned the alarm function 
by default, but you can assign it to any of the functions that the open-collector outputs can use.

TIP: The open-collector transistor outputs can handle up to 50mA each. We highly recommend 
that you use an external power source as shown. It must be capable of providing at least 250mA 
to drive the outputs at full load.

If you need output current greater than 50mA, use the 
inverter output to drive a small relay. Be sure to use a 
diode across the coil of the relay as shown (reverse-
biased) in order to suppress the turn-off spike, or use a 
solid-state relay.

Output circuits

+–

24VDC

common

External 
system

SJ300 inverter

Sinking outputs
(open collector)

131415 1112

LL L L L

CM2

RY+
–

11CM2
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Run Signal When the [RUN] signal is selected as an 
intelligent output terminal, the inverter 
outputs a signal on that terminal when it is 
in Run Mode. The output logic is active 
low, and is the open collector type (switch 
to common).

 

NOTE: The example circuit in the table above drives a relay coil. Note the use of a diode to 
prevent the negative-going turn-off spike generated by the coil from damaging the inverter’s 
output transistor.

Opt.
Code

Symbol Function Name
Output 
State

Description

00 RUN Run signal ON when inverter is in Run Mode

OFF when inverter is in Stop Mode

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

(none)

Notes: 
• The inverter outputs the [RUN] signal 

whenever the inverter output exceeds the start 
frequency specified by parameter B082. The 
start frequency is the initial inverter output 
frequency when it turns ON.

[FW, RV]
Motor 
speed

Run 
Signal

start freq.
B82

ON
t

RY+
–

See I/O specs on page 4–9.

Inverter output terminal circuit

CM2

1314

15

11

12

Example: (Default output configuration 
shown—see page 3–53.)

RUN
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Frequency Arrival 
Signals

The Frequency Arrival group of outputs help coordinate external systems with the current 
velocity profile of the inverter. As the name implies, output [FA1] turns ON when the output 
frequency arrives at the standard set frequency (parameter F001). Outputs [FA2] through [FA5] 
provide variations on this function for increased flexibility, relying on two programmable accel/ 
decel thresholds. For example, you can have an output turn ON at one frequency during accel-
eration, and have it turn OFF at a different frequency during deceleration. All transitions have 
hysteresis to avoid output chatter if the output frequency is near one of the thresholds. 

Opt.
Code

Symbol Function Name
Output 
State

Description

01 FA1 Frequency arrival 
type 1 – constant 
speed

ON when output to motor is at the standard set 
frequency F001

OFF when output to motor is not at the set 
frequency F001

02 FA2 Frequency arrival 
type 2 – over-
frequency

ON when output to motor is at or above the FA 
threshold 1(C042) during accel

OFF when the output to motor is below the FA 
threshold 1 (C043) during decel

06 FA3 Frequency arrival 
type 3 – at 
frequency

ON when output to motor is at the FA thresh-
old 1 (C042) during accel, or at C043 
during decel

OFF when the output to motor is not at either 
the FA threshold 1 (C042) during accel or 
at C43 during decel

24 FA4 Frequency arrival 
type 4 – over-
frequency (2)

ON when output to motor is at or above the FA 
threshold 2 (C045) during accel

OFF when the output to motor is below the FA 
threshold 2 (C046) during decel

25 FA5 Frequency arrival 
type 5 – 
at frequency (2)

ON when output to motor is at the FA thresh-
old 2 (C045) during accel, or at C046 
during decel

OFF when the output to motor is not at either 
the FA threshold 2 (C045) during accel or 
at C046 during decel

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

F001, for FA1
C042 & C043, for FA2 & FA3
C045 & C046, for FA4 & FA5

Notes: 
• For most applications you will need to use 

only one or two of the frequency arrival type 
outputs (see example). However, it is possible 
assign all five output terminals to output 
functions [FA1] through [FA5].

• For each frequency arrival threshold, the 
output anticipates the threshold (turns ON 
early) by an amount equal to 1% of the 
maximum frequency set for the inverter.

• The output turns OFF as the output frequency 
moves away from the threshold, delayed by 
an amount equal to 2% of the max. frequency.

+
– RY

See I/O specs on page 4–9.

Inverter output 
terminal circuit

CM2

1314

15

11

12

Example: (Default output configuration 
shown—see page 3–53.)

FA1
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Frequency arrival output [FA1] uses the 
standard output frequency (parameter F001) 
as the threshold for switching. In the figure 
to the right, the inverter accelerates to the 
set output frequency, which serves as the 
threshold for [FA1]. Parameters Fon and Foff 
illustrate the hysteresis that prevents output 
chatter near the threshold value.

• Fon is 1% of the max. output frequency

• Foff is 2% of the max. output frequency

The hysteresis effect causes the output to 
turn ON slightly early as the speed 
approaches the threshold. Then the turn-
OFF point is slightly delayed. The 1% and 
2% values also apply to the remaining 
Frequency arrival outputs, discussed below.

Frequency Arrival outputs [FA2] and 
[FA4] work the same way; they just use 
two separate threshold pairs as shown in 
the figure. These provide for separate 
acceleration and deceleration thresholds 
to provide more flexibility than for 
[FA1]. [FA2] uses C042 and C045 for 
ON and OFF thresholds, respectively. 
[FA4] uses C043 and C046 for ON and 
OFF thresholds, respectively. Having 
different accel and decel thresholds 
provides an asymmetrical output 
function. However, you can use equal 
ON and OFF thresholds, if desired.

Frequency Arrival outputs [FA3] and [FA5] use the same threshold parameters as [FA2] and 
[FA4] above, but operate in a slightly different way. Refer to the diagram below. After the 
frequency arrives at the first threshold during acceleration and turns ON [FA3] or [FA5], they 
turn OFF again as the output frequency accelerates further. The second thresholds work 
similarly during deceleration. In this way, we have separate ON/OFF pulses for acceleration 
and deceleration.

FA1

Output
frequency

F001

ON

t

Hz

Threshold
Fon Foff

0

FA2/FA4

Output
frequency

C042/C045

C043/C046

ON

t

Hz

Thresholds Fon

Foff

0

FA3/FA5

Output
frequency

C042/C045

C043/C046

ON ON

t

Hz

Thresholds

Fon

Foff
Fon

Foff

0
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Overload 
Advance Notice 
Signal

When the output current exceeds a 
preset value, the [OL] or [OL2] 
terminal signal turns ON. The parame-
ter C041 (or C111, respectively) sets 
the overload threshold. The overload 
detection circuit operates during 
powered motor operation and during 
regenerative braking. The output 
circuits use open-collector transistors, 
and are active low.

NOTE: The example circuit in the table above drives a relay coil. Note the use of a diode to 
prevent the negative-going turn-off spike generated by the coil from damaging the inverter’s 
output transistor.

Opt.
Code

Symbol Function Name
Output 
State

Description

03 OL Overload advance 
notice signal (1)

ON when output current is more than the set 
threshold for the overload signal (C041)

OFF when output current is less than the set 
threshold for the overload signal (C041)

26 OL2 Overload advance 
notice signal (2)

ON when output current is more than the set 
threshold for the overload signal (C111)

OFF when output current is less than the set 
threshold for the overload signal (C111)

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

C041, C111

Notes: 
• The default value is 100%. To change the 

level from the default, set C041 or 
C111(overload level).

• The accuracy of this function is the same as 
the function of the output current monitor on 
the [FM] terminal (see “Analog Output 
Operation” on page 4–62).

Set 
value

[OL] 
Signal

C041

C041

ON ON

t

Current threshold

power running

regeneration

threshold

RY+
–

See I/O specs on page 4–9.

Inverter output terminal circuit

CM2

1314

15

11

12

Example: (Default output configuration 
shown—see page 3–53.)

OL
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Output Deviation 
for PID Control

The PID loop error is defined as the 
magnitude (absolute value) of the differ-
ence between the Setpoint (target value) 
and the Process Variable (actual value). 
When the error magnitude exceeds the 
preset value for C044, the [OD] terminal 
signal turns ON. Refer to “PID Loop 
Operation” on page 4–71.

NOTE: The example circuit in the table above drives a relay coil. Note the use of a diode to 
prevent the negative-going turn-off spike generated by the coil from damaging the inverter’s 
output transistor.

Opt.
Code Symbol Function Name Output 

State Description

04 OD Output deviation 
for PID control

ON when PID error is more than the set 
threshold for the deviation signal

OFF when PID error is less than the set thresh-
old for the deviation signal

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

C044

Notes: 
• The default deviation value is set to 3%. To 

change this value, change parameter C044 
(deviation level).

Set 
value

[OD] 
Signal

Error 
(SP-PV)

C044

C044

ON ON
t

Process variable

Setpoint

RY +
–

See I/O specs on page 4–9.

Inverter output terminal circuit

CM2

1314

15

11

12

Example: (Requires output configuration—
see page 3–53):

OD
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Alarm Signal The inverter alarm signal is active when a fault has 
occurred and it is in the Trip Mode (refer to the 
diagram at right). When the fault is cleared the 
alarm signal becomes inactive.

We must make a distinction between the alarm 
signal AL and the alarm relay contacts [AL0], 
[AL1] and [AL2]. The signal AL is a logic 
function, which you can assign to the open collec-
tor output terminals [11] to [15], or the relay 
outputs. The most common (and default) use of 
the relay is for AL, thus the labeling of its termi-
nals. Use an open collector output (terminals [11] to [15]) for a low-current logic signal inter-
face or to energize a small relay (50 mA maximum). Use the relay output to interface to higher 
voltage and current devices (10 mA minimum).

Opt.
Code

Symbol Function Name
Output 
State

Description

05 AL Alarm signal ON when an alarm has occurred and has not 
been cleared

OFF when no alarm has occurred since the last 
clearing of alarm(s)

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

C026, C036

Notes: 
• When the alarm output is set to normally 

closed, a time delay of less than 2 seconds 
occurs until the contact is closed when the 
power is turned ON. 

• Terminals [11] – [15] are open collector 
outputs, so the electrical specifications of 
[AL] are different from the contact output 
terminals [AL0], [AL1], [AL2].

• When the inverter power supply is turned 
OFF, the alarm signal output is valid as long 
as the external control circuit has power.

• This signal output has the delay time (300ms 
nominal) from the fault alarm output.

• The relay contact specifications are in 
“Specifications of Control and Logic 
Connections” on page 4–9. The contact 
diagrams for different conditions are on the 
next page.

RUN

STOP
RESET

STOP
RESET

Run Stop

Fault
Trip Fault

Alarm signal 
active

Example for terminals [11] to [15]: 
(Requires output configuration—
see page 3–53.)

Example for terminals [AL0], [AL1], [AL2]: 
(Default output configuration shown—see 
page 3–53.)

See I/O specs 
on page 4–9.

Relay position 
shown during 

normal running 
(no alarm)

Inverter output 
terminal circuit

Inverter output 
terminal circuit

CM2

1314

15

11

12

AL1

AL0 AL2

RY +
–

AL

AL

Power
Supply Load
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The alarm output terminals operate as shown below (left) by default. The contact logic can be 
inverted as shown (below right) by using the parameter setting C036. The relay contacts 
normally open (N.O.) and normally closed (N.O.) convention uses “normal” to mean the 
inverter has power and is in Run or Stop Mode. The relay contacts switch to the opposite 
position when it is in Trip Mode or when input power is OFF.

N.C. contacts (after initialization) N.O. contact (inverted by C036 setting)

During normal running When an alarm occurs or 
power is turned OFF

During normal running or 
power is turned OFF

When an alarm occurs

AL1

AL0 AL2

AL1

AL0 AL2

AL1

AL0 AL2

AL1

AL0 AL2

Contact Power
Run 
State

AL0-
AL1

AL0-
AL2

N.C. 
(after 

initialize, 
C036=01)

ON Normal Closed Open

ON Trip Open Closed

OFF – Open Closed

Contact Power
Run 
State

AL0-
AL1

AL0-
AL2

N.O.
 (set 

C036=00)

ON Normal Open Closed

ON Trip Closed Open

OFF – Open Closed
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Over-torque 
Signal

The Over-torque function [OTQ] turns ON when the estimated value of output torque of motor 
increases more than the arbitrary level set for the output. Recall that the torque limit function, 
covered in “Torque Limit” on page 4–37, actually limits the torque during certain operating 
conditions. Instead, the over-torque output feature only monitors the torque, turning ON output 
[OTQ] if the torque is above programmable thresholds you set. The [OTQ] function is valid 
only for sensorless vector control, 0-Hz domain sensorless vector control, or vector control 
with sensor. Do not use the [OTQ] output, except for these inverter operational modes.

The assignment of the Over-torque function to an output terminal [OTQ] is detailed in the 
following table.

Code Function/Description Data or Range

C055 Over-torque, forward-driving level setting 0 to 200%

C056 Over-torque, reverse-regenerating, level setting 0 to 200%

C057 Over-torque, reverse-driving, level setting 0 to 200%

C058 Over-torque, forward-regenerating, level setting 0 to 200%

C021
to

C025

Intelligent output terminal [11] to [15] function 07

Opt.
Code

Symbol Function Name
Output 
State

Description

07 OTQ Over-torque ON when estimated torque exceeds the level 
set in C055 to C058

OFF when estimated torque is below the levels 
set in C055 to C058

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

C055, C056, C057, C058
A044 = 03 or 04 or 05

Notes: 
• This output is valid only for  sensorless 

vector control, 0-Hz domain sensorless vector 
control, or vector control with sensor CM2

1314

15

11

12

See I/O specs on page 4–9.

Inverter output 
terminal circuit

RY +
–

Example: (Default output configuration 
shown—see page 3–53.)

OTQ
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Instantaneous 
Power Failure / 
Under-voltage 
Signal

An instantaneous power failure (complete loss) or under-voltage condition (partial loss) of 
inverter input voltage can occur without warning. SJ300 Series inverters can be configured to 
respond to these conditions in different ways. You can select whether the inverter trips or retries 
(restart attempt) when an instantaneous power failure or under-voltage condition occurs. You 
can select the retry function with parameter B001.

When enabled, the Retry Function operates in the following ways:

• Under-voltage conditions – When an instantaneous power failure or under-voltage condi-
tion occurs, the inverter will attempt to restart up to 16 times. A trip condition will occur on 
the 17th attempt, which must be cleared with the Stop/Reset key.

• Over-current/voltage conditions – When retry function is selected and an over-current or 
an over-voltage condition occurs, a restart is attempted 3 times. A trip will occur on the 4th 
failed restart attempt. Use parameter B004 to select the trip and alarm response to instanta-
neous power failure and under-voltage conditions. The following table shows the related 
parameters to these power fault conditions, and timing diagrams are on the next page.

Code Function Data or Range Description

B001 Selection of 
automatic restart 
mode

00 Alarm output after trip, automatic 
restart disabled

01 Restart at 0 Hz

02 Retry with frequency matching to 
present motor speed

03 Retry with frequency matching 
followed by deceleration to stop— 
then trip alarm

B002 Allowable under-
voltage power failure 
time

0.3 to 1.0 sec. The amount of time a power input 
under-voltage can occur without 
tripping the power failure alarm. If 
under-voltage exists longer than this 
time, the inverter trips, even if the 
restart mode is selected. If it exists 
less than this time retry will be 
attempted. 

B003 Retry wait time 
before motor restart

0.3 to 100 sec. Time delay after a trip condition goes 
away before the inverter restarts the 
motor

B004 Instantaneous power 
failure / voltage trip 
alarm enable

00 Disable

01 Enable

02 Disable during stop and ramp to stop 

B005 Number of restarts 
on power failure / 
under-voltage trip 
events

00 Restart up to 16 times on instanta-
neous power failure or under-voltage

01 Always restart on instantaneous 
power failure or an under-voltage 
condition

B007 Restart frequency 
threshold

0.00 to 400.0 Hz When frequency of the motor is less 
than this value, the inverter will 
restart at 0 Hz
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In the following examples, t0= instantaneous power failure time, t1 = allowable under-voltage / 
power failure time (B002), and t2= retry wait time (B003).

Opt.
Code

Symbol Function Name
Output 
State

Description

08 IP Instantaneous 
Power Failure

ON when the inverter detects a loss of input 
power

OFF when the inverter has input power

09 UV Under-voltage 
condition

ON when the inverter input power is less than 
the specified input range

OFF when the inverter input power is within 
the voltage specification

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

B001, B002, B003, B004, 
B005, B007

Notes: 
• If an over-voltage or over-current trip occurs 

during the deceleration and an instantaneous 
power failure error (E16) is displayed the 
inverter goes into free-run stop. In this case 
make the deceleration time longer.

• When connecting control power supply 
terminals [Ro]-[To] to the DC bus [P]-[N], an 
under-voltage may be detected at power-off 
and cause a trip. If this is undesirable, set 
B004 to 00 or 02.

• Frequency matching: The inverter reads the 
motor RPM and direction. If this speed is 
higher than the matching setting (B007), the 
inverter waits until they are equal and then 
engages the output to drive the motor 
(example 3). If the actual motor speed is less 
than the restart frequency setting, the inverter 
waits for t2 (value in B003) and restarts from 
0 Hz (example 4). The display shows 
“oooo” during an actual frequency 
matching event.

See I/O specs on page 4–9.

Inverter output 
terminal circuit

CM2

1314

15

11

12

Example: (Default output configuration 
shown—see page 3–53.)

RY +
–

IP

Power supply

Inverter output

Motor
frequency

After waiting for t2 seconds when t0 < t1; restart

Example 1: Power failure within allowed limits; resume Example 2: Power failure longer than limits; trip

t0

t1

t2

Power supply

Inverter output

Motor
frequency

t0

t1

Inverter trips when t0 > t1

Free-run Free-run

t t
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Examples 3 and 4 relate to configuring the inverter to retry upon power failure. Frequency 
matching is possible if the inverter frequency is greater than the B007 value.

The Instantaneous Power Failure and Alarm output responses during various power loss condi-
tions are shown in the diagram below. Use B004 to enable/disable the alarm output when 
instantaneous power failure or under-voltage occurs. The alarm output will continue while the 
control power of the inverter is present, even if the motor is stopped. Examples 5 to 7 corre-
spond to normal wiring of the inverter’s control circuit. Examples 8 to 10 correspond to the 
wiring of the inverter’s control circuit for controlled deceleration after power loss (see 
“Optional Controlled Decel and Alarm at Power Loss” on page 4–4).

Power supply

Inverter output

Motor
frequency

Motor frequency > B007 value at t2

Example 3: Motor resumes via frequency-matching Example 4: Motor restarts from 0Hz

t0 t2

Power supply

Inverter output

Motor
frequency

t0 t2

Free-run Free-run

Frequency matching 0Hz restart

Motor frequency < B007 value at t2

B007 B007

t t

Instantaneous power failure operation with standard 
R0–T0 connections

Instantaneous power failure operation with R0–T0 
connected to P–N

Example 5

Power
1
0

1
0

Run command

Output

Alarm

Inst. Power Fail

1
0
1
0

Inverter : Stop

Example 6

Power
1
0
1
0Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Stop

1
0
1
0

1
0
1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Example 7 Inverter : Stop

Power
1
0
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Run

Power
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Run

1
0
1
0

1
0
1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Inverter : Run

1
0

Example 8

Power
1
0

1
0

Run command

Output

Alarm

Inst. Power Fail

1
0
1
0

Inverter : Stop

Example 9

Power
1
0
1
0Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Stop

1
0
1
0

1
0
1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Example 10 Inverter : Stop

Power
1
0
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0
1
0

Inverter : Run

Power
1
0

Run command

Output

Alarm

Inst. Power Fail

1
0

1
0

Inverter : Run

1
0
1
0

1
0
1
0

Power

Run command

Output

Alarm

Inst. Power Fail

Inverter : Run

1
0

(under-voltage)

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 615 of 2133



Using Intelligent Output Terminals

O
pe

ra
tio

ns
an

d 
M

on
ito

rin
g

4–54

Torque Limit 
Signal

The Torque Limit output [TRQ] works in conjunction with the torque limit function covered in 
the intelligent input section. The torque limit function limits the motor torque according to the 
criteria selected by parameter B040. When torque limiting occurs, the [TRQ] output turns ON, 
then going OFF automatically when the output torque falls below the specified limits. See 
“Torque Limit” on page 4–37 in the intelligent input section.

Run Time / 
Power-On Time 
Over Signals

SJ300 Series inverters accumulate the total hours in Run Mode (run time) and the total hours of 
power-ON time. You can set thresholds for these accumulating timers. Once the threshold is 
exceeded, an output terminal will turn ON. One use of this is for preventative maintenance. A 
signal light or audible alert could signal the need for servicing, calibration, etc.

Opt.
Code

Symbol Function Name
Output 
State

Description

10 TRQ Torque Limit ON when the inverter is limiting torque

OFF when the inverter is not limiting torque

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

B040... if B040=00 then 
B041, B042, B043, B044 are 
required

Notes: 
• The Torque Limit input [TL] must be ON in 

order to enable torque limiting and its related 
output, [TRQ]. CM2

1314

15

11

12

See I/O specs on page 4–9.

Inverter output 
terminal circuit

RY +
–

Example: (Requires output configuration—
see page 3–53.)

TRQ

Opt.
Code

Symbol Function Name Output 
State

Description

11 RNT Run Time Over ON when the accumulated time spent in Run 
Mode exceeds the limit (B034)

OFF when the accumulated time in Run Mode 
is still less than the limit (B034)

12 ONT Power-ON Time 
Over 

ON when the accumulated power-ON time 
exceeds the limit (B034)

OFF when the accumulated power-ON time is 
less than the limit (B034)
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Thermal Warning 
Signal

The purpose of the electronic thermal setting is to protect the motor from overloading, 
overheating and being damaged. The setting is based on the rated motor current. The inverter 
calculates the thermal rise (heating) of the motor using the current output to the motor squared, 
integrated over the time spent at those levels. This feature allows the motor to draw excessive 
current for relatively short periods of time, allowing time for cooling.

The Thermal Warning output [THM]  turns ON to provide a warning before the inverter trips 
for electronic thermal protection. You can set a unique thermal protection level for each of the 
three motor profiles, as shown in the table below.

For example, suppose you have inverter model 
SJ300-110LFE. The rated motor current is 46A. 
The setting range is (0.2 * 46) to (1.2 *46), or 
9.2A to 55.2A. For a setting of B012=46A 
(current at 100%), the figure to the right shows 
the curve.

The electronic thermal characteristic adjusts the 
way the inverter calculates thermal heating, 
based on the type of torque control the inverter 
uses.

CAUTION: When the motor runs at lower 
speeds, the cooling effect of the motor’s internal 
fan decreases.

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

B034

Notes: 
• The two outputs [RNT] and [ONT] share the 

same time threshold parameter, B040. 
Typically, you will use either the [RNT] or the 
[ONT] output only—not both at once.

• These outputs are useful for the notification 
that a preventative maintenance interval has 
expired.

Opt.
Code

Symbol Function Name
Output 
State

Description

CM2

1314

15

11

12

See I/O specs on page 4–9.

Inverter output 
terminal circuit

Example: (Requires output configuration—
see page 3–53.)

RY +
–

RNT or
ONT

Function
Code

Function/Description Data or Range

B012 / B212 
/ B312

Electronic thermal setting (calculated 
within the inverter from current output) 

Range is 0.2 * rated current to
1.2 * rated current

Trip
time (s)

Trip current at 60 Hz

60

0.5

0
53.4 69 92

A

116% 150% 200%
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The table below shows the settings and their meanings. Use the one that matches your load.

Reduced Torque Characteristic – The example below shows the effect of the reduced torque 
characteristic curve (for example motor and current rating). At 20Hz, the output current is 
reduced by a factor of 0.8 for given trip times. 

Constant Torque Characteristic – Selecting the constant torque characteristic for the example 
motor gives the curves below. At 2.5 Hz, the output current is reduced by a factor of 0.9 for 
given trip times.

Free Thermal Characteristic - It is possible to set the electronic thermal characteristic using a 
free-form curve defined by three data points, according to the table below.

Function Code Data Function/Description

B013 / B213 /B313

00 Reduced torque

01 Constant torque

02 Free-setting

Function
Code

Name Description Range

B015 / 
B017 /
B019

Free-setting electronic 
thermal frequency 1, 2, 3

Data point coordinates for Hz axis 
(horizontal) in the free-form curve

0 to 400Hz

B016 / 
B018 / 
B020

Free setting electronic 
thermal current 1, 2, 3

Data point coordinates for Ampere 
axis (vertical) in the free-form curve

0.0 = (disable)
0.1 to 1000.

Trip
time (s)

Reduced trip current at 20 Hz

Trip current 
reduction 

factor

x 1.0

x 0.8

x 0.6

0
5 20 60

Hz A

60

0.5

0
73.642.7 55.2

92.8% 120% 160%

Trip
time (s)

Reduced trip current at 2.5 Hz

Trip current 
reduction 

factor
x 1.0

x 0.9

x 0.8

0
2.5 5 60

Hz A

60

0.5

0
82.847.8 62.1

104% 135% 180%
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The left graph below shows the region for possible free-setting curves. The right graph below 
shows an example curve defined by three data points specified by B015 – B020.

Suppose the electronic thermal setting (B012) is set to 44 Amperes. The graph below shows the 
effect of the free setting torque characteristic curve. For example, at (B017) Hz, the output 
current level to cause overheating in a fixed time period is reduced to (B018) A. Points (x), (y), 
and (z) show the adjusted trip current levels in those conditions for given trip times.

Thermal Warning Output – Using parameter C061, you can set the threshold from 0 to 100% 
of trip level for turning ON the intelligent output [THM] at that level. In this way, the inverter 
provides an early warning before the electronic thermal overload trips and turns OFF the output 
to the motor.

Opt.
Code Symbol Function Name Output 

State Description

13 THM Thermal Warning ON when the electronic thermal calculation 
exceeds the set limit

OFF when the electronic thermal calculation is 
less than the set limit

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

C061

Notes: 
• The electronic thermal overload function uses 

the output current and time to calculate 
thermal heating of the motor.

• The thermistor input of the inverter is a 
separate function from the electronic thermal 
function. You can set a threshold for it to 
cause a trip alarm at a particular thermistor 
resistance.

Output
current (A)

Setting range

max. freq.

B020

B018

B016

B015 B017 B019 Ax04

Trip current 
reduction 

factor

Output freq.

x 1.0

x 0.8

0
5 400

Hz Hz0

Trip
time (s)

(x) = B018 value x 116%
(y) = B018 value x 120%
(z) = B018 value x 150%

Reduced trip current at (B017) Hz

60

0

0.5

(x) (y) (z)
A

CM2

1314

15

11

12See I/O specs 
on page 4–9.

Inverter output 
terminal circuit

Example: (Requires output configuration—
see page 3–53.)

RY +
–

THM
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Brake Control
Signals

The Brake Control function enables the inverter to control external braking systems with a 
particular safety characteristic. A complete discussion of the operation of brake control is in 
“External Brake Control Function” on page 4–39. The block diagram and table that follow 
describe the configuration of the outputs [BRK] Brake Release and [BER] Brake Error.

Expansion Card 
Output Signals

Other outputs listed below require expansion card SJ-FB Encoder Feedback board. Please see 
the SJ-FB manual for more information.

Opt.
Code Symbol Function Name Output 

State Description

19 BRK Brake Release ON when the inverter signals the external 
brake system to release (open) its brake

OFF when the inverter is not driving the motor, 
and needs the external brake engaged

20 BER Brake Error ON when the output current is less than the set 
releasing current

OFF when the brake function is not in use, or 
when the output current to the motor is 
correct and it is safe to release the brake

Valid for 
outputs:

11, 12, 13, 14, 15,
AL0 – AL2

Required 
settings:

B120, B121, B122, B123, 
B124, B125, B126

Notes: 
• The brake release logic convention is such that 

an open circuit fault (such as loose wire) 
causes the external brake to engage.

[BRK] Brake release

[BOK] Brake confirmation

Inverter
Brake System

Emergency Brake
[BER] Brake error

CM2

1314

15

11

12See I/O specs on 
page 4–9.

Inverter output 
terminal circuit

RY +
–RY

Example: (Requires output configuration—
see page 3–53.)

BRK
BER

Opt.
Code Symbol Function Name Description

21 ZS Zero Speed Detect signal Signal indicates the encoder pulses of the 
motor have stopped

22 DSE Speed Deviation Excessive Velocity error exceeds the error threshold 
defined by parameter P026

23 POK Positioning Completion Indicates the load position is at the target
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Analog Input Operation
Input Terminal 
Signals

The SJ300 inverters provide for an external analog 
input to command the inverter frequency output 
value. The analog input terminal group includes 
the [L], [OI], [O], [O2], and [H] terminals on the 
control connector, which provide for Voltage [O] 
and [O2] or Current [OI] input. All analog input 
signals must use the analog ground [L].

If you use either the voltage or current analog 
input, you must select one of them using the logic 
input terminal function [AT] analog type. If 
terminal [AT] is OFF, the voltage input [O] can 
command the inverter output frequency. If terminal 
[AT] is ON, the current input [OI] can command 
the inverter output frequency. The [AT] terminal function is covered in “Analog Input Current/
Voltage Select” on page 4–26. Remember that you must also set A001 = 01 to select analog 
input as the frequency source.

Input Filter Parameter A016 adjusts an analog input sampling filter that evenly affects all analog inputs 
shown above. The parameter range is from 1 to 30. Before increasing the filter setting, we 
recommend trying to find the cause of input analog noise. Check for the following:

• Look for nearby high-current wiring—avoid any parallel runs to the analog signal wires

• Check the impedance between the chassis grounds of the inverter and the analog signal 
source equipment—a good connection will have a low impedance

• Check the analog signal ground impedance from the inverter to the analog signal source

• Avoid ground loops... measure the current (or voltage drop) on the chassis ground and signal 
ground connections; the ideal value is zero

After taking steps to minimize the analog signal noise sources, increase the filter time constant 
(A016) until the motor output frequency (when commanded by analog inputs) becomes stable.

H O2 FMAM

O OIL AMI

+V Ref.

A GND

0—10V input

4—20mA input

-10 / 0 / +10V 

+ –

4-20 mA

Frequency
source setting

1 V – I select

0 – 10V

+ – -10 / 0 / +10V

O2

O

O

OI

H O2 FMAM

O OIL AMI

A005 A001=01

A005=00

A005=01

AT=ON

AT=OFF

AT=ON

0

1

0

1

0

1

0

1

Frequency setting
Terminals

(Keypad)

OI

O2

O

L

AT
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The following tables show the available analog input settings. Parameters A006, A005, and 
input terminal [AT] determine the External Frequency Command input terminals that are avail-
able and how they function. The Trim Frequency input [O2]—[L] is available (when check 
marked) for some settings. Other settings make the reverse direction (in addition to forward) 
available for bipolar input settings (when check marked). A bipolar input responds to positive 
input voltages with a forward motor rotation, and to negative input voltages with reverse motor 
rotation.

The table below applies when the [AT] input function is not assigned to any intelligent input 
terminal. The A005 setting, normally used in conjunction with an [AT] input, is ignored.

CAUTION: Whenever the [AT] input function is not assigned to any input terminal and 
reverse rotation is not desired or is unsafe, be sure to set A006 = 01. This setting makes the 
[O2] input unipolar only.

A006 A005 [AT]
External Frequency 

Command Input
Trim Frequency 
Command Input

Reverse avail.
(bipolar input)

00 00 OFF [O] ✘ ✘

ON [OI] ✘ ✘

01 OFF [O] ✘ ✘

ON [O2] ✘ ✔

01 00
Example 

1

OFF [O] [O2] ✘

ON [OI] [O2] ✘

01 OFF [O] [O2] ✘

ON [O2] ✘ ✔

02 00
Example 

2

OFF [O] [O2] ✔

ON [OI] [O2] ✔

01 OFF [O] [O2] ✔

ON [O2 ✘ ✔

A006 A005 [AT]
External Frequency 

Command Input
Trim Frequency 
Command Input

Reverse avail.
(bipolar input)

00 —
(not 

assigned 
to any 
input 

terminal)

[O2] ✘ ✔

01 — Summation of
[O] and [OI]

[O2] ✘

02 — Summation of
[O] and [OI]

[O2] ✔
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The examples below show how the use of the [AT] input during operation enables/disables the 
Trim Frequency Command input [O2]—[L]. The [O2]—[L] input may be used alone, or as an 
offset control for the primary analog input.

Wiring Examples Using an external potentiometer is a common way to 
control the inverter output frequency (and a good way 
to learn how to use the analog inputs). The potentiome-
ter uses the built-in 10V reference [H] and the analog 
ground [L] for excitation, and the voltage input [O] for 
the signal. By default, the [AT] terminal selects the 
voltage input when it is OFF. Take care to use the 
proper resistance for the potentiometer, which is
1 to 2kΩ, 2 Watts.

Voltage Input – The 0–10V voltage input circuit uses terminals [L] and [O]. Attach the signal 
cable’s shield wire to terminal [L] on the inverter only. DO NOT ground the shield at its other 
end. Maintain the voltage within specifications (do not apply negative voltage). Normally a 
full-span input level (10V) will give the maximum motor frequency. You can use parameter 
A014 to select a lower voltage for full output frequency (such as using a 5V input signal).

Bipolar Voltage Input – The -10 / 0 / +10V voltage input circuit uses terminals [L] and [O2]. 
Attach the cable’s shield wire to terminal [L] on the inverter only. Maintain the voltage within 
specifications. Only apply a negative voltage if this input is configured for bipolar use.

Current Input – The current input circuit uses terminals [OI] and [L]. The current comes from 
a sourcing type transmitter; a sinking type will not work! This means the current must flow into 
terminal [OI], and terminal [L] is the return back to the transmitter. The input impedance from 
[OI] to [L] is 250 Ohms. Attach the cable’s shield wire to terminal [L] on the inverter only.

[FW] terminal

External frequency 
command

[O/OI] terminal

[AT] terminal

Actual frequency 
command

0

Example 1: Without reverse Example 2: With reverse

Trim frequency 
command

[O2] terminal

FOI

FOI + FO2

FO2
0

FO

0

FO + FO2

[FW] terminal

External frequency 
command

[O/OI] terminal

[AT] terminal

Actual frequency 
command

0

Trim frequency 
command

[O2] terminal

FOI

FOI + FO2

FO2
0

FO

0

FO + FO2

forward
reverse

H O2 FMAM

O OIL AMI

1 to 2 kΩ, 2W
L H

H O2 FMAM

O OIL AMI

+ –

0 to 9.6 VDC,
0 to 10V nominal

4 to 19.6 mA DC,
4 to 20 mA nominal

See I/O specs on page 4–9.

+ –

-10 to 9.6 VDC,
0 to 10V nominal

Standard Voltage Input Bipolar Voltage Input Current Input

H O2 FMAM

O OIL AMI

H O2 FMAM

O OIL AMI
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Analog Output Operation
In the system design for inverter applications it is sometimes useful to monitor inverter opera-
tion from a remote location. In some cases, this requires only a panel-mounted analog meter 
(moving-coil type). In other cases, a controller device such as a PLC may monitor and 
command the inverter frequency and other functions. The inverter can transmit the (real-time) 
output frequency, current, torque, or other parameters to the controller to confirm actual opera-
tion. The monitor output terminal [FM] serves these purposes.

[FM] Terminal The inverter provides an analog/digital output on 
terminal [FM] (frequency monitor). It uses 
terminal [CM1] as digital GND reference. While 
many applications use this terminal to monitor 
the output frequency, you can configure terminal 
[FM] to transmit one of several parameters. 
Most use pulse-width modulation (PWM) to 
represent the value, while one parameter uses 
frequency modulation (FM) to represent the 
value. Do not confuse the notation for terminal 
[FM] (with brackets) with FM signal type.

The following table lists the configurations for terminal [FM]. Use function C027 to configure.

Note 1: Display substitutes only during sensorless vector control, 0Hz domain sensorless 
vector control, and vector control

PWM Signal Type The pulse-width modulated signal at terminal 
[FM] is primarily designed for driving a moving-
coil meter. The pulse-width modulated signal is 
automatically averaged by the inertia of the 
moving-coil mechanism—converting the PWM 
signal to an analog representation. Be sure to use 
a 10V full-scale DC voltmeter.

The signal characteristics of terminal [FM] in 
PWM signal configuration is shown below

Func. Code Description Waveform Full Scale Value

C027

00 Output frequency PWM 0 – Max. frequency (Hz)

01 Output current PWM 0 – 200%

02 Output torque *1 PWM 0 – 200%

03 Output frequency FM 0 – Max. frequency (Hz)

04 Output voltage PWM 0 – 100%

05 Input electric power PWM 0 – 200%

06 Thermal load ratio PWM 0 – 100%

07 LAD frequency PWM 0 – Max. frequency (Hz)

D GND

Analog/digital Output

See I/O specs on page 4–9.

H O2 FMAM

O OIL

FWTH

PLCP24 CM1AMI

H O2 FMAM

O OIL

FWTH

PLCP24 CM1AMI

+ –

0 to 10V,
1 mA

[FM]
[FM] output value t

T
---=

Period T = 6.4ms constant (156 Hz)
Selects FM type output

= [FM] terminal 8-bit gain settingB081

C27=00, 01, 02, 04, 05, 06, 07t

10V

0V

t

T
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To calibrate the meter reading, generate a full-scale output (always ON) at terminal [FM]. Then 
use parameter B081(gain setting from 0 to 255) to adjust the corresponding full-scale reading 
of the meter. For example, when the inverter output frequency is 60 Hz, change the value of 
B081 so that the meter reads 60 Hz.

TIP: When using the analog meter for monitoring, adjust the meter so it has a zero reading 
when the [FM] output is zero. Then use scale factor B081 to adjust the [FM] output so the 
maximum frequency in the inverter corresponds to a full-scale reading on the meter.

NOTE: The indicator accuracy after adjustment is about ±5%. Depending on the motor, the 
accuracy may exceed this value.

PWM Smoothing Circuit – Note that 
standard analog output signals are avail-
able on terminals [AM] and [AMI], 
covered in the next section. However, you 
may also wish to smooth the PWM signal 
at the [FM] terminal and convert it to an 
analog signal. The [FM] terminal will then 
generate a relatively stable DC analog 
voltage that represents the output value. 
To do this, use the circuit shown to the 
right. Note the output impedance of the 
circuit is at least 82kΩ, so the monitoring 
device needs an input impedance of 1MΩ 
or greater. Otherwise, the impedance of 
the smoothing circuit will cause a non-
linearity in the reading.

FM Signal Type The frequency-modulated output at terminal [FM] varies its frequency with the inverter output 
frequency (C027=03). The multiplier is 10, such that the maximum [FM] signal frequency is 
10 x 400 = 4 kHz, or 10 times the inverter’s maximum output frequency. The signal at [FM] 
uses the parameter A004 Maximum frequency setting. For example, if A004 = 60 Hz, then the 
maximum signal value at [FM] will be 10 x 60 = 600 Hz. This frequency is digitally controlled 
for accuracy, and does not use the B081 gain setting when C027=03 (frequency modulation). 

H O2 FMAM

O OIL

FWTH

PLCP24 CM1AMI

+

–

+

–

+
33kΩ

82kΩ

Volts1μF

T 1
[FM] Output value 10×
---------------------------------------------------------=

Selects FM type output

[FM]

T

[FM] Output value 1
T 10×
---------------=

C027=03

t

10V

0V

50% fixed duty cycle
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[AM] and [AMI] 
Terminals

The [AM] and [AMI] terminals provide signals 
to monitor various inverter parameters such as 
output frequency, output current, and torque. 
The terminals provide these analog signal types:

• [AM] terminal: 0–10V analog output signal

• [AMI] terminal: 4–20mA analog output 
signal

These signals both use the [L] terminal for signal 
return. Eight different inverter parameters may 
be monitored independently at either the [AM] 
or [AMI] terminal, as listed in the table below. 
Use C028 to configure terminal [AM], and C029 
to configure terminal [AMI].

Note 1: Display of torque is possible only during sensorless vector control, 0Hz domain 
sensorless vector control, and vector control with feedback

The analog signals may need some adjustment for gain or offset to compensate for variances in 
the system. For example, the signals may drive a panel meter and require a full-scale gain 
adjustment. The table below lists the function codes and their descriptions. The [AM] and 
[AMI] terminals have separate gain and offset adjustments. Note the default values. 

Func. Terminal Code Description Full Scale Value

C028 / 
C029

[AM] / 
[AMI]

00 Output frequency 0 – Max. frequency (Hz)

01 Output current 0 – 200%

02 Output torque *1 0 – 200%

04 Output voltage 0 – 100%

05 Input electric power 0 – 200%

06 Thermal load ratio 0 – 100%

07 LAD frequency 0 – Max. frequency (Hz)

Func. Terminal Description Range Default

B080 [AM] Gain adjustment 0 – 255 180

C086 [AM] Offset Adjustment 0.0 – 10.0V 0.0V

C087 [AMI] Gain adjustment 0 – 255 80

C088 [AMI] Offset Adjustment 0.0 – 20.0mA 0.0mA

H O2 FMAM

O OIL AMI

A GND

See I/O specs on page 4–9.

0–10V analog output

4–20mA analog output
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Setting Motor Constants for Vector Control
Introduction These advanced torque control algorithms improve performance, particularly at low speeds:

• Sensorless Vector Control – improved torque control at output frequencies down to 0.5 Hz. 
Use A044=03 (1st motor) or A244=03 (2nd motor) to select sensorless vector control.

• Sensorless Vector Control, 0Hz Domain – improved torque control at output frequencies 
from 0 to 2.5 Hz. Use A044=04 (1st motor) or A244=04 (2nd motor) to select sensorless 
vector control, 0Hz domain.

• Sensorless Vector Control with Feedback – improved torque control at all speeds, while 
providing the most accurate speed regulation of all torque control algorithms. Use A044=05 
to select sensorless vector control with feedback.

These three control algorithms require the inverter’s motor constants to accurately match the 
characteristics of the particular motor connected to your inverter. Simply using the inverter’s 
default parameters with the vector control modes may not produce satisfactory results. The 
auto-tuning procedure described later in this section is recommended for most applications 
needing vector control. It determines and records the characteristics of the attached motor. 
However, it is possible to enter the motor constants directly if the motor manufacturer has 
provided that data.

After performing an initial auto-tuning procedure for your motor, you have an additional 
option: adaptive tuning. The adaptive tuning parameters use the auto-tuning procedure’s results 
as starting values. Then, each time the motor runs normally in your application, the inverter 
tunes the parameters again to match the motor. This compensates for temperature changes, etc., 
further optimizing the values.

The following table lists the parameters associated with motor constant settings. Function H002 
selects the set of motor constants that you want the inverter to use in normal use. Standard 
constants (select with H002=00) include H020 to H024. Auto-tuned constants (select with 
H002=01) include H030 to H034. Remember that you have to do the auto-tuning procedure in 
this section before using either auto-tuned constants or the adaptive mode (H002=02).

Func. Name Data Notes

A044 /
A244 /
A344 

V/f characteristic curve selection, 
1st / 2nd / 3rd motors

00 V/f constant torque

01 V/f variable torque

02 V/f free-setting curve

03 Sensorless vector control (SLV)

04 Sensorless vector control, 0Hz domain

05 Vector control with encoder feedback

H002 Motor data selection, 1st motor 00 Standard motor parameters

01 Auto-tuning parameters

02 Adaptive tuning parameters

H003 Motor capacity, 1st motor 0.2 – 75,
0.2 – 160

kW, up to –550xxx models
kW, –750xxx to –1500xxx models

H004 Motor poles setting, 1st motor 2 / 4 / 6 / 8 Units: poles

H020 Motor constant R1, 1st motor 0.000–65.53 Units: ohms

H021 Motor constant R2, 1st motor 0.000–65.53 Units: ohms

H022 Motor constant L, 1st motor 0.00–655.3 Units: mH

H023 Motor constant Io, 1st motor 0.00–655.3 Units: A

H024 Motor constant J, 1st motor 0.001–9999 Units: kgm2

H030 Auto-tuned constant R1, 1st motor 0.000–65.53 Units: ohms
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The inverter has three separate motor constant sets named 1st, 2nd, and 3rd. The 1st motor 
constant set is the default, while the SET and SET2 intelligent inputs select the 2nd and 3rd 
constant sets, respectively. The torque control methods are valid to use only if a particular 
motor constant set includes parameters for the selected control method. The following table 
lists the vector control methods and shows the ones that are valid for each motor constant set.:

The motor data selection is available only to the 1st motor constant set, selected by function 
H004. By default, the 2nd and 3rd motor constants sets only store standard motor parameters. 
The table below shows this arrangement.

When motor constant values are available from the motor manufacturer, you can enter them 
directly. The available motor constant parameters (storage locations) depend on the motor 
constant set (1st, 2nd, or 3rd) according to the following table.

H031 Auto-tuned constant R2, 1st motor 0.000–65.53 Units: ohms

H032 Auto-tuned constant L, 1st motor 0.00–655.3 Units: mH

H033 Auto-tuned constant Io, 1st motor 0.00–655.3 Units: A

H034 Auto-tuned constant J, 1st motor 0.001–9999 Units: kgm2

Vector Control Method 1st motor 2nd motor 3rd motor

V/f constant torque ✔ ✔ ✔

V/f variable torque ✔ ✔ ✔

V/f free-setting curve ✔ ✔ ✘

Sensorless vector control (SLV) ✔ ✔ ✘

Sensorless vector control, 0Hz domain ✔ ✔ ✘

Vector control with encoder feedback ✔ ✘ ✘

Motor data selection 1st motor 2nd motor 3rd motor

Standard motor parameters ✔ ✔ ✔

Auto-tuning parameters ✔ ✘ ✘

Adaptive tuning parameters ✔ ✘ ✘

Motor data selection 1st motor 2nd motor 3rd motor

Standard motor parameters H020 to H024 H220 to H224 —

Auto-tuning parameters H030 to H034 — —

Adaptive tuning parameters H030 to H034 — —

Func. Name Data Notes
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Auto-tuning of 
Motor Constants

The SJ300 inverter features auto-tuning, which detects and records the motor characteristic 
parameters to use in all vector control modes. Auto-tuning determines the resistance and induc-
tance of motor windings. Therefore, the motor must be connected to the inverter for this proce-
dure. Note that the auto-tuning feature is not associated with PID loop operation, which is 
common on some control devices. The auto-tuning procedure must be conducted while the 
inverter is stopped (not in Run mode), so it can use special output pulses to detect motor 
characteristics.

When using the inverter in sensorless vector control, sensorless vector control - 0Hz domain, or 
vector control with encoder feedback, the motor circuit constants are important. If they are 
unknown, then you must first conduct the auto-tuning procedure. The inverter will determine 
the constants and write new values for the related “H” Group settings. The auto-tuning proce-
dure requires that the inverter be configured to operate the 1st motor (do not set the inverter to 
use 2nd and 3rd motor data during an auto-tuning procedure).

Please read the following Warning before running the auto-tuning procedure on the next page.

WARNING: You may need to disconnect the load from the motor before performing auto-
tuning. The inverter runs the motor forward and backward for several seconds without regard to 
load movement limits.

Func. Name Range Notes

H001

Auto-tuning setting 00 Disabled

01 Enabled, without motor rotation

02 Enabled, with motor rotation

H002

Motor data selection, 1st motor 00 Standard motor parameters

01 Auto-tuning parameters

02 Adaptive tuning parameters

H003
Motor capacity, 1st motor 0.2 – 75,

0.2 – 160
kW, up to –550xxx models
kW, –750xxx to –1500xxx 
models

H004 Motor poles setting, 1st motor 2 / 4 / 6 / 8 Units: poles

H030
Auto-tuned motor constant R1, 
1st motor

— Units: ohms

H031
Auto-tuned motor constant R2, 
1st motor

— Units: ohms

H032
Auto-tuned motor constant L, 
1st motor

— Units: mH

H033
Auto-tuned motor constant Io, 
1st motor

— Units: A

H034
Auto-tuned motor constant J, 1st 
motor

— Units: kgm2

A003 Base frequency setting 30 to maximum freq. Units: Hz

A051

DC braking enable 00 Disabled (Disable during auto-
tuning)

01 Enabled

A082

AVR voltage select 200/215/220/230/240 Valid for 200V class inverters

380/400/415/440/
460/480

Valid for 400V class inverters
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Preparation for Auto-tuning Procedure – Be sure to study the preparation items and verify 
the related inverter configuration before going further in this procedure.

1. Adjust the motor base frequency (A003) and the motor voltage selection (A082) to match 
the specifications of the motor used in the auto-tuning procedure.

2. Verify that the motor is not more than one frame size smaller than the rated size for he 
inverter. Otherwise, the motor characteristic measurements may be inaccurate.

3. Be sure that no outside force will drive the motor during auto-tuning.

4. If DC braking is enabled (A051=01), the motor constants will not be accurately set. There-
fore, disable DC braking (A051=00) before starting the auto-tuning procedure.

5. When auto-tuning with motor rotation (H002=02), take care to verify the following points:

a. The motor will rotate up to 80% of the base frequency; make sure that this will not cause 
any problem.

b. Do not attempt to either run or stop the motor during the auto-tuning procedure unless it 
is an emergency. If this occurs, initialize the inverter’s parameters to the factory default 
settings (see “Restoring Factory Default Settings” on page 6–9). Then reprogram the 
parameters unique to your application, and initiate the auto-tuning procedure again.

c. Release any mechanical brake that would interfere with the motor rotating freely.

d. Disconnect any mechanical load from the motor. The torque during auto-tuning is not 
enough to move some loads.

e. If the motor is part of a mechanism with limited travel (such as lead screw or elevator), 
select H001=01 so that the auto-tuning will not cause motor rotation.

6. Note that even when you select H001=01 for no rotation, sometimes the motor will rotate.

7. When using a motor that is one frame size smaller than the inverter rating, enable the 
overload restriction function. Then set the overload restriction level to 1.5 times the rated 
output current of the motor.

Auto-tuning 
Procedure

After the preparations above are complete, perform the auto-tuning procedure by following the 
steps below.

1. Set H001=01 (auto-tuning without motor rotation) or H001=02 (auto-tuning with motor 
rotation).

2. Turn the Run command ON. The inverter will then automatically sequence through the 
following actions:

a. First AC excitation (motor does not rotate)

b. Second AC excitation (motor does not rotate)

c. First DC excitation (motor does not rotate)

d. V/F running—this step occurs only if H001=02 (motor accelerates up to 80% of the 
base frequency) 

e. SLV running—this step occurs only if H001=02 (motor accelerates up to x% of the base 
frequency), where “x” varies with time T during this step:
x=40% when T < 50s
x=20% when 50s < T < 100s
x=10% when T => 100s

f. Second DC excitation

g. Displays the pass/fail result of the auto-tuning (see next page)

NOTE: During the AC and DC motor excitation steps above, you may notice that the motor 
makes a slight humming sound. This sound is normal.
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If the auto-tuning procedure is successful, the inverter updates 
the motor characteristic parameters and indicates normal termi-
nation of the procedure as shown. Pressing any key on the 
keypad will clear the result from the display.

• Trip during auto-tuning – A trip event will cause the auto-
tuning sequence to quit. The display will show the error code 
for the trip rather than the abnormal termination indication. 
After eliminating the cause of the trip, then conduct the auto-
tuning procedure again.

• Power loss or stop during auto-tuning – If the auto-tuning 
procedure is interrupted by power loss, the Stop key, or by 
turning OFF the Run command, the auto-tuning constants 
may or may not be stored in the inverter. It will be necessary to restore the inverter’s factory 
default settings (see “Restoring Factory Default Settings” on page 6–9). After initializing the 
inverter, then perform the auto-tuning procedure again.

• Free V/F setting – The auto-tuning procedure will have an abnormal termination if the 
control mode of the inverter is set for free V/F setting.

Adaptive Auto-
tuning of Motor 
Constants

The adaptive auto-tuning feature refines the motor constants by checking the motor characteris-
tic while it in the normal running temperature range.

Preparation for Adaptive Auto-tuning – Be sure to study the preparation items and verify the 
related inverter configuration before going further in this procedure.

1. It is necessary to first perform the auto-tuning procedure in the section above, since adaptive 
auto-tuning requires accurate initial constant values.

2. Adaptive auto-tuning is valid only for the 1st motor data (do not use 2nd or 3rd motor data 
settings).

3. The adaptive auto-tuning sequence actually begins as the motor decelerates to a stop from a 
Run command you initiate. However, the sequence still continues for five (5) more seconds. 
Giving another Run command during this 5-second time period will halt the adaptive auto-
tuning. It will resume the next time the motor runs and decelerates to a stop.

4. If DC braking is enabled, then the adaptive auto-tuning sequence executes after DC braking 
brings the motor to a stop.

After reading and following the preparation steps above, then configure the inverter for 
adaptive auto-tuning by following these steps:

1. Set H002=02 for adaptive auto-tuning procedure

2. Set H001=00 to disable the (manual) auto-tuning procedure

3. Turn the Run command ON.

4. Run the motor for an appropriate time until it reaches its normal operating temperature 
range. Remember that the purpose of adaptive auto-tuning is optimize the inverter for 
typical running conditions.

5. Stop the motor (or turn the Run command OFF), which initiates an adaptive auto-tuning. 
Wait at least five (5) seconds before issuing any other command to the inverter.

With the above configuration, the inverter automatically runs the adaptive auto-tuning sequence 
each time the motor runs and decelerates to a stop. This continuously adapts the SLV control 
algorithm to slight changes in the motor constants during operation.

NOTE: It is not necessary to wait 5 seconds after each time the motor runs before running 
again. When the motor stops for less than 5 seconds before running again, the inverter stops the 
adaptive tuning sequence and keeps the current motor constant values in memory. The inverter 
will attempt the adaptive auto-tuning at the next run/stop event of the motor.

Abnormal termination

Normal termination
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Manual Setting of 
Motor Constants

With vector control, the inverter uses the output current, output voltage, and motor constants to 
estimate the motor torque and speed. It is possible to achieve a high starting torque and accurate 
speed control at low frequency

• Sensorless Vector Control – improved torque control at output frequencies down to 0.5 Hz. 
Use A044=03 (1st motor) or A244=03 (2nd motor) to select sensorless vector control.

• Sensorless Vector Control, 0Hz Domain – improved torque control at output frequencies 
from 0 to 2.5 Hz. Use A044=04 (1st motor) or A244=04 (2nd motor). For this vector control 
method, we recommend using a motor that is one frame size smaller than the inverter size.

• Sensorless Vector Control with Feedback – improved torque control at all speeds, while 
providing the most accurate speed regulation

If you do use any vector control methods, it is important that the motor constants stored in the 
inverter match the motor. We recommend first using the auto-tuning procedure in the previous 
section. If satisfactory performance through auto-tuning cannot be fully obtained, please adjust 
the motor constants for the observed symptoms according to the table below.

CAUTION: If the inverter capacity is more than twice the capacity of the motor in use, the 
inverter may not achieve its full performance specifications.

CAUTION: You must use a carrier frequency of more than 2.1kHz. The inverter cannot 
operate in vector control mode at less than 2.1 kHz carrier frequency.

When using a motor one frame size smaller than the inverter rating, the torque limit value 
(B041 to B044) is from the following formula and the value of the actual motor torque limit is 
calculated by the formula. Do not set a value in B041 to B044 that results in an actual torque 
greater than 200% or you risk motor failure.

For example, suppose you have a 0.75kW inverter and a 0.4kW motor. The torque limit setting 
value that is for T=200% is set (entered) as 106%, shown by the following formula:

Operation Status Symptom Adjustment Parameter

Powered running When the speed deviation 
is negative

Slowly increase the motor constant 
R2 in relation to auto-tuning data, 
within 1 to 1.2 times preset R2

H021 / H221

When the speed deviation 
is positive

Slowly decrease the motor constant 
R2 in relation to auto-tuning data, 
within 0.8 to 1 times preset R2

H021 / H221

Regeneration
(status with a decel-
erating torque)

When low frequency (a 
few Hz) torque is insuffi-
cient

Slowly increase the motor speed 
constant R1 in relation to auto-
tuning data within 1 to 1.2 times R1

H020 / H220

Slowly increase the motor constant 
IO in relation to auto-tuning data, 
within 1 to 1.2 times preset IO

H023 / H223

During acceleration A sudden jerk at start of 
rotation

Increase motor constant J slowly 
within 1 to 1.2 times the preset 
constant

H024 / H224

During deceleration Unstable motor rotation Decrease the speed response H05, H205

Set motor constant J smaller than 
the preset constant

H024, H224

During torque 
limiting

Insufficient torque during 
torque limit at low speed

Set the overload restriction level 
lower than the torque limit level

B021,
B041 to B044

At low-frequency 
operation

Irregular rotation Set motor constant J larger than the 
preset constant

H024, H244

Torque limit setting Actual torque limit Motor capacity×
Inverter capacity

-------------------------------------------------------------------------- 200% 0.4kW×
0.75kW

------------------------------- 106%== =
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PID Loop Operation
In standard operation, the inverter uses a reference source selected by parameter A001 for the 
output frequency, which may be a fixed value (F001), a variable set by the front panel potenti-
ometer, or value from an analog input (voltage or current). To enable PID operation, set A071 = 
01. This causes the inverter to calculate the target frequency, or setpoint. An optional intelligent 
input assignment (code 23), PID Disable, will temporarily disable PID operation when active.

A calculated target frequency can have a lot of advantages. It lets the inverter adjust the motor 
speed to optimize some other process variable of interest, potentially saving energy as well. 
Refer to the figure below. The motor acts upon the external process. To control that external 
process, the inverter must monitor the process variable. This requires wiring a sensor to either 
the analog input terminal [O] (voltage) or terminal [OI] (current).

When enabled, the PID loop calculates the ideal output frequency to minimize the loop error. 
This means we no longer command the inverter to run at a particular frequency, but we specify 
the ideal value for the process variable. That ideal value is called the setpoint, and is specified 
in the units of the external process variable. For a pump application it may be gallons/minute, 
or it could be air velocity or temperature for an HVAC unit. Parameter A075 is a scale factor 
that relates the external process variable units to motor frequency. The figure below is a more 
detailed diagram of the PID function.

PID
Calculation

ErrorSetpoint

SP

PV

Freq. Inverter
Output Motor

External
Process

Sensor
Process Variable (PV)

Inverter

Analog input

Monitor

P gain

I gain

D gain

Analog input scaling
Voltage

O

OI

L

Current

A GND

PID V/I
input select

Process Variable
(Feedback)

Scale factor

Frequency 
setting

Scale factor

Setpoint
(Target)

Scale factor 
reciprocal

Multi-speed 
settings

Standard
setting

Frequency 
source select

Potentiometer
on keypad

Error

[AT]

V/I input 
select PV

SP

A001

A075 F001

F001

1/A075

A020 to A035 A072

A073

A075 D004

A074

A076

A011

A015

A012

A013 A014

A071

PID Enable

C023

PID Disable

optional
intelligent input

PID

Normal
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Configuring the Inverter for Multiple Motors
Simultaneous 
Connections

For some applications, you may need to connect two 
or more motors (wired in parallel) to a single 
inverter’s output. For example, this is common in 
conveyor applications where two separate conveyors 
need to have approximately the same speed. The use 
of two motors may be less expensive than making the 
mechanical link for one motor to drive multiple 
conveyors.

Some of the requirements when using multiple 
motors with one drive are:

• Use only V/F (variable-frequency) control; do not use SLV (sensorless vector control).

• The inverter output must be rated to handle the sum of the currents from the motors.

• You must use separate thermal protection switches or devices to protect each motor. Locate 
the device for each motor inside the motor housing or as close to it as possible.

• The wiring for the motors must be permanently connected in parallel (do not remove one 
motor from the circuit during operation).

NOTE: The motor speeds are identical only in theory. That is because slight differences in 
their loads will cause one motor to slip a little more than another, even if the motors are identi-
cal. Therefore, do not use this technique for multi-axis machinery that must maintain a fixed 
position reference between its axes.

Inverter
Configuration for 
Multiple Motor 
Types

Some equipment manufacturers may have a single type of machine that has to support three 
different motor types—and only one motor will be connected at a time. For example, an OEM 
may sell basically the same machine to the US market and the European market. Some reasons 
why the OEM needs two motor profiles are:

• The inverter power input voltage is different for these markets.

• The required motor type is also different for each destination.

In other cases, the inverter needs two profiles because the machine characteristics vary accord-
ing to these situations:

• Sometimes the motor load is very light and can move fast. Other times the motor load is 
heavy and must move slower. Using two profiles allows the motor speed, acceleration and 
deceleration to be optimal for the load and avoid inverter trip (fault) events.

• Sometimes the slower version of the machine does not have special braking options, but a 
higher performance version does have braking features.

Having multiple motor profiles lets you store several “personalities” for motors in one 
inverter’s memory. The inverter allows the final selection between the three motor types to be 
made in the field through the use of intelligent input terminal functions [SET] and [SET3]. This 
provides an extra level of flexibility needed in particular situations. See the following page.

Inverter

to Nth motor

Motor 1

Motor 2

U/T1
V/T2
W/T3
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Parameters for the second motor and third motors have function codes of the form x2xx and 
x3xx respectively. They appear immediately after the first motor’s parameter in the menu 
listing order. The following table lists the parameters that have the second/third parameter 
registers for programming.

Function Name
Parameter Codes

1st motor 2nd motor 3rd motor

Multi-speed frequency setting A020 A220 A320

Acceleration time setting (Acceleration 1) F002 F202 F302

Deceleration time setting (Deceleration 1) F003 F203 F303

Second acceleration time setting (Accelera-
tion 2)

A092 A292 A392

Second deceleration time setting (Decelera-
tion 2)

A093 A293 A393

Select method to use 2nd acceleration/deceler-
ation

A094 A294 —

Acc1 to Acc2 frequency transition point A095 A295 —

Dec1 to Dec2 frequency transition point A096 A296 —

Level of electronic thermal setting B012 B212 B312

Select electronic thermal characteristic B013 B213 B313

Torque boost method selection A041 A241 —

Manual torque boost value A042 A242 —

Manual torque boost frequency adjustment A043 A243 A343

V/F characteristic curve selection A044 A244 A344

Base frequency setting A003 A203 A303

Maximum frequency setting A004 A204 A304

Select motor constant H002 H202 —

Motor capacity setting H003 H203 —

Motor poles setting H004 H204 —

Motor constant R1 setting (Standard, Auto 
tuning)

H020/H030 H220/H230 —

Motor constant R2 setting (Standard, Auto 
tuning)

H021/H031 H221/H231 —

Motor constant L setting (Standard, Auto 
tuning)

H022/H032 H222/H232 —

Motor constant Io setting (Standard, Auto 
tuning)

H023/H033 H223/H233 —

Motor constant J setting (Standard, Auto 
tuning)

H024/H034 H224/H234 —

Motor constant Kp setting (Standard, Auto 
tuning)

H005 H205 —

Motor stabilization constant H006 H206 —
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Introduction
A motor speed control system will obviously include a motor and inverter, as well as fuses for 
safety. If you are connecting a motor to the inverter on a test bench just to get started, that’s all 
you may need for now. But a fully developed system can also have a variety of additional 
components. Some can be for noise suppression, while others may enhance the inverter’s 
braking performance.  The figure below shows a system with several possible optional compo-
nents, and the table gives part number information.

AC reactor, or 
LCR filter

RF noise
 filter

DC link choke

AC reactor

EMI filter

Capacitive filter

Braking 
resistor

Braking 
unit

RF noise filter

Thermal switch

NOTE: The Hitachi part number series for accessories 
includes different sizes of each part type, specified by the
–x suffix. Hitachi product literature can help match size 
and rating of your inverter to the proper accessory size.

Each inverter accessory comes with its own printed 
instruction manual. Please refer to those manuals for com-
plete installation details. This chapter gives only an over-
view of these optional system devices. For more 
information on Hitachi inverter system accessories, please 
contact your Hitachi sales office or distributor.

Name

Part No. Series
See 

pageEurope, 
Japan

USA

AC reactor, input 
side

ALI–xxx HRL–x 5–3

RF noise filter, 
input side

ZCL–x ZCL–x 5–4

EMI filter
(EMC Class A)

NF–CEHx NF–CEHxx 5–4

EMI filter
(EMC Class B)

NF–CEHx,
with FC–Hx

NF–CEHxx,
with FC–Hx

5–4

Capacitive filter CFI–x CFI–x 5–4

DC link choke — HDC–xxx 5–4

Braking resistor JRB–xxx–x,
SRB–xxx–x

JRB–xxx,
SRB–xxx

5–9

Braking resistor, 
NEMA-rated

— HRB1-x,
HRB2-x
HRB3-x

5–9

Resistance braking 
unit

BRD–xxx BRD–xxx 5–8

RF noise filter, 
output side

ZCL–xxx ZCL–xxx 5–4

AC reactor, output 
side

ALI–xxx HRL–xxx 5–3

LCR filter — HRL–xxxC 5–3

Encoder feed-back 
expansion

SJ-FB 5–5

Digital input 
expansion card

SJ-DG 5–5

Inverter

Encoder input 
expansion card

Digital input
expansion card

A B

Switch

Breaker, 
MCCB or 

GFI

Ferrite core

Expansion bay

L1 L2 L3

T1 T2 T3

Motor

Encoder

R S T

+1

+

RB

GND

U V W

–

From power supply
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Component Descriptions
AC Reactors, 
Input Side

This is useful in suppressing harmonics induced on the power supply lines, or when the main 
power voltage imbalance exceeds 3% (and power source capacity is more than 500 kVA), or to 
smooth out line fluctuations. It also improves the power factor.

In the following cases for a general-purpose inverter, a large peak current flows on the main 
power supply side, and is able to destroy the inverter module:

• If the unbalanced factor of the power supply is 3% or higher

• If the power supply capacity is at least 10 times greater than the inverter capacity (the power 
supply capacity is 500 kVA or more)

• If abrupt power supply changes are expected

Examples of these situations include:

1. Several inverters are connected in parallel, sharing the same power bus

2. A thyristor converter and an inverter are connected in parallel, sharing the same power bus

3. An installed phase-advance (power factor correction) capacitor opens and closes

Where these conditions exist or when the connected equipment must be highly reliable, install 
an AC reactor between the power supply and the inverter. Also, where the effects of an indirect 
lightning strike is possible, install a lightning conductor.

Example calculation:

VRS = 205V, VST = 203V, VTR = 197V,
where VRS is R-S line voltage, VST is S-T line voltage, VTR is T-R line voltage 

Please refer to the documentation that comes with the AC reactor for installation instructions.

AC Reactor or 
LCR Filter,
Output Side

This reactor reduces the vibrations in the motor caused by the inverter’s switching waveforms, 
by smoothing the waveforms to approximate commercial power quality. It is also useful to 
reduce the reflected voltage wave phenomenon when wiring from the inverter to the motor is 
more than 10m in length. Please refer to the documentation that comes with the AC reactor for 
installation instructions.

Unbalance factor of voltage Max. line voltage (min.) Mean line voltage–
Meanline voltage

----------------------------------------------------------------------------------------------------------- 100×=

VRS VRS VST VTR+ +( ) 3⁄–

VRS VST VTR+ +( ) 3⁄
-------------------------------------------------------------------------- 100×=

205 202–
202

------------------------ 100× 1.5%= =
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Zero-phase 
Reactor (RF 
Noise Filter)

Electrical noise interference may occur 
on nearby equipment such as a radio 
receiver. The zero-phase reactor helps 
reduce radiated noise from the inverter 
wiring. It can be used on the input or 
output side of the inverter. The example 
zero-phase reactor shown to the right 
comes with a mounting bracket. The 
wiring must go through the opening to 
reduce the RF component of the electri-
cal noise. Loop the wires three times 
(four turns) to attain the full RF filtering 
effect. For larger wire sizes, place 
multiple zero-phase reactors (up to 
four) side-by-side for a greater filtering 
effect.

EMI Filter The EMI filter reduces the conducted noise on the power supply wiring generated by the 
inverter. Connect the EMI filter to the inverter primary (input side). The NF–CEH–x series 
filter is required for compliance to the EMC Class A directive (Europe) and C-TICK (Austra-
lia). See “CE–EMC Installation Guidelines” on page D–2.

WARNING: The EMI filter has high internal leakage current from power wiring to the chassis. 
Therefore, connect the chassis ground of the EMI filter before making the power connections to 
avoid danger of shock or injury.

Ferrite Core To meet EMC Class B limit an optional ferrite core (FC–Hx) must be inserted between the
NF–CEHx filter (above) and the inverter.

RF Noise Filter 
(Capacitive)

This capacitive filter reduces radiated noise from the main power wires in the inverter input 
side. This filter is not for achieving CE compliance and is applicable only to the input side only 
of the inverter. It comes in two versions—for 200V class inverters or 400V class inverters. 
Please refer to the documentation that comes with the radio noise filter for installation instruc-
tions.

DC Link Choke The DC choke (reactor) suppresses harmonics generated by the inverter. It attenuates the high-
frequency components on the inverter’s internal DC bus (link). However, note that it does not 
protect the diode rectifiers in the inverter input circuit.

ZCL–x

NF–CEHxx
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Expansion Cards The SJ–FB Encoder Feedback Board installs in 
the inverter’s expansion bay, which can accept 
up to two expansion cards. The encoder card 
accepts two-channel incremental encoder 
signals. Position feedback is essential for certain 
torque-control algorithms, and is useful for 
improving low-speed performance. The card can 
also generate linear acceleration/deceleration 
ramps for velocity control.

All wiring associated with this card connects to 
its PWB connectors as shown. Some related 
signals may be assigned to the intelligent I/O 
terminals, as described in Chapter 4. For more 
information, refer to the SJ–FB manual.

The SJ–DG Digital Input Card installs in the 
inverter’s expansion bay. This card accepts up to 
eight digital input signals, in addition to the intel-
ligent inputs on the inverter’s control terminal 
connector. All wiring associated with card 
connects to its PWB connectors as shown.

The SJ–DN DeviceNet Interface Card (not shown) installs in the inverter’s expansion bay. It 
connects directly to a DeviceNet network. Inverter parameters P044 to P049 configure the card. 
Only one DeviceNet card may be installed in an inverter. For more information, please refer to 
the DeviceNet Expansion Card Instruction Manual.

PWB connector 
to external wiring 

SJ–FB Encoder Feedback Card

PWB connector 
to external wiring 

SJ–DG Digital Input Card
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Dynamic Braking
Introduction The purpose of dynamic braking is to improve the ability of the inverter 

to stop (decelerate) the motor and load. This becomes necessary when an 
application has some or all of the following characteristics:

• High load inertia compared to the available motor torque

• The application requires frequent or sudden changes in speed

• System losses are not great enough to slow the motor as needed

When the inverter reduces its output frequency to decelerate the load, the 
motor can temporarily become a generator. This occurs when the motor 
rotation frequency is higher than the inverter output frequency. This 
condition can cause the inverter DC bus voltage to rise, resulting in an 
over-voltage trip. In many applications, the over-voltage condition 
serves as a warning signal that we have exceeded the deceleration 
capabilities of the system. SJ300 inverters rated 15hp (11kW) and below 
have a built-in braking unit that sends the regenerative energy from the 
motor during deceleration to the optional braking resistor(s). External 
braking units may also be used if higher braking torques and/or duty 
cycles are required. The dynamic braking resistor serves as a load, devel-
oping heat to stop the motor just as brakes on an automobile develop 
heat during braking.

The braking resistor is the main component of a braking resistor assem-
bly, which includes an integral thermal fuse and thermally activated 
alarm relay for safety. However, be careful to avoid overheating its resis-
tor. The thermal fuse and thermal relay are safeguards for extreme condi-
tions, but the inverter can maintain braking usage in a safe zone.

Dynamic Braking 
Usage Ratio

The inverter controls braking via a duty cycle 
method (percent of the time braking is ON 
versus total time). Parameter B090 sets the 
dynamic braking usage ratio. In the graph to 
the right, the example shows three uses of 
dynamic braking in a 100-second period. The 
inverter calculates the average percentage 
usage in that time (T%). The percentage of 
usage is proportional to the heat dissipated. If 
T% is greater than the B090 parameter 
setting, the inverter enters the Trip Mode and 
turns OFF the frequency output.

Please note the following (for SJ300–004LF/HF to SJ300–110LF/HF).

• When B090 is set for 0%, dynamic braking is not performed.

• When the T% value exceeds the limit set by B090, the inverter will trip (ending the dynamic 
braking).

• The cable from the external resistor to the inverter must not exceed 5 m (16 ft.) length.

• The individual wires from the resistor to the inverter must not be bundled together.

NOTE: Inverters rated 20hp (15kW) and above (SJ300–150LF/HF to SJ300–550LF/1320HFE/
1500HFU) do not include an internal braking unit. Parameters B090, B095, and B096 do not 
apply to these models.

Braking
Resistor

B90

BRD

T% t1 t2 t3 ...+ + +( )
100 seconds

------------------------------------------ 100×=

t

t1 t2 t3

ON

OFF
100s
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SJ300
Dynamic Braking 
Selection Tables

The SJ300 Series 200V and 400V class inverter models in the 1/2 to 15 hp range have internal 
braking units. Additional stopping torque is available by adding external resistors. The required 
braking torque depends on your particular application. Other tables in this section will help you 
choose the proper resistor.

1/2 to 15 hp (0.4 to 11 kW) Without
External Resistor

Using Optional
 External Resistor

Performance @ 
Minimum Resistance

Minimum 
Resistance 
@ 100% 
Braking 

Duty 
Cycle, 
Ohms

Voltage 
Class

Model Number
Motor 

hp
Braking 

Unit

Braking 
Torque

@ 60Hz, 
%

External 
Resistance, 

Ohms

Braking 
Torque 
@60Hz,

%

Minimum 
Resistance, 

Ohms

Max. 
Braking 

Duty 
Cycle, 

%

200V

SJ300–004LFU 1/2 Built-in 50 50 200 50 10 150

SJ300–007LFU 1 Built-in 50 50 200 50 10 150

SJ300–015LFU 2 Built-in 50 35 200 35 10 100

SJ300–022LFU 3 Built-in 20 35 160 35 10 100

SJ300–037LFU 5 Built-in 20 35 100 35 10 100

SJ300–055LFU 7.5 Built-in 20 17 80 17 10 50

SJ300–075LFU 10 Built-in 20 17 80 17 10 50

SJ300–110LFU 15 Built-in 10 17 70 17 10 50

400V

SJ300–007HFU/E 1 Built-in 50 100 200 100 10 300

SJ300–015HFU/E 2 Built-in 50 100 200 100 10 300

SJ300–022HFU/E 3 Built-in 20 100 200 100 10 300

SJ300–040HFU/E 5 Built-in 20 100 140 70 10 200

SJ300–055HFU/E 7.5 Built-in 20 70 100 70 10 200

SJ300–075HFU/E 10 Built-in 20 70 100 50 10 150

SJ300–110HFU/E 15 Built-in 10 70 70 50 10 150
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Choosing a 
Braking Unit

The SJ300 Series 200V and 400V class inverter models in the 20 to 200 hp range require 
external braking units to increase their braking torque. Braking units come in sizes correspond-
ing to the power handing requirements for particular resistor selections. Be sure to follow the 
installation instructions accompanying each braking unit. The following table lists the SJ300 
inverter models and their applicable braking units.

20 to 200 hp (15 to 1500 kW)

Performance Versus External Braking Units

Without 
Braking 

Unit
With Braking Unit

Voltage 
Class

Model Number

SJ300

Motor 
hp

Braking 
Torque,

%

Braking Unit 
Model

Minimum 
Resistance, 

Ohms

Max. 
Braking 

Duty Cycle, 
%

Minimum 
Resistance 
@ 100% 
Braking 

Duty Cycle, 
Ohms

200V

–150LFU
20

10 BRD–E2 17 10 46

10 BRD–E2–30K 4 20 6

–185LFU
25

10 BRD–E2 17 10 46

10 BRD–E2–30K 4 20 6

–220LFU
30

10 BRD–E2 17 10 46

10 BRD–E2–30K 4 20 6

–300LFU 40 10 BRD–E2–30K 2 20 6

10 BRD–E2–55K 2 20 4

–370LFU 50 10 BRD–E2–55K 2 20 4

–450LFU 60 10 BRD–E2–55K 2 20 4

–550LFU 75 10 BRD–E2–55K 2 20 4

400V

–150HFU/HFE 20 10 BRD–EZ2 20 10 34

10 BRD–EZ2–30K 10 10 24

–185HFU/HFE 25 10 BRD–EZ2 20 10 34

10 BRD–EZ2–30K 10 10 24

–220HFU/HFE 30 10 BRD–EZ2 20 10 34

10 BRD–EZ2–30K 10 10 24

–300HFU/HFE 40 10 BRD–EZ2–55K 6 20 12

–370HFU/HFE 50 10 BRD–EZ2–55K 6 20 12

–450HFU/HFE 60 10 BRD–EZ2–55K 6 20 12

–550HFU/HFE 75 10 BRD–EZ2–55K 6 20 12

–750HFU/HFE 100 10 BRD–EZ2–55K 6 20 12

–900HFU/HFE 125 10 BRD–EZ2–55K 6 20 12

–1100HFU/HFE 150 10 BRD–EZ2–55K 6 20 12

–1320HFE 175 10 BRD–EZ2–55K 6 20 12

–1500HFU 200 10 BRD–EZ2–55K 6 20 12
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Selecting a 
Braking Resistor

You can add one or more resistors to your inverter configuration to increase braking torque 
performance. The number of resistors and their configuration (series or parallel) depends on the 
desired braking torque. The tables below list the resistor types for inverter models with internal 
braking units. Tables for inverters with external braking units are on the next two pages.

• Total Ohms – lists the resistance value of the resistor or, if using multiple resistors, their 
combined resistance

• Total Watts – lists the power dissipation of the resistor or, if using multiple resistors, their 
combined power dissipation

• Maximum Duty Cycle – the maximum allowable percentage of braking time over any 100-
second interval to avoid overheating the resistor(s)

• Maximum braking torque – the maximum braking torque that the inverter / resistor combina-
tion can deliver

NOTE: If your application requires resistors with NEMA ratings, be sure to use the HRB type.

200V Class Dynamic Braking Resistor Selection

Max. 
Braking 
Torque, 

%

Model 
Number

SJ300

JRB Series SRB/NSRB Series HRB Series

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–004LFU 120–3 50 120 1.5 300–1 50 300 7.5 HRB1 50 400 10 200

–007LFU 120–3 50 120 1.5 300–1 50 300 7.5 HRB1 50 400 10 200

–015LFU 120–4 35 120 1.0 400–1 35 400 7.5 HRB2 35 600 10 200

–022LFU 120–4 35 120 1.0 400–1 35 400 7.5 HRB2 35 600 10 160

–037LFU 120–4 35 120 1.0 400–1 35 400 7.5 HRB2 35 600 10 100

–055LFU
120–4 
x (2) in 
parallel

17.5 240 1.0
400–1 
x (2) in 
parallel

17.5 800 7.5 HRB3 17 1200 10 80

–075LFU 17.5 240 1.0 17.5 800 7.5 HRB3 17 1200 10 80

–110LFU 17.5 240 1.0 17.5 800 7.5 HRB3 17 1200 10 70

400V Class Dynamic Braking Resistor Selection

Max. 
Braking 
Torque, 

%

Model 
Number

SJ300

JRB Series SRB/NSRB Series HRB Series

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Type
& (qty)

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–007HFU/HFE 120–2 100 120 1.5 200–2 100 200 7.5
HRB1 
x (2) in 
series

100 800 10 200

–015HFU/HFE 120–2 100 120 1.5 200–2 100 200 7.5 100 800 10 200

–022HFU/HFE 120–2 100 120 1.5 200–2 100 200 7.5 100 800 10 200

–040HFU/HFE

120–4 
x (2) in 
series

70 240 1.0

400–1 
x (2) in 
series

70 800 10

HRB2 
x (2) in 
series

70 1200 10 140

–055HFU/HFE 70 240 1.0 70 800 10 70 1200 10 120

–075HFU/HFE 70 240 1.0 70 800 10 70 1200 10 100

–110HFU/HFE 70 240 1.0 70 800 10 70 1200 10 70
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The table below lists the performance of 200V-class inverter models with the optional external 
braking units. In some cases, the resistor selection specifies multiple resistors in a parallel, 
series, or combination parallel/series configuration. The example diagram shows a parallel 
configuration. Please refer to the braking resistor documentation for detailed wiring diagrams.
    

200V Class Braking Unit Dynamic Braking Resistor Selection
Max. 

Braking 
Torque, 

%

Model Number

SJ300
Type

Type
x (quantity)

Series or 
Parallel

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–150LFU

BRD–E2

HRB1 — 50 400 10 30

HRB2 — 35 600 10 35

HRB3 — 17 1200 10 60

BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 110

HRB3 x (3) parallel 5.7 3600 20 150

HRB3 x (4) parallel 4.3 4800 20 200

–185LFU

BRD–E2

HRB1 — 50 400 10 25

HRB2 — 35 600 10 30

HRB3 — 17 1200 10 50

BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 90

HRB3 x (3) parallel 5.7 3600 20 130

HRB3 x (4) parallel 4.3 4800 20 170

–220LFU

BRD–E2

HRB1 — 50 400 10 25

HRB2 — 35 600 10 30

HRB3 — 17 1200 10 45

BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 80

HRB3 x (3) parallel 5.7 3600 20 110

HRB3 x (4) parallel 4.3 4800 20 150

–300LFU BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 55

HRB3 x (3) parallel 5.7 3600 20 80

HRB3 x (4) parallel 4.3 4800 20 110

–370LFU BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 45

HRB3 x (3) parallel 5.7 3600 20 65

HRB3 x (4) parallel 4.3 4800 20 90

–450LFU BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 35

HRB3 x (3) parallel 5.7 3600 20 50

HRB3 x (4) parallel 4.3 4800 20 75

Braking 
Unit

Inverter

Example configuration

HRB3 x (4)  parallel
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The table below lists the performance of 400V-class inverter models with the optional external 
braking units. In some cases, the resistor selection specifies multiple resistors in a parallel, 
series, or combination parallel/series configuration. The example diagram shows a combination 
parallel / series configuration. Please refer to the braking unit manual for detailed wiring 
diagrams.   

–550LFU BRD–E2–30K

HRB3 x (2) parallel 8.5 2400 20 30

HRB3 x (3) parallel 5.7 3600 20 40

HRB3 x (4) parallel 4.3 4800 20 60

200V Class Braking Unit Dynamic Braking Resistor Selection
Max. 

Braking 
Torque, 

%

Model Number

SJ300
Type

Type
x (quantity)

Series or 
Parallel

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

Braking 
Unit

HRB3 x (6)...
(3)  parallel x 2 seriesInverter

Example configuration

400V Class Braking Unit Dynamic Braking Resistor Selection
Max. 

Braking 
Torque, 

%

Model Number

SJ300
Type

Type
x (quantity)

Series / 
Parallel

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%

–150HFU/HFE

BRD–EZ2

HRB1 x (2) series 100 800 10 40

HRB2 x (2) series 70 1200 10 60

HRB3 x (2) series 34 2400 10 110

BRD–EZ2–30K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 190

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 200

–185HFU/HFE

BRD–EZ2

HRB1 x (2) series 100 800 10 40

HRB2 x (2) series 70 1200 10 50

HRB3 x (2) series 34 2400 10 90

BRD–EZ2–30K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 170

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 200

–220HFU/HFE

BRD–EZ2

HRB1 x (2) series 100 800 10 35

HRB2 x (2) series 70 1200 10 45

HRB3 x (2) series 34 2400 10 80

BRD–EZ2–30K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 150

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 200
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NOTE: Other braking units and resistors are also available. For braking requirements beyond 
those in the tables, contact your Hitachi distributor.

–300HFU BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 110

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 170

–370HFU/HFE BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 90

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 150

–450HFU/HFE BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 70

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 120

–550HFU/HFE BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 60

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 100

–750HFU/HFE BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 45

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 70

–900HFU/HFE BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 40

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 60

–1100HFU/HFE BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 30

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 50

–1320HFU BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 25

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 40

–1500HFE BRD–EZ2–55K

HRB3 x (4) (2) parallel
 x 2 series

17 4800 10 20

HRB3 x (6) (3) parallel
 x 2 series

11.3 7200 10 35

400V Class Braking Unit Dynamic Braking Resistor Selection
Max. 

Braking 
Torque, 

%

Model Number

SJ300
Type

Type
x (quantity)

Series / 
Parallel

Total 
Ohms

Total 
Watts

Max. 
Duty 

Cycle, 
%
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6–2

Troubleshooting
Safety Messages Please read the following safety messages before troubleshooting or performing maintenance 

on the inverter and motor system.

WARNING: Wait at least five (5) minutes after turning OFF the input power supply before 
performing maintenance or an inspection. Otherwise, there is the danger of electric shock.

WARNING: Make sure that only qualified personnel will perform maintenance, inspection, 
and part replacement. Before starting to work, remove any metallic objects from your person 
(wristwatch, bracelet, etc.). Be sure to use tools with insulated handles. Otherwise, there is a 
danger of electric shock and/or injury to personnel.

WARNING: Never remove connectors by pulling on its wire leads (wires for cooling fan and 
logic P.C. board). Otherwise, there is danger of fire due to wire breakage and/or injury to 
personnel.

General Precau-
tions and Notes

• Always keep the unit clean so that dust or other foreign matter does not enter the inverter.

• Take special care to avoid breaking wires or making connection mistakes.

• Firmly connect terminals and connectors.

• Keep electronic equipment away from moisture and oil.  Dust, steel filings and other foreign 
matter can damage the inverter, causing unexpected accidents, so take special care.

Inspection Items This chapter provides instructions or checklists for these inspection items:

• Daily inspection

• Periodic inspection (approximately once a year)

• Insulation resistance test
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Troubleshooting 
Tips

The table below lists typical symptoms and the corresponding solution(s). 

Symptom/condition Probable Cause Solution

The motor 
will not run.

The inverter 
outputs U, V, W 
are not supplying 

voltage.

• Is the frequency command source 
A001 parameter setting correct?

• Is the Run command source A002 
parameter setting correct?

• Make sure the parameter 
setting A001 is correct.

• Make sure the parameter 
setting A002 is correct.

• Is power being supplied to terminals
 [R], [S], and [T] ([L1], [L2], and 
[L3])? If so, the POWER lamp should 
be ON.

• Check terminals [R], [S], and 
[T] ([L1], [L2], and [L3]), then 
[U], [V], and [W] ([T1], [T2], 
and [T3]).

• Turn ON the power supply or 
check fuses.

• Is there an error code EXX.X 
displayed?

• Press the Func. key and deter-
mine the error type. Eliminate 
the error cause, then clear the 
error (Reset).

• Are the signals to the intelligent input 
terminals correct?

• Is the Run Command active?

• Is the [FW] terminal (or [RV]) 
connected to P24 (via switch, etc.)

• Verify the terminal functions 
for C001 - C008 are correct.

• Turn ON Run command 
enable.

• Supply 24V to [FW] or [RV] 
terminal, if configured.

• Has the frequency setting for F001 
been set greater than zero?

• Are the control circuit terminals [H], 
[O], and [L] connected to the potenti-
ometer?

• Set the parameter for F001 to a 
safe, non-zero value.

• If the potentiometer is the 
frequency setting source, verify 
voltage at [O] > 0V.

• Is the RS (reset) function or FRS (free-
run stop) function ON?

• Turn OFF the command(s).

Inverter outputs 
U, V, W are 
supplying voltage.

• Is the motor load too heavy? • Reduce load or test the motor 
independently of the load.

The direction of the motor is 
reversed.

• Are the connections of output termi-
nals [U/T1], [V/T2], and [W/T3] 
correct?

• Is the phase sequence of the motor 
forward or reverse with respect to
[U/T1],[V/T2], and [W/T3]?

• Make connections according to 
the phase sequence of the 
motor. In general:
FWD = U-V-W, and REV=U-
W-V.

• Are the control terminals [FW] and 
[RV] wired correctly?

• Is parameter F004 properly set?

• Use terminal [FW] for forward, 
and [RV] for reverse.

• Set motor direction in F004.
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6–4

The motor speed will not reach the 
target frequency (desired speed).

• If using the analog input, is there 
current or voltage at [O] or [OI]?

• Check the wiring.
• Check the potentiometer or 

signal generating device.

• Is the load too heavy? • Reduce the load.
• Heavy loads activate the 

overload restriction feature 
(reduces output as needed).

• Is the inverter internally limiting the 
output frequency?

• Check max frequency setting 
(A004)

• Check frequency upper limit 
setting (A061)

• If using analog inputs, check 
their settings (A101– A104) 
or (A111–A114), or (A011–
A014)

The rotation is unstable.

• Is the load fluctuation too great?

• Is the supply voltage unstable?
• Is the problem occurring at a particular 

frequency?

• Increase the motor capacity 
(both inverter and motor).

• Fix power supply problem.
• Change the output frequency 

slightly, or use the jump 
frequency setting to skip the 
problem frequency.

The RPM of the motor does not 
match the inverter output 

frequency setting.

• Is the maximum frequency setting 
A004 correct?

• Does the monitor function D001 
display the expected output frequency?

• Verify the V/F settings match 
motor specifications.

• Make sure all scaling (such as 
A011 to A014) is properly set.

A parameter 
will not 

change after 
an edit 

(reverts to old 
setting).

True for certain 
parameters

• Is the inverter in Run Mode? Some 
parameters cannot be edited during 
Run Mode.

• Put inverter in Stop Mode 
(press the Stop/reset key). Then 
edit the parameter.

True for all 
parameters

• If you’re using the [SFT] intelligent 
input (software lock function)—is the 
[SFT] input ON?

• Change the state of the SFT 
input, and check the B031 
parameter (SFT mode).

Symptom/condition Probable Cause Solution
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Monitoring Trip Events, History, & Conditions
Fault Detection 
and Clearing

The microprocessor in the inverter detects a 
variety of fault conditions and captures the event, 
recording it in a history table. The inverter output 
turns OFF, or “trips” similar to the way a circuit 
breaker trips due to an over-current condition. 
Most faults occur when the motor is running (refer 
to the diagram to the right). However, the inverter 
could have an internal fault and trip in Stop Mode. 
In either case, you can clear the fault by pressing 
the Stop/Reset key. Additionally, you can clear the 
inverter’s cumulative trip history by performing the procedure “Restoring Factory Default 
Settings” on page 6–9 (setting B_84=00 will clear the trip history but leave inverter settings 
intact).

Error Status 
Codes

The conditions at the time of an error provide important clues to help you understand the cause. 
The SJ300 inverter displays a “status at trip point” digit to the right of the decimal point for 
some error codes. For example, E07.2 means Error 7 occurred and the inverter status was 
condition # “2” when the error occurred.

Error Codes An error code will appear on the display automatically when a fault causes the inverter to trip. 
The following table lists the cause associated with the error.

RUN

STOP
RESET

STOP
RESET

Run Stop

Fault
Trip Fault

Status 
Codes Inverter Status

Status 
Codes Inverter Status

 ---.0 Reset  ---.5 f0 stop

 ---.1 Stop  ---.6 Starting

 ---.2 Deceleration  ---.7 DC braking

 ---.3 Constant speed  ---.8 Overload restriction

 ---.4 Acceleration  

Error 
Code

Name Probable Cause(s)

E01 Over current event while at 
constant speed

The inverter output was short-circuited, or the 
motor shaft is locked or has a heavy load. These 
conditions cause excessive current for the inverter, 
so the inverter output is turned OFF.

The dual-voltage motor is wired incorrectly.

Note: The SJ300 will over current trip at 
nominally 200% of rated current for models up to 
–550xxx;
nominally 180% of rated current for models
–750xxx to –1500xxx.

E02 Over current event during 
deceleration

E03 Over current event during 
acceleration

E04 Over current event during 
other conditions

DC braking power(A054) is set too high, or a 
current transformer error occurred, or a noise 
source induced the error.
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6–6

E05 Overload protection When a motor overload is detected by the 
electronic thermal function, the inverter trips and 
turns OFF its output.

E06 Braking resistor overload When the regenerative braking resistor exceeds 
the usage time allowance or usage ratio, the 
inverter trips and turns OFF its output to the 
motor.

E07 Over voltage protection When the DC bus voltage exceeds a threshold, due 
to regenerative energy from the motor.

E08 EEPROM error When the built-in EEPROM memory has 
problems due to noise or excessive temperature, 
the inverter trips and turns OFF its output to the 
motor.

E09 Under-voltage error A decrease of internal DC bus voltage below a 
threshold results in a control circuit fault. This 
condition can also generate excessive motor heat 
or cause low torque. The inverter trips and turns 
OFF its output.

E10 CT (current transformer) 
error

If a strong source of electrical interference is close 
to the inverter or a fault occurs in a built-in CT 
(current transformer), the inverter trips and turns 
its output OFF.

E11 CPU error A malfunction in the built-in CPU has occurred, 
so the inverter trips and turns OFF its output to the 
motor.

E12 External trip A signal on an intelligent input terminal config-
ured as EXT has occurred. The inverter trips and 
turns OFF the output to the motor.

E13 USP When the Unattended Start Protection (USP) is 
enabled, an error occurred when power is applied 
while a Run signal is present. The inverter trips 
and does not go into Run Mode until the error is 
cleared.

E14 Ground fault The inverter is protected by the detection of 
ground faults between the inverter output and the 
motor during powerup tests. This feature protects 
the inverter, and does not protect humans. 

E15 Input over-voltage When the input voltage is higher than the specified 
value, it is detected 60 seconds after powerup and 
the inverter trips and turns OFF its output.

E16 Instantaneous power failure When the input power is removed for more than 
15ms, the inverter trips and the output to the motor 
turns OFF. If the power failure duration exceeds 
the duration set in parameter B002, it is consid-
ered a power failure. When input power is 
restored, the inverter restarts if the Run signal is 
present, depending on the restart condition.

E21 Inverter thermal trip When the inverter internal temperature is above 
the threshold, the thermal sensor in the inverter 
module detects the excessive temperature of the 
power devices and trips, turning the inverter 
output OFF.

Error 
Code

Name Probable Cause(s)

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 653 of 2133



SJ300 Inverter

Troubleshooting
and M

aintenance
6–7

NOTE: If an EEPROM error (E08) occurs, be sure to confirm the parameter data values are 
still correct.

E23 Gate array error An internal inverter error has occurred in commu-
nications between the CPU and gate array IC. 

E24 Phase failure detection One of three lines of the 3-phase power is missing.

E30 IGBT error When an instantaneous over-current condition 
occurs on any IGBT (output transistor) device, the 
inverter alarm trips. then it turns the outputs OFF 
in order to protect the circuitry.

E35 Thermistor When a thermistor is connected to terminals 
[THM] and [CM1] and the inverter has sensed the 
temperature is too high, the inverter trips and turns 
OFF the output.

E36 Brake error When the inverter releases the brake and cannot 
detect whether the external brake is ON or OFF 
within the waiting time (set by parameter B024), 
the inverter trips and turns OFF the output to the 
motor.

–––– Under-voltage (brownout) 
with output shutoff

Due to low input voltage, the inverter turns its 
output OFF and tries to restart. If it fails to restart, 
then the alarm trips to record the under-voltage 
error event.

E6X Expansion card #1
connection error

An error has occurred in an expansion card or at 
its connecting terminals. Please refer to the 
manual for the expansion card for additional 
details.E7X Expansion card #2

connection error

Error 
Code

Name Probable Cause(s)
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6–8

Trip History and 
Inverter Status

We recommend that you first find the cause of the fault before attempting clearing it. When a 
fault occurs, the inverter stores important performance data at the moment of the fault. To 
access the data, use the monitor functions (Dxxx) and select D081 for details about the present 
fault (En). The previous five faults are stored in D081 to D086, with D (En-1 to En-5). Each error 
shifts D081–D085 to D082–D086, and writes the new error to D081.

The following Monitor Menu map shows how to access the error codes. When fault(s) exist, 
you can review their details by first selecting the proper function: D081 is most recent, and 
D086 is the oldest.

1

Error Code

Error
exists?

Output frequency at 
trip point

Motor current at 
trip point

DC bus voltage at 
trip point

No error

Yes

No

FUNC.

2 1 2

2

E 0 7.2

6 0.00

4.00

2 7 0.0

1 5

1 8

d  081

d  086

d 0 8 2

1

1

1

1

1

_ _ _ _

Cumulative inverter 
operation time

at trip point

Cumulative power-
ON time at trip point

1

FUNC.

2

FUNC.

Current Trip 
Conditions

Trip History

Monitor Menu
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Restoring Factory Default Settings
You can restore all inverter parameters to the original factory (default) settings for the intended 
country of use. After initializing the inverter, use the powerup test in Chapter 2 to get the motor 
running again. To initialize the inverter, follow the steps below.

NOTE: Initialization cannot be performed with a remote operator panel. Disconnect the device 
and use the inverter’s front panel keypad.

No. Action Display Func./Parameter

1
Use the , , and  keys to 
navigate to the “B” Group.

“B” Group selected

2
Press the  key.

First “B” parameter selected

3
Press and hold the  key until ->

Country code for initializa-
tion selected

4
Press the  key.

00 = Japan, 01 = Europe,
02 = U.S. 

5 Confirm the country code is correct. Do not change it unless you are absolutely sure 
the power input voltage range and frequency match the country code setting.

To change the country code, press  or  to set;  to store.

6
Press the  key.

Country code for initializa-
tion selected

7
Press the  key.

Initialization function selected

8
Press the  key.

00 = initialization disabled, 
clear trip history only

9
Press the  key.

01 = enable initialization

10
Press the  key.

Initialization now enabled to 
restore all defaults

11
Press and hold the , , and 

 keys. Do not let release yet.

First part of special key 
sequence, the “B” is flashing.

12 Holding the keys above, press and 

hold the  (STOP) key for 3 sec.

Final part of special key 
sequence, “B084” is flashing

13 When the b084 display function 

begins blinking, release the ,   

, , and  keys together.

  

or
 

Default parameter country 
code shown during initializa-
tion process (left-most charac-
ter displays alternating 
pattern)

14 Initialization is complete. Function code for output 
frequency monitor shown

FUNC. 1 2 b  - -

FUNC. b 0 0 1

1 b 0 8 5
FUNC.  0 2

1 2 STR

FUNC. b 0 8 5
2 b 0 8 4

FUNC.  0 0

1 0 1
STR b 0 8 4

FUNC. 1

2

b 0 8 4

STOP
RESET

b 0 8 4

STOP
RESET

FUNC. 1 2

0  e u

0 U S A

d  0 1
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6–10

Maintenance and Inspection
Monthly and 
Yearly Inspection 
Chart

Note 1: The life of a capacitor is affected by the ambient temperature. See “Capacitor Life 
Curve” on page 6–12.

Note 2: The inverter must be cleaned periodically. If dust accumulates on the fan and heat 
sink, it can cause overheating of the inverter.

Item Inspected Check for...

Inspection 
Cycle Inspection Method Criteria

Month Year

Overall Ambient 
environment

Extreme
temperatures
& humidity

✔ Thermometer, 
hygrometer

Ambient temperature 
between -10 to 50°C, 
non-condensing

Major devices Abnormal 
vibration, 
noise

✔ Visual and aural Stable environment for 
electronic controls

Power supply 
voltage

Voltage toler-
ance

✔ Digital volt meter, 
measure between 
inverter terminals 
[L1], [L2], [L3]

200V class:
200 to 240V 50/60 Hz
400V class:
380 to 460V 50/60 Hz

Main 
circuit

Ground
Insulation

Adequate 
resistance

✔ Megger test 500VDC, reading of 5M 
ohms or greater, see next 
section for test details

Mounting No loose 
screws

✔ Torque wrench M3: 0.5 – 0.6 Nm
M4: 0.98 – 1.3 Nm
M5: 1.5 – 2.0 Nm

Components Overheating ✔ Thermal trip events No trip events

Housing Dirt, dust ✔ Visual Vacuum dust and dirt

Terminal block Secure 
connections

✔ Visual No abnormalities

Smoothing 
capacitor

Leaking, 
swelling

✔ Visual No abnormalities

Relay(s) Chattering ✔ Aural Single click when 
switching ON or OFF

Resistors Cracks or 
discoloring

✔ Visual Use Ohm meter to check 
braking resistors

Cooling fan Noise ✔ Power down, 
manually rotate

Rotation must be smooth

Dust ✔ Visual Vacuum to clean

Control 
circuit

Overall No odor, 
discoloring, 
corrosion

✔ Visual No abnormalities

Capacitor No leaks or 
deformation

✔ Visual Undistorted appearance

Display LEDs Legibility ✔ Visual All LED segments work
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Megger Test The megger is a piece of test equipment that uses a high voltage to determine if an insulation 
degradation has occurred. For inverters, it is important that the power terminals be isolated 
from the Earth GND terminal via the proper amount of insulation.

The circuit diagram below shows the inverter wiring for performing the megger test. Just follow 
the steps to perform the test:

1. Remove power from the inverter and wait at least 5 minutes before proceeding.

2. Open the front housing panel to access the power wiring.

3. Remove all wires to terminals [R, S, T, PD, P, N, RB, U, V, and W]. Most importantly, the 
input power and motor wires will be disconnected from the inverter.

4. Remove the jumper at connector J61. It is located on the main circuit board beside the 
power terminals.

5. Use a bare wire and short terminals [R, S, T, PD, P, N, RB, U, V, and W] together as shown 
in the diagram.

6. Connect the megger to the inverter Earth GND and to the shorted power terminals as shown. 
Then perform the megger test at 500 VDC and verify 5MΩ or greater resistance.

7. After completing the test, disconnect the megger from the inverter.

8. Reconnect the jumper at connector J61 as before.

9. Reconnect the original wires to terminals [R, S, T, PD, P, N, RB, U, V, and W].

CAUTION: Do not connect the megger to any control circuit terminals such as intelligent I/O, 
analog terminals, etc. Doing so could cause damage to the inverter.

CAUTION: Never test the withstand voltage (HIPOT) on the inverter. The inverter has a surge 
protector between the main circuit terminals above and the chassis ground.

U

V

W
Motor

R

S

T

Disconnect 
power source

P

PD

RB

N

J61

SJ300 Disconnect 
motor wires

Earth 
GND

Megger, 500VDC

Add test
jumper wire

Disconnect jumper at 
J61 before performing 

the megger test

L1

L2

L3
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Spare parts We recommend that you stock spare parts to reduce down time, including parts listed below:

Capacitor
Life Curve

The DC bus inside the inverter uses a large capacitor as shown in the diagram below. The 
capacitor handles high voltage and current as it smooths the power for use by the inverter. So, 
any degradation of the capacitor will affect the performance of the inverter. The capacitor bank 
in SJ300 series inverters is replaceable. This section will show you how to replace it in the field.

Capacitor life is reduced in higher ambient temperatures, as the graph below demonstrates. Be 
sure to keep the ambient temperature at acceptable levels, and perform maintenance inspections 
on the fan, heat sink, and other components. If the inverter is installed on a cabinet, the ambient 
temperature is the temperature inside the cabinet.

Part description Symbol
Quantity

Notes
Used Spare

Cooling fan FAN 1, 2, 3... (depends 
on model)

1 or 2 Fan unit at top of housing 
in all models

Auxiliary cooling fan FAN 0 or 1... (depends 
on model)

0 or 1 –150Lxx, –185Lxx, and  
–220Lxx models

Capacitor bank CB 1 1 All models

Power 
Input

Inverter
L1/R

Motor

L2/S

L3/T

Rectifier

Variable-frequency Drive

Internal DC Bus

+

+

–

U/T1

V/T2

W/T3

Converter

Ambient
temperature, °C

Years

Capacitor Life Curve
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Capacitor 
Replacement

The capacitor bank consists of an assembly that slides out of the SJ300 unit. This means that no 
soldering is required!

1. First, make sure that all power is removed 
from the unit, and that  you have waited 5 
minutes before accessing the wiring area. Then 
you’ll need to remove the metal wire entry 
plate located at the bottom of the unit. This 
may require you to disconnect all wires to the 
power terminals. Then, just loosen the screws 
as shown, and slide the wire entry plate 
outward on its guides to remove.

WARNING: The screws that retain the capacitor bank assembly are part of the electrical 
circuit of the high-voltage internal DC bus. Be sure that all power has been disconnected from 
the inverter, and that you have waited at least 5 minutes before accessing the terminals or 
screws. Be sure the charge lamp is extinguished. Otherwise, there is the danger of electrocution 
to personnel.

2. The capacitor bank assembly is locked into 
the inverter via two screws that also make the 
electrical connection to the internal DC bus. 
These two screws are accessible just below 
the power terminals as shown to the right.

3. Grasp the capacitor bank assembly and gently 
slide it out of the unit as shown to the right. DO 
NOT try to force the removal; it will slide out 
easily if all the screws in the steps above have 
been removed.

4. Then slide in the new unit and replace all the 
screws removed in steps 1) and 2).

CAUTION: Do not operate the inverter unless 
you have replaced the two screws that connect 
the capacitor bank assembly to the internal DC 
bus. Otherwise, damage to the inverter may 
occur.

Retention screws for wire entry plate

Retention screws for capacitor bank

Pull capacitor bank assembly outward 
from SJ300 unit to remove
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Fan Assembly 
Replacement

The SJ300 Series inverters have field-replaceable fan units. They include an internal connector 
for easy removal and replacement. You will need to remove the front panel covers to remove 
the fan assembly. First, be sure to  remove power from the unit and wait at least 5 minutes 
before accessing the wiring area.

1. Remove the digital operator from the front 
panel. Then remove the bottom front panel 
to expose the wiring area as shown.  This 
will also expose the retention screws for the 
top front panel. Remove these screws, 
which will allow the front panel to hinge 
upward and unfasten from the unit.

2. After removing all front panel pieces, locate 
the thumb latches in the top of the inverter 
housing. Grasp and push the releases inward as 
shown to the right, and gently pull upward to 
remove the fan assembly.

CAUTION: Remove the fan assembly carefully, 
since it is attached to the unit via connecting 
wires.

3. After unfastening the fan assembly, turn it over 
to expose the connecting wires. Then locate the 
PWB connector as shown. Disconnect the 
wiring.

4. Connect the new fan assembly wiring. The 
polarized plug will ensure a proper connection.

5. Snap the replacement fan into place.

6. Replace all front panel pieces and retention 
screws.

Digital operator keypad removal

Upper panel 
retention screws

PWB connector for fan assembly wiring
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General Inverter 
Electrical 
Measurements

The following table specifies how to measure key system electrical parameters. The diagrams 
on the next page show inverter-motor systems and the location of measurement points for these 
parameters.

Note 1: Use a meter indicating a fundamental wave effective value for voltage, and meters 
indicating total effective values for current and power.

Note 2: The inverter output has a distorted waveform, and harmonic frequencies may cause 
erroneous readings. However, the measuring instruments and methods listed above 
provide reasonably accurate results.

Note 3: A general-purpose digital volt meter (DVM) is not usually suitable to measure a 
distorted waveform (not pure sinusoid).

Parameter
Circuit location
of measurement

Measuring 
instrument

Notes Reference Value

Supply voltage
E1

ER – across L1 and L2
ES – across L2 and L3
ET – across L3 and L1

Moving-coil type 
voltmeter or recti-
fier type voltmeter

Fundamental 
wave effective 
value

Commercial supply 
voltage (200V class) 
200-240V, 50/60 Hz
400V class 380-
460V, 50/60 Hz

Supply current
I1

Ir – L1, Is – L2, It – L3 Moving-coil type 
ammeter

Total effective 
value

—

Supply power W1 W11 – across L1 and L2
W12 – across L2 and L3

Electronic type 
wattmeter

Total effective 
value

—

Supply power 
factor Pf1

—

Output voltage 
E0

EU – across U and V
EV – across V and W
EW – across W and U

Rectifier type 
voltmeter

Total effective 
value

—

Output current Io IU – U
IV – V
IW – W

Moving-coil type 
ammeter

Total effective 
value

—

Output power Wo W01 – across U and V
W02 – across V and W

Electronic type 
wattmeter

Total effective 
value

—

Output power 
factor Pfo

Calculate the output power factor from the output voltage E, output 
current I, and output power W.

—

Pf1
W1

3 E1× I1×
------------------------------ 100%×=

Pf0
W0

3 E0× I0×
------------------------------ 100%×=
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6–16

The figure below shows measurement locations for voltage, current, and power measurements 
listed in the table on the previous page. The voltage to be measured is the fundamental wave 
effective voltage. The power to be measured is the total effective power.

Inverter Output 
Voltage Measure-
ment Techniques

Taking voltage measurements around drives equipment requires the right equipment and a safe 
approach. You are working with high voltages and high-frequency switching waveforms that 
are not pure sinusoids. Digital voltmeters will not usually produce reliable readings for these 
waveforms. And, it is usually risky to connect high voltage signals to oscilloscopes. The 
inverter output semiconductors have some leakage, and no-load measurements produce 
misleading results. So, we highly recommend using the following circuits to measure voltage 
for performing the equipment inspections.

HIGH VOLTAGE: Be careful not to touch wiring or connector terminals when working with 
the inverters and taking measurements. Be sure to place the measurement circuitry above in an 
insulated housing before using them.

E1

I1 I1

I1

I1

EU-V

EU-V

EU-V

W01

W02

W01

W02E1

E1

I2

I3

Three-phase measurement diagram

L1

L2

L3

Inverter

Motor

T1

T2

T3

R

S

T

U

V

W

V/T2

W/T3

U/T1

L2/S

L3/T

L1/R

V/T2

W/T3

U/T1

L2/S

L3/T

L1/R

V class Diode bridge Voltmeter
200V class 600V 0.01A min. 300V range
400V class 1000V 0.1 A min. 600V range

220kΩ
2W

+ –

220kΩ
2W

+ –

Voltage measurement with load

Inverter

Voltage measurement without load

Inverter

V class Diode bridge Voltmeter
200V class 600V 0.01A min. 300V range
400V class 1000V 0.1 A min. 600V range

5kΩ
30W
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IGBT Test Method The following procedure will check the inverter transistors (IGBTs) and diodes:

1. Disconnect input power to terminals [R, S, and T] and motor terminals [U, V, and W]. 

2. Disconnect any wires from terminals [P] and [RB] for regenerative braking.

3. Use a Digital Volt Meter (DVM) and set it for 1 ohm resistance range. You can check the 
status of the charging state of terminals [R, S, T, U, V, W, RB, P, and N] of the inverter and 
the probe of the DVM by measuring the charging state.

Almost infinite ohms = “non-conducting,” and 0 to 10 ohms = “conducting.”

NOTE: The resistance values for the diodes or the transistors will not be exactly the same, but 
they will be close. If you find a significance difference, a problem may exist.

NOTE: Before measuring the voltage between [P] and [N] with the DC current range, confirm 
that the smoothing capacitor is discharged fully, then execute the tests.

Circuit Type
DVM  Probe

Measured Value
+ –

Converter

D1 R PD Non-conducting

PD R Conducting

D2 S PD Non-conducting

PD S Conducting

D3 T PD Non-conducting

PD T Conducting

D4 R N Conducting

N R Non-conducting

D5 S N Conducting

N S Non-conducting

D6 T N Conducting

N T Non-conducting

Inverter

TR1 U P Non-conducting

P U Conducting

TR2 V P Non-conducting

P V Conducting

TR3 W P Non-conducting

P W Conducting

TR4 U N Conducting

N U Non-conducting

TR5 V N Conduct

N V Non-conducting

TR6 W N Conducting

N W Non-conducting

Dynamic 
Braking

(0.4kW–11kW)

TR7 RB P Non-conducting

P RB Conducting

RB N Non-conducting

N RB Non-conducting

R

S

T

D1 D2 D3

D4 D5 D6

U

V

W

TR1 TR2 TR3

TR4 TR5 TR6

PD P RB

C

TR7

+

Converter Inverter

N

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 664 of 2133



Warranty

Tr
ou

bl
es

ho
ot

in
g

an
d 

M
ai

nt
en

an
ce
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Warranty

Warranty Terms
The warranty period under normal installation and handling conditions shall be two (2) 
years from the date of manufacture (“DATE” on product nameplate), or one (1) year 
from the date of installation, whichever occurs first. The warranty shall cover the repair 
or replacement, at Hitachi's sole discretion, of ONLY the inverter that was installed.

1. Service in the following cases, even within the warranty period, shall be charged to 
the purchaser:

a. Malfunction or damage caused by mis-operation or modification or improper 
repair

b. Malfunction or damage caused by a drop after purchase and transportation

c. Malfunction or damage caused by fire, earthquake, flood, lightning, abnormal 
input voltage, contamination, or other natural disasters

2. When service is required for the product at your work site, all expenses associated 
with field repair shall be charged to the purchaser.

3. Always keep this manual handy; please do not lose it. Please contact your Hitachi 
distributor to purchase replacement or additional manuals.
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Glossary
Ambient
Temperature

The air temperature in the chamber containing a powered electronic unit. A unit’s heat sinks 
rely on a lower ambient temperature in order to dissipate heat away from sensitive electronics.

Arrival Frequency The arrival frequency refers to the set output frequency of the inverter for the constant speed 
setting. The arrival frequency feature turns ON an output when the inverter reaches the set 
constant speed. The inverter has various arrival frequencies and pulsed or latched logic options.

Auto-tuning The ability of a controller to execute a procedure that interacts with a load to determine the 
proper coefficients to use in the control algorithm. Auto-tuning is a common feature of process 
controllers with PID loops. Hitachi inverters feature auto-tuning to determine motor parameters 
for optimal commutation. Auto-tuning is available as a special command from a digital 
operator panel. See also digital operator panel.

Base Frequency The power input frequency for which an AC induction motor is designed to operate. Most 
motors will specify a 50 to 60 Hz value. The Hitachi inverters have a programmable base 
frequency, so you must ensure that parameter matches the attached motor. The term base 
frequency helps differentiate it from the carrier frequency. See also carrier frequency and 
frequency setting.

Braking Resistor An energy-absorbing resistor that dissipates energy from a decelerating load. Load inertia 
causes the motor to act as a generator during deceleration. See also four-quadrant operation 
and dynamic braking.

Break-away 
Torque

The torque a motor must produce to overcome the static friction of a load in order to start the 
load moving.

Carrier 
Frequency

The frequency of the constant, periodic, switching waveform that the inverter modulates to 
generate the AC output to the motor. See also PWM.

CE A regulatory agency for governing the performance of electronic products in Europe. Drive 
installations designed to have CE approval must have particular filter(s) installed in the applica-
tion.

Choke An inductor that is tuned to react at radio frequencies is called a “choke,” since it attenuates 
(chokes) frequencies above a particular threshold. Tuning is often accomplished by using a 
movable magnetic core. In variable-frequency drive systems, a choke positioned around high-
current wiring can help attenuate harmful harmonics and protect equipment. See also harmon-
ics.

DC Braking The inverter DC braking feature stops the AC commutation to the motor, and sends a DC 
current through the motor windings in order to stop the motor. Also called “DC injection 
braking,” it has little effect at high speed, and is used as the motor is nearing a stop.

DC Link The portion of the variable frequency drive between the input rectifiers and the output stages. It 
delivers smoothed DC power to the control and output stages of the drive.

Deadband In a control system, the range of input change for which there is no perceptible change in the 
output. In PID loops, the error term may have a deadband associated with it. Deadband may or 
may not be desirable; it depends on the needs of the application.

Digital Operator 
Panel

For Hitachi inverters, “digital operator panel” (DOP) refers first to the operator keypad on the 
front panel of the inverter. It also includes hand-held remote keypads, which connect to the 
inverter via a cable. Finally, the DOP Professional is a PC-based software simulation of the 
keypad devices.
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Diode A semiconductor device that has a voltage-current characteristic that allows current to flow 
only in one direction, with negligible leakage current in the reverse direction. See also rectifier.

Duty Cycle 1. The percent of time a square wave of fixed frequency is ON (high) versus OFF (low).  2. The 
ratio of operating time of a motor, braking resistor, etc. to its resting time. This parameter 
usually is specified in association with the allowable thermal rise for the device.

Dynamic Braking The inverter dynamic braking feature shunts the motor-generated EMF energy into a special 
braking resistor. The added dissipation (braking torque) is effective at higher speeds, having a 
reduced effect as the motor nears a stop.

Error In process control, the error is the difference between the desired value or setpoint (SP) and the 
actual value of a the process variable (PV). See also process variable and PID Loop.

EMI Electromagnetic Interference - In motor/drive systems, the switching of high currents and 
voltages creates the possibility of generating radiated electrical noise that may interfere with 
the operation of nearby sensitive electrical instruments or devices. Certain aspects of an instal-
lation, such as long motor lead wire lengths, tend to increase the chance of EMI. Hitachi 
provides accessory filter components you can install to decrease the level of EMI.

Four-quadrant
operation

Referring to a graph of torque versus speed, a four-quadrant drive can turn the motor either 
forward or reverse, as well as decelerate in either direction (see also reverse torque). A load that 
has a relatively high inertia and must move in both directions and change directions rapidly 
requires four-quadrant capability from its drive.

Free-run Stop A method of stopping a motor, caused when the inverter simply turns OFF its motor output 
connections. This may allow the motor and load to coast to a stop, or a mechanical brake may 
intervene and shorten the deceleration time.

Frequency 
Setting

While frequency has a broad meaning in electronics, it typically refers to motor speed for 
variable-frequency drives (inverters). This is because the output frequency of the inverter is 
variable, and is proportional to the attained motor speed. For example, a motor with a base 
frequency of 60 Hz can be speed controlled with an inverter output varying form 0 to 60 Hz. 
See also base frequency, carrier frequency, and slip.

Harmonics A harmonic is a whole number multiple of a base of fundamental frequency. The square waves 
used in inverters produce high-frequency harmonics, even though the main goal is to produce 
lower-frequency sine waves. These harmonics can be harmful to electronics (including motor 
windings) and cause radiated energy that interferes with nearby electronic devices. Chokes, line 
reactors, and filters are sometimes used to suppress the transmission of harmonics in an electri-
cal system. See also choke.

Horsepower A unit of physical measure to quantify the amount of work done per unit of time. You can 
directly convert between horsepower and Watts as measurements of power.

IGBT Insulated Gate Bipolar Transistor (IGBT) - A semiconductor transistor capable of conduct-
ing very large currents when in saturation and capable of withstanding very high voltages when 
it is OFF. This high-power bipolar transistor is the type used in Hitachi inverters. 

Inertia The natural resistance of an object to being accelerated or decelerated by an external force. See 
also momentum.

Intelligent 
Terminal

A configurable input or output logic function on the Hitachi inverters. Each terminal may be 
assigned one of several functions.

Inverter A device that electronically changes DC to AC current through a alternating process of switch-
ing the input to the output, inverted and non-inverted. A variable speed drive such as the Hitachi 
SJ300 is also called an inverter, since it contains three inverter circuits to generate 3-phase 
output to the motor.
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Isolation
Transformer

A transformer with 1:1 voltage ratio that provides electrical isolation between its primary and 
secondary windings. These are typically used on the power input side of the device to be 
protected. An isolation transformer can protect equipment from a ground fault or other 
malfunction of nearby equipment, as well as attenuate harmful harmonics and transients on the 
input power.

Jogging
Operation

Usually done manually, a jog command from an operator’s panel requests the motor/drive 
system to run indefinitely in a particular direction, until the machine operator ends the jog 
operation.

Jump Frequency A jump frequency is a point on the inverter output frequency range that you want the inverter to 
skip around. This feature may be used to avoid a resonant frequency, and you can program up 
to three jump frequencies in the inverter.

Line Reactor A three-phase inductor generally installed in the AC input circuit of an inverter to minimize 
harmonics and to limit short-circuit current.

Momentum The physical property of a body in motion that causes it to continue to remain in motion. In the 
case of motors, the rotor and attached load are rotating and possess angular momentum.

Multi-speed 
Operation

The ability of a motor drive to store preset discrete speed levels for the motor, and control 
motor speed according to the currently selected speed preset. The Hitachi inverters have 16 
preset speeds.

Motor Load In motor terminology, motor load consists of the inertia of the physical mass that is moved by 
the motor and the related friction from guiding mechanisms. See also inertia.

NEC The National Electric Code is a regulatory document that governs electrical power and device 
wiring and installation in the United States.

NEMA The National Electric Manufacturer’s Association. NEMA Codes are a published series of 
device ratings standards. Industry uses these to evaluate or compare the performance of devices 
made by various manufacturers to a known standard.

Open-collector 
Outputs

A common logic-type discrete output that uses an NPN transistor that acts as a switch to a 
power supply common, usually ground. The transistor’s collector is open for external connec-
tion (not connected internally). Thus, the output sinks external load current to ground.

Orientation When using the expansion card SJ-FB with encoder feedback, the orientation feature is avail-
able. Also called home search in motion terminology, you can specify a search direction and a 
stop position. Typically the orientation procedure is necessary after each inverter powerup.

Power Factor A ratio that expresses a phase difference (timing offset) between current and voltage supplied 
by a power source to a load. A perfect power factor = 1.0 (no phase offset). Power factors less 
than one cause some energy loss in power transmission wiring (source to load). 

PID Loop Proportional-Integral-Derivative – a mathematical model used for process control. A process 
controller maintains a process variable (PV) at a setpoint (SP) by using its PID algorithm to 
compensate for dynamic conditions and varies its output to drive the PV toward the desired 
value. See also error.

Process Variable A physical property of a process that is of interest because it affects the quality of the primary 
task accomplished by the process. For an industrial oven, temperature is the process variable. 
See also PID Loop and error.

PWM Pulse-width modulation: A type of AC adjustable frequency drive that accomplishes frequency 
and voltage control at the output section (inverter) of the drive. The drive output voltage 
waveform is at a constant amplitude, and by “chopping” the waveform (pulse-width-modulat-
ing), the average voltage is controlled. The chopping frequency is sometimes called the carrier 
frequency.
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Reactance The impedance of inductors and capacitors has two components. The resistive part is constant, 
while the reactive part changes with applied frequency. These devices have a complex imped-
ance (complex number), where the resistance is the real part and the reactance is the imaginary 
part.

Rectifier An electronic device made of one or more diodes that converts AC power into DC power. 
Rectifiers are usually used in combination with capacitors to filter (smooth) the rectified 
waveform to closely approximate a pure DC voltage source.

Regenerative 
Braking

A particular method of generating reverse torque to a motor, an inverter will switch internally to 
allow the motor to become a generator and will either store the energy internally, deliver the 
braking energy back to the main power input, or dissipate it with a resistor.

Regulation The quality of control applied to maintain a parameter of interest at a desired value. Usually 
expressed as a percent (+/-) from the nominal, motor regulation usually refers to its shaft speed.

Reverse Torque The torque applied in the direction opposite to motor shaft rotation. As such, reverse torque is a 
decelerating force on the motor and its external load.

Rotor The windings of a motor that rotate, being physically coupled to the motor shaft. See also 
stator.

Saturation 
Voltage

For a transistor semiconductor device, it is in saturation when an increase in input current no 
longer results in an increase in the output current. The saturation voltage is the voltage drop 
across the device. The ideal saturation voltage is zero.

Sensorless 
Vector Control

A technique used in variable-frequency drives to rotate the force vector in the motor without the 
use of a shaft position sensor (angular). Benefits include an increase in torque at the lowest 
speed and the cost savings from the lack of a shaft position sensor.

Setpoint (SP) The setpoint is the desired value of a process variable of interest. See also Process Variable 
(PV) and PID Loop.

Single-phase 
Power

An AC power source consisting of Hot and Neutral wires. An Earth Ground connection usually 
accompanies them. In theory, the voltage potential on Neutral stays at or near Earth Ground, 
while Hot varies sinusoidally above and below Neutral. This power source is named Single 
Phase to differentiate it from three-phase power sources. Some Hitachi inverters can accept 
single phase input power, but they all output three-phase power to the motor. See also three-
phase.

Slip The difference between the theoretical (synchronous) speed of a motor at no load (determined 
by its inverter output waveforms) and the actual speed. Some slip is essential in order to 
develop torque to the load, but too much will cause excessive heat in the motor windings and/or 
cause the motor to stall.

Squirrel Cage A “nick-name” for the appearance of the rotor frame assembly for an AC induction motor. 

Stator The windings in a motor that are stationary and coupled to the power input of the motor. See 
also rotor.

Start Frequency The output frequency that the inverter first produces as the frequency command setting 
increases from zero. The start frequency is programmable, and is important to set properly for 
the load, etc.

Tachometer 1. A signal generator usually attached to the motor shaft for the purpose of providing feedback 
to the speed controlling device of the motor.  2. A speed-monitoring test meter that may 
optically sense shaft rotation speed and display it on a readout.
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Thermal Switch An electromechanical safety device that opens to stop current flow when the temperature at the 
device reaches a specific temperature threshold. Thermal switches are sometimes installed in 
the motor in order to protect the windings from heat damage. The inverter can use thermal 
switch signals to trip (shut down) if the motor overheats. See also trip.

Thermistor A type of temperature sensor that changes its resistance according to its temperature. The 
sensing range of thermistors and their ruggedness make them ideal for motor overheating 
detection. Hitachi inverters have built-in thermistor input circuits, which can detect an 
overheated motor and shut OFF (trip) the inverter output.

Three-phase 
Power

An AC power source with three Hot connections that have phase offsets of 120 degrees is a 3-
phase power source. Usually, Neutral and Earth Ground wires accompany the three Hot 
connections. Loads may be configured in a delta or Y configuration. A Y-connected load such 
as an AC induction motor will be a balanced load; the currents in all the Hot connections are the 
same. Therefore, the Neutral connection is theoretically zero. This is why inverters that 
generate 3-phase power for motors do not generally have a Neutral connection to the motor. 
However, the Earth Ground connection is important for safety reasons, and is provided.

Torque A measure of rotational force. The units of measurement are the product of the distance (radius 
from shaft center axis) and force (weight) applied at that distance. Units are usually given as 
pound-feet, ounce-inches, or Newton-meters.

Transistor A solid state, three-terminal device that provides amplification of signals and can be used for 
switching and control. While transistors have a linear operating range, inverters use them as 
high-powered switches. Recent developments in power semiconductors have produced transis-
tors capable of handling high voltages and currents, all with high reliability. The saturation 
voltage has been decreasing, resulting in less heat dissipation. Hitachi inverters use state-of-
the-art semiconductors to provide high performance and reliability in a compact package. See 
also IGBT and saturation voltage.

Trip An event that causes the inverter to stop operation is called a “trip” event (as in tripping a 
circuit breaker). The inverter keeps a history log of trip events. They also require an action to 
clear.

Watt Loss A measure of the internal power loss of a component, the difference between the power it 
consumes and what its output delivers. An inverter’s watt loss is the input power minus the 
power delivered to the motor. The watt loss is typically highest when an inverter is delivering 
its maximum output. Therefore, watt loss is usually specified for a particular output level. 
Inverter watt loss specifications are important when designing enclosures.
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Introduction
SJ300 inverters have a built-in RS485 serial communications interface. This serial communica-
tions function provides a way of controlling from 1 to 32 inverters on a common serial network. 
In a typical application, a host computer or controller is the master and each of the inverter(s) is 
a slave, as shown in the figure below.

The specifications for SJ300 Series RS485 serial communications are in the following table:

Item Specifications User-selectable

Transmission speed 2400 / 4800 / 9600 / 19200 bps ✔

Communication modes Half duplex (one device transmits at a time) ✘

Synchronization Direct current transmission ✘

Character code ASCII codes ✘

LSB placement Transmits LBB first ✘

Electrical interface RS485 differential transceiver ✘

Data bits 7 or 8 bits ✔

Parity None / even / odd ✔

Stop bits 1 or 2 bits ✔

Start convention One-way start from host device command ✘

Wait time for response 10 to 1000 ms ✔

Connections Station address numbers from 1 to 32 ✔

Error check Overrun / Fleming block check code / vertical 
or horizontal parity

✘

SJ300 SJ300SJ300

RS485 serial network

1 2 32
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Serial Connection 
Diagrams

The serial connector is to the left of the control logic connector as shown below:

Each device requires just two connections for data transmission and reception. Additionally, the 
device at each physical end of the wiring requires a termination resistor. The SJ300 has built-in 
termination resistors that become part of the circuit when you add a jumper as shown.

TIP: Each slave device on the serial network must have a unique node address, set by parame-
ter C072. If this is a new application, we recommend connecting one new device at a time and 
checking the communications after each addition.

SP SN RP SN

Serial
Communications

Connector

Send/receive (+) Positive

Send/receive (–) Negative

Termination resistor (+)

Termination resistor (–)

SP SN RP SN

SJ300 SJ300

SP SN RP SN SP SN RP SN

SJ300

Termination jumper

Send/receive (+)

Send/receive (–)

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 674 of 2133



Introduction

A
pp

en
di

x 
B

B–4

Serial Network 
Parameter 
Settings

Several parameter settings are necessary to configure serial communications, listed below. 

For inverters on the same network, some settings must match from inverter to inverter. These 
include:

• Baud rate

• Data bits

• Parity

• Stop bits

However, the node address on each inverter must be unique, used only once on the network.

Function 
Code

Item Value Description

C070 Data command source

02 Digital operator

03 RS485 connector

04 Expansion card #1

05 Expansion card #2

C071 Baud rate

02 Loop-back test

03 2400 bps

04 4800 bps

05 9600 bps

06 19200 bps

C072 Node address

1 to 32, 
FF

1 to 32 – Node or station address (unique 
to each inverter or device)
FF – Automatic broadcast (to all nodes on 
transmit, allowed only on certain 
commands (refer to each command 
description in this appendix)

C073 Data bits
07 7 bits

08 8 bits

C074 Parity

00 none

01 Even parity

02 Odd parity

C075 Stop bits
01 1 bit

02 2 bits

C078 Wait time 0 to 1000 0 to 1000 ms time that the inverter waits 
to respond to network master
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Communications Protocol
Introduction to 
Command List

The network master sends a frame to initiate 
communications with a slave, as shown in the 
figure to the right. After the set waiting time 
(per parameter C078, the inverter responds.

The following table lists the commands, single-character codes sent to a particular device on 
the network.

NOTE: Use of command 08 – set inverter parameters to default values first requires setting the 
initialization mode parameter B084 to 01 (initializes parameters only) or 02 (initializes param-
eters and clears the trip history).

Command 
Code Description User-selectable

00 Forward / Reverse / Stop command ✔

01 Setting of frequency in standard profile ✔

02 Setting of intelligent terminal state ✔

03 Read all monitor data (block read) —

04 Read inverter status —

05 Read trip history —

06 Read a single parameter value —

07 Write a single parameter value ✔

08 Set inverter parameters to default values ✔

09 Verifies that the requested setting can be 
written to EEPROM.

—

0A Writes a parameter value to EEPROM ✔

0B Requests the recalculation of internal constant ✔

Host
(master)

wait
time

frame

Inverter
(slave)

frame
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Command – 00 The 00 command controls the Forward, Reverse and Stop mode of the inverter. You must set 
parameter A002=03 in order for serial communications control of the inverter to apply.

The frame format of command 00 follows the 
timing diagram and specification table.

The example below shows a transmission to the inverter at address Node 1 to rotate the motor 
in the forward direction.

Command – 01 The 01 command sets the output frequency for the standard profile. You must set parameter 
A003=01 in order for serial communications control of the inverter to apply.

The frame format of command 01 follows the 
timing diagram and specification table.

The example below shows a transmission to the inverter at address Node 1 to set the output 
frequency for 5 Hz. We use a value of 500 in ASCII to represent 5.00 Hz.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 00

Data Transmission data 1 byte 00 = Stop command
01 = Forward command
02 = Reverse command

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command Data BCC [CR]

Frame format

(STX) | 01 | 00 | 1 | (BCC) | [CR] to ASCII 02 | 30 31 | 30 30 | 31 | 33 30 | 0D

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 01

Data Transmission data 6 bytes ASCII code for ten times the 
frequency (accommodates two 
decimal places)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command Data BCC [CR]

Frame format

(STX) | 01 | 01 | 000500 | (BCC) | 

to ASCII 02 | 30 31 | 30 31 | 30 30 30 35 30 30 | 30 35 | 
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Command – 02 The 02 command assigns the function of the intelligent input terminals.

The frame format of command 02 follows the 
timing diagram and specification table.

The 16-byte data string is specified in the following table:

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all

Command Transmission command 2 bytes 02

Data Transmission data 16 bytes (see table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command Data BCC [CR]

Frame format

Data (Hex) Description Data (Hex) Description

0000000000000001 [FW] Forward command 0000000001000000 [PIDC] PID integrator reset

0000000000000002 [RV] Reverse command 0000000002000000 —

0000000000000004 [CF1] Multi-speed 1 0000000004000000 [CAS] control gain switching function

0000000000000008 [CF2] Multi-speed 2 0000000008000000 [UP] remote control increment speed

0000000000000010 [CF3] Multi-speed 3 0000000010000000 [DWN] remote control decrement 
speed

0000000000000020 [CF4] Multi-speed 4 0000000020000000 [UDC] remote control clear up/down

0000000000000040 [JG] Jog operation 0000000040000000 —

0000000000000080 [DB] Dynamic braking 0000000080000000 [OPE] Force from operator terminal

0000000000000100 [SET] set 2nd motor 0000000100000000 [SF1] Multi-speed bit-level

0000000000000200 [2CH] 2-stage adjustable speed 0000000200000000 [SF2] Multi-speed bit-level

0000000000000400 — 0000000400000000 [SF3] Multi-speed bit-level

0000000000000800 [FRS] Free-run stop 0000000800000000 [SF4] Multi-speed bit-level

0000000000001000 [EXP] External trip 0000001000000000 [SF5] Multi-speed bit-level

0000000000002000 [USP] Unattended start protection 0000002000000000 [SF6] Multi-speed bit-level

0000000000004000 [CS] Commercial power change 0000004000000000 [SF7] Multi-speed bit-level

0000000000008000 [SFT] Software lock 0000008000000000 [OLR] Overload restriction setting

0000000000010000 [AT] analog input voltage/current 0000010000000000 [TL] Torque limit

0000000000020000 [SET3] Set 3rd motor 0000020000000000 [TRQ1] Torque limit select 1

0000000000040000 [RS] Reset 0000040000000000 [TRQ2] Torque limit select 2

0000000000080000 — 0000080000000000 [PPI P/PI] inverter mode select 

0000000000100000 [STA] 3-wire Start 0000100000000000 [BOK] Brake confirmation

0000000000200000 [ST]P 3-wire Hold 0000200000000000 [ORT] Orientation (home) command

0000000000400000 [F/R] 3-wire FWD/REV 0000400000000000 [LAC] Linear Accel/decel Cancel

0000000000800000 [PID] PID enable 0000800000000000 [PCLR] Position error clear

— — 0001000000000000 [STAT] Pulse train input enable
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The arrangement of the terminal assignment data permits you to assign all inputs in a single 
command. The example below shows a transmission to the inverter at address Node 1 to set the 
Forward command, Multi-speed 1 and Multi-speed 2.

Command – 03 The 03 command reads the monitor data as a single block.

The frame format of command 03 follows the 
diagram and specification table. The transmit 
frame has no data field.

The receive frame has a 104-byte data field, 
containing values for 13 items.

(STX) | 01 | 02 | 0x000000000000000D | (BCC) | (CR) to ASCII

02 | 30 31 | 30 31 | 30 30 30  30  30 30 30  30  30 30 30  30  30 30 30  68 | 30 35 | 0D

0x0000000000000001
+ 0x0000000000000004
+ 0x0000000000000008
= 0x000000000000000D

Sum the three data strings:

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 03

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Transmission data 104 
bytes

(see next table)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Transmit frame format

STX Node Data BCC [CR]

Receive frame format
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The data in the receive frame contains 8-byte values for 13 items, listed in the table below:

The eight bytes for intelligent input or intelligent output data have a bit set in the data field for 
each I/O point that is ON, according to the following table:

No. Monitor Item Units Multiplier

1 Output frequency Hz 100

2 Output current A 10

3 Direction of rotation — —

4 PID feedback monitor % 100

5 Intelligent input monitor — —

6 Intelligent output monitor — —

7 Frequency converting monitor — 100

8 Output torque monitor % 1

9 Output voltage monitor V 10

10 Electric power monitor kW 10

11 Reserved — —

12 Run Mode time monitor hours 1

13 Power ON time monitor hours 1

Terminal Monitor Item Data

[FW] Forward input 00000001

[1] Input 1 00000002

[2] Input 2 00000004

[3] Input 3 00000008

[4] Input 4 00000010

[5] Input 5 00000020

[6] Input 6 00000040

[7] Input 7 00000080

[8] Input 8 00000100

[AL] Alarm relay 00000001

[11] Output 1 00000002

[12] Output 2 00000004

[13] Output 3 00000008

[14] Output 4 00000010

[15] Output 5 00000020
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Command – 04 The 04 command reads the status of the inverter. 
The frame format of command 04 follows the 
diagrams and specification tables. The transmit 
frame has no data field.

The receive frame has an 8-byte data field, 
containing values for three trip items (plus a 
reserved field).

Trip data is organized as shown. The 
table below lists the codes and their 
meanings.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 04

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Transmission data 8 bytes (see next table)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Code Status A Definition Status B Definition Status C Definition

00 Initial status On stopping —

01 — On running Stop

02 On Stopping On tripping Deceleration speed

03 On running — Constant speed

04 On free-run stop — Acceleration speed

05 On jog — Forward

06 On dynamic braking — Reverse

07 On retry — Reverse from forward

08 On trip — Forward from reverse

09 On under-voltage — Forward start

10 — — Reverse start

STX Node Command BCC [CR]

Transmit frame format

STX Node Data BCC [CR]

Receive frame format

Data field contents

(reserved)Status CStatus BStatus A
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Command – 05 The 05 command reads the inverter’s trip history. 
The frame format of command 05 follows the 
diagrams and specification tables. The transmit 
frame has no data field.

The receive frame has a 440-byte data field. This 
consists of an 8-byte total accumulated number of 
trip events, followed by six 72-byte strings for the 
six most recent trip events as shown below.

The nine bytes of data for each trip event history is listed below. The data contains the multi-
plier to adjust the decimal point. Divide the data by that factor to derive the actual value.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 05

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Transmission data 440 
bytes

(see next table)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

No. Monitor Item Units Multiplier

1 Trip factor — —

2 Inverter Status A — —

3 Inverter Status B — —

4 Inverter Status C — —

5 Output frequency Hz 10

6 Accumulated Run Mode time hours 1

7 Output current A 10

8 Output voltage V 10

9 Power ON time hours 1

STX Node Command BCC [CR]

Transmit frame format

STX Node Data BCC [CR]

Receive frame format

Data field contents

Trip 3Trip 2Trip 1Total count Trip 6Trip 5Trip 4
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For Command 05, bytes 2, 3, and 4 of 
the event history are status codes A, B, 
and C, respectively. The tables below 
provide status code descriptions.

Code Status A Definition Status C Definition

00 Initial status On reset

01 — On stopping

02 On Stopping On deceleration

03 On running Constant speed

04 On free-run stop On acceleration

05 On jog On 0 Hz running

06 On dynamic braking On running

07 On retry On dynamic braking

08 On trip On overload restriction

09 On under-voltage —

Bit Status B Definition
Error 
Code

0 Ground fault E14

1 IGBT error, U phase E30

2 Under-voltage error E09

3 Over-voltage protection E07

4 Thermal trip E21

5 IGBT error, V phase E30

6 IGBT error, W phase E30

7 Gate array error E23

Data field contents

Status CStatus BStatus A

byte 4byte 3byte 2
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Command – 06 The 06 command reads a single parameter 
value from the inverter, which is specified by 
the data field this read command.

The receive frame includes an ACK 
(acknowledge) character, followed by an
8-byte data field.

Use the codes in the table below to return parameters for H03 and H203 (motor capacity selec-
tion).

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 06

Data Parameter specified to be read 4 bytes (see tables below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

ACK Control code (ACKnowledge) 1 byte ACK (0x06)

Data Parameter value 8 bytes Value of parameter times ten, 
returned as ASCII char. code,
 except for H003 and H203 (see 
table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Code Data 00 01 02 03 04 05 06 07 08 09 10

U.S. mode (B85=00, 02) 0.2 kW 0.4 0.75 1.5 2.,2 3.7

EU mode (B85=01) 0.2 kW 0.37 0.55 0.75 1.1 1.5 2.2 3.0 4.0

Code Data 11 12 13 14 15 16 17 18 19 20 21

U.S. mode (B85=00, 02) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

EU mode (B85=01) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

STX Node Command Data BCC [CR]

Transmit frame format

STX Node ACK Data BCC [CR]

Receive frame format
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Command – 07 The 07 command sets a parameter value equal to the value specified in the transmission.The 
frame format of command 07 follows the diagram and specification table.  

Note that the parameter F001, the output frequency, can be set more directly with host 
command 01 instead of with this command. Use the codes in the following table for setting 
parameters associated with H003 and H203.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 07

Parameter Function code of parameter 4 bytes F002..., A001..., B001..., C001..., 
H003..., P001...

Data Transmission data 8 bytes Value of parameter times ten as 
ASCII char. code, except for 
H003 and H203 (see table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Code Data 00 01 02 03 04 05 06 07 08 09 10

U.S. mode (B85=00, 02) 0.2 kW 0.4 0.75 1.5 2.,2 3.7

EU mode (B85=01) 0.2 kW 0.37 0.55 0.75 1.1 1.5 2.2 3.0 4.0

Code Data 11 12 13 14 15 16 17 18 19 20 21

U.S. mode (B85=00, 02) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

EU mode (B85=01) 5.5 kW 7.5 11 15 18.5 22 30 37 45 55 75

STX Node Command Data BCC [CR]

Frame format

Parameter
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Command – 08 The 08 command initializes the inverter parameters to the factory default values. First, you 
must set B84 (use command 07) to specify whether you want to clear the trip history at the 
same time. Also, set B85 to specify the country code for the initialization (use command 07).

The frame format of command 08 follows the 
diagram and specification table.

Command – 09 The 09 command verifies whether or not it is 
possible to set a particular parameter in the 
EEPROM. The frame format of command 08 
follows the diagram and specification table.

The receive frame includes an ACK 
(acknowledge) character, followed by a
2-byte data field with the result.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 08

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Frame format

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 09

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

ACK Control code (ACKnowledge) 1 byte ACK (0x06)

Data Parameter value 2 bytes 00 = setting not allowed,
01 = setting is allowed

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Transmit frame format

STX Node ACK Data BCC [CR]

Receive frame format
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Command – 0A The 0A command sets a value in the EEPROM.

The frame format of command 0A follows the 
diagram and specification table.

Command – 0B The 0B command recalculates the inverter’s internal motor constants. Use this function after 
the base frequency or any Hxxx parameters are changed via the serial link commands. 

The frame format of command 0B follows the 
diagram and specification table.

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32, and FF (broadcast to all 
nodes)

Command Transmission command 2 bytes 0A

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Frame format

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Command Transmission command 2 bytes 0B

BCC Block check sum code 2 bytes Exclusive OR of Node, 
Command, and Data

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node Command BCC [CR]

Frame format
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SJ300 Inverter

A
ppendix B

B–17

Communications Reference Information
Inverter
Affirmative Reply

The standard affirmative reply from the inverter 
uses the ACK character (acknowledge) in the data 
field. The frame format of this reply follows the 
diagram and specification table.

Inverter
Negative Reply

The standard negative reply from the inverter 
uses the NAK character (negative acknowl-
edge) in the data field. The frame format of 
this reply follows the diagram and specifica-
tion table.

The error codes for a NAK (negative acknowledge) are:

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

ACK Control code (ACKnowledge) 1 byte ACK (0x06)

BCC Block check sum code 2 bytes Exclusive OR of Node and ACK

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

STX Node ACK BCC [CR]

Frame format

Element Description Size Value

STX Control code (STart of TeXt) 1 byte STX (0x02)

Node Node (station) address of inverter 2 bytes 01 to 32

Data Error code – reason for negative 
acknowledge

2 bytes (see error codes in next table)

NAK Control code
(Negative ACKnowledge)

1 byte NAK (0x15)

Error code Code representing error type 1 byte (See next table below)

BCC Block check sum code 2 bytes Exclusive OR of Node, Data,  
and NAK

[CR] Control code (carriage return) 1 byte [CR] (0x0D)

Error 
Code

Error Description
Error 
Code

Error Description

01H Parity error 07H Receive buffer overrun error

02H Check sum error 08H Receive time-out error

03H Framing error 11H Abnormal command code error

04H Overrun error 13H Test error code

05H Protocol error 16H Abnormal parameter code/value 
error

06H ASCII code error — —

Node BCC [CR]

Frame format

STX NAK Error
code
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B–18

Block Check 
Code (BCC)

This section shows how the inverter protocol computes defines a BCC—block check code. The 
BCC is calculated for each frame transmitted and can be used to verify the integrity of data 
transmission. The example below shows command 01 setting the inverter frequency to 5Hz.

The block check code is computed by using the ASCII codes (shown above) and applying 
eXclusive OR (XOR) operations. Beginning with the first pair of bytes, the result of their XOR 
result is then used in an XOR operation with the third byte, and so on. For this example, the 
BCC calculation is shown below.

ASCII Code Table The table below shows only the ASCII codes used for function codes and parameter data.

STX Node Command Data BCC [CR]

Frame format

ASCII Code

(0x 02)

(0x 30 31)

(0x 30 31)

(0x 30 30 30 35 30 30)

(0x 30 35)

(0x 0D)

0 1

0 1

0 0 0 5 0 0

0

Data bytes:

3 0 3 03 53 03 03 03 13 03 1

0 1

3 0

3 1

0 0

3 0

0 0

3 0

0 5

3 5

0 5 BCC

XOR
intermediate results

Character ASCII Code Character ASCII Code Character ASCII Code

STX 0 2 4 3 4 C 4 3

ACK 0 6 5 3 5 D 4 4

CR 0 D 6 3 6 E 4 5

NAK 1 5 7 3 7 F 4 6

0 3 0 8 38 H 4 8

1 3 1 9 39 P 5 0

2 3 2 A 4 1 — —

3 3 3 B 4 2 — —
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C–2

Introduction
This appendix lists the user-programmable parameters for the SJ300 series inverters and the 
default values for European, U.S. and Japanese product types. The right-most column of the 
tables is blank so you can record values you have changed from the default. This involves just a 
few parameters for most applications.

Parameter Settings for Keypad Entry
SJ300 series inverters provide many functions and parameters that can be configured by the 
user. We recommend that you record all parameters that have been edited, in order to help in 
troubleshooting or recovery from a loss of parameter data.

Main Profile 
Parameters

Inverter model

MFG. No.

SJ300 } This information is printed on 
the specification label located 
on the right side of the inverter.

“F” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

F001 Output frequency setting 0.00 0.00 0.00

F002 Acceleration (1) time setting 30.0 30.0 30.0

F202 Acceleration (1) time setting, 2nd 
motor

30.0 30.0 30.0

F302 Acceleration (1) time setting, 3rd 
motor

30.0 30.0 30.0

F003 Deceleration (1) time setting 30.0 30.0 30.0

F203 Deceleration (1) time setting, 2nd 
motor

30.0 30.0 30.0

F303 Deceleration (1) time setting, 3rd 
motor

30.0 30.0 30.0

F004 Keypad Run key routing 00 00 00

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 691 of 2133



SJ300 Inverter

A
ppendix C

C–3

Standard 
Functions

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

A001 Frequency source setting 01 01 02

A002 Run command source setting 01 01 02

A003 Base frequency setting 50. 60. 60.

A203 Base frequency setting, 2nd motor 50. 60. 60.

A303 Base frequency setting, 3rd motor 50. 60. 60.

A004 Maximum frequency setting 50. 60. 60.

A204 Maximum frequency setting, 2nd 
motor

50. 60. 60.

A304 Maximum frequency setting, 3rd 
motor

50. 60. 60.

A005 [AT] selection 00 00 00

A006 [O2] selection 00 00 00

A011 [O]–[L] input active range start 
frequency

0.00 0.00 0.00

A012 [O]–[L] input active range end 
frequency

0.00 0.00 0.00

A013 [O]–[L] input active range start 
voltage

0. 0. 0.

A014 [O]–[L] input active range end 
voltage

100. 100. 100.

A015 [O]–[L] input start frequency enable 01 01 01

A016 External frequency filter time const. 8. 8. 8.

A019 Multi-speed operation selection 00 00 00

A020 Multi-speed frequency setting 0.00 0.00 0.00

A220 Multi-speed frequency setting, 2nd 
motor

0.00 0.00 0.00

A320 Multi-speed frequency setting, 3rd 
motor

0.00 0.00 0.00

A021 Multi-speed 1 setting 0.00 0.00 0.00

A022 Multi-speed 2 setting 0.00 0.00 0.00

A023 Multi-speed 3 setting 0.00 0.00 0.00

A024 Multi-speed 4 setting 0.00 0.00 0.00

A025 Multi-speed 5 setting 0.00 0.00 0.00

A026 Multi-speed 6 setting 0.00 0.00 0.00

A027 Multi-speed 7 setting 0.00 0.00 0.00
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A028 Multi-speed 8 setting 0.00 0.00 0.00

A029 Multi-speed 9 setting 0.00 0.00 0.00

A030 Multi-speed 10 setting 0.00 0.00 0.00

A031 Multi-speed 11 setting 0.00 0.00 0.00

A032 Multi-speed 12 setting 0.00 0.00 0.00

A033 Multi-speed 13 setting 0.00 0.00 0.00

A034 Multi-speed 14 setting 0.00 0.00 0.00

A035 Multi-speed 15 setting 0.00 0.00 0.00

A038 Jog frequency setting 1.00 1.00 1.00

A039 Jog stop mode 00 00 00

A041 Torque boost method selection 00 000 00

A241 Torque boost method selection, 2nd 
motor

00 00 00

A042 Manual torque boost value 1.0 1.0 1.0

A242 Manual torque boost value, 2nd 
motor

1.0 1.0 1.0

A342 Manual torque boost value, 3rd 
motor

1.0 1.0 1.0

A43 Manual torque boost frequency 
adjustment

5.0 5.0 5.0

A243 Manual torque boost frequency 
adjustment, 2nd motor

5.0 5.0 5.0

A343 Manual torque boost frequency 
adjustment, 3rd motor

5.0 5.0 5.0

A44 V/F characteristic curve selection, 
1st motor

00 00 00

A244 V/F characteristic curve selection, 
2nd motor

00 00 00

A344 V/F characteristic curve selection, 
3rd motor

00 00 00

A045 V/f gain setting 100. 100. 100.

A051 DC braking enable 00 00 00

A052 DC braking frequency setting 0.50 0.50 0.50

A053 DC braking wait time 0.0 0.0 0.0

A054 DC braking force during
deceleration

0. 0. 0.

A055 DC braking time for deceleration 0.0 0.0 0.0

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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SJ300 Inverter

A
ppendix C

C–5

A056 DC braking / edge or level detection 
for [DB] input

01 01 01

A057 DC braking force for starting 0. 0. 0.

A058 DC braking time for starting 0.0 0.0 0.0

A059 DC braking carrier frequency setting 5.0 5.0 5.0

A061 Frequency upper limit setting 0.00 0.00 0.00

A0261 Frequency upper limit setting, 2nd 
motor

0.00 0.00 0.00

A062 Frequency lower limit setting 0.00 0.00 0.00

A0262 Frequency lower limit setting, 2nd 
motor

0.00 0.00 0.00

A063, 
A065, 
A067

Jump (center) frequency setting 0.00 0.00 0.00

A064, 
A066, 
A068

Jump (hysteresis) frequency width 
setting

0.50 0.50 0.50

A069 Acceleration stop frequency setting 0.00 0.00 0.00

A070 Acceleration stop time frequency 
setting

0.0 0.0 0.0

A071 PID Function Enable 00 00 00

A072 PID proportional gain 1.0 1.0 1.0

A073 PID integral time constant 1.0 1.0 1.0

A074 PID derivative gain 0.0 0.0 0.0

A075 PV scale conversion 1.00 1.00 1.00

A076 PV source setting 00 00 00

A081 AVR function select 00 00 00

A082 AVR voltage select 230/400 230/460 200/400

A085 Operation mode
selection

00 00 00

A086 Energy saving mode tuning 50.0 50.0 50.0

A092 Acceleration (2) time setting 15.0 15.0 15.0

A292 Acceleration (2) time setting, 2nd 
motor

15.0 15.0 15.0

A392 Acceleration (2) time setting, 3rd 
motor

15.0 15.0 15.0

A093 Deceleration (2) time setting 15.0 15.0 15.0

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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A293 Deceleration (2) time setting, 2nd 
motor

15.0 15.0 15.0

A393 Deceleration (2) time setting, 3rd 
motor

15.0 15.0 15.0

A094 Select method to switch to Acc2/
Dec2 profile

00 00 00

A294 Select method to switch to Acc2/
Dec2, 2nd motor

00 00 00

A095 Acc1 to Acc2 frequency transition 
point

0.0 0.0 0.0

A295 Acc1 to Acc2 frequency transition 
point, 2nd motor

0.0 0.0 0.0

A096 Dec1 to Dec2 frequency transition 
point

0.0 0.0 0.0

A296 Dec1 to Dec2 frequency transition 
point, 2nd motor

0.0 0.0 0.0

A097 Acceleration curve selection 00 00 00

A098 Deceleration curve setting 00 00 00

A101 [OI]–[L] input active range start 
frequency

0.00 0.00 0.00

A102 [OI]–[L] input active range end 
frequency

0.00 0.00 0.00

A103 [OI]–[L] input active range start 
current

20. 20. 20.

A104 [OI]–[L] input active range end 
current

100. 100. 100.

A105 [OI]–[L] input start frequency 
enable

01 01 01

A111 [O2]–[L] input active range start 
frequency

0.00 0.00 0.00

A112 [O2]–[L] input active range end 
frequency

0.00 0.00 0.00

A113 [O2]–[L] input active range start 
voltage

–100. –100. –100.

A114 [O2]–[L] input active range end 
voltage

100. 100. 100.

A131 Acceleration curve constants setting 02 02 02

A132 Deceleration curve constants setting 02 02 02

“A” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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ppendix C

C–7

Fine Tuning 
Functions

“B” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

B001 Selection of restart mode 00 00 00

B002 Allowable under-voltage power 
failure time

1.0 1.0 1.0

B003 Retry wait time before motor restart 1.0 1.0 1.0

B004 Instantaneous power failure / under-
voltage trip alarm enable

00 00 00

B005 Number of restarts on power failure / 
under-voltage trip events

00 00 00

B006 Phase loss detection enable 00 00 00

B007 Restart frequency threshold 0.00 0.00 0.00

B012 Electronic thermal setting (calcu-
lated within the inverter from current 
output)

Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

B212 Electronic thermal setting (calcu-
lated within the inverter from current 
output), 2nd motor

Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

B312 Electronic thermal setting (calcu-
lated within the inverter from current 
output), 3rd motor

Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

B013 Electronic thermal characteristic 01 01 00

B213 Electronic thermal characteristic, 
2nd motor

01 01 00

B313 Electronic thermal characteristic, 
3rd motor

01 01 00

B015 Free setting, electronic thermal 
frequency (1) 

0. 0. 0.

B016 Free setting, electronic thermal 
current (1)

0.0 0.0 0.0

B017 Free setting, electronic thermal 
frequency (2)

0. 0. 0.

B018 Free setting, electronic thermal 
current (2)

0.0 0.0 0.0

B019 Free setting, electronic thermal 
frequency (3)

0. 0. 0.

B020 Free setting, electronic thermal 
current (3)

0.0 0.0 0.0

B021 Overload restriction operation mode 01 01 01

B022 Overload restriction setting Rated current x 
1.50

Rated current x 
1.50

Rated current x 
1.50
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B023 Deceleration rate at overload restric-
tion

1.0 1.0 1.0

B024 Overload restriction operation mode 
(2)

01 01 01

B025 Overload restriction setting (2) Rated current x 
1.50

Rated current x 
1.50

Rated current x 
1.50

B026 Deceleration rate at overload
restriction (2)

1.00 1.00 1.00

B031 Software lock mode selection 01 01 01

B034 Run/power-on warning time 0. 0. 0.

B035 Rotational direction restriction 00 00 00

B036 Reduced voltage start selection 06 06 06

B037 Function code display restriction 00 00 00

B040 Torque limit selection 00 00 00

B041 Torque limit (1) (forward-driving in 
4-quadrant mode) 

150. 150. 150.

B042 Torque limit (2) (reverse-regenerat-
ing in 4-quadrant mode)

150. 150. 150.

B043 Torque limit (3) (reverse-driving in 
4-quadrant mode)

150. 150. 150.

B044 Torque limit (4) (forward-regenerat-
ing in 4-quadrant mode)

150. 150. 150.

B045 Torque limit LADSTOP enable 00 00 00

B046 Reverse Run protection enable 00 00 00

B050 Controller deceleration and stop on 
power loss

00 00 00

B051 DC bus voltage trigger level during 
power loss

0.0 0.0 0.0

B052 Over-voltage threshold during power 
loss

0.0 0.0 0.0

B053 Deceleration time setting during 
power loss

1.00 1.00 1.00

B054 Initial output frequency decrease 
during power loss

0.00 0.00 0.00

B080 [AM] terminal analog meter adjust-
ment

180 180 180

B081 [FM] terminal analog meter adjust-
ment

60 60 60

B082 Start frequency adjustment 0.50 0.50 0.50

B083 Carrier frequency setting 5.0 5.0 5.0

“B” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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SJ300 Inverter

A
ppendix C

C–9

B084 Initialization mode (parameters or 
trip history)

00 00 00

B085 Country code for initialization 01 02 00

B086 Frequency scaling conversion factor 1.0 1.0 1.0

B087 STOP key enable 00 00 00

B088 Restart mode after FRS 00 00 00

B090 Dynamic braking usage ratio 0.0 0.0 0.0

B091 Stop mode selection 00 00 00

B092 Cooling fan control 00 00 00

B095 Dynamic braking control 00 00 00

B096 Dynamic braking activation level 360/720 360/720 360/720

B098 Thermistor for thermal protection 
control

00 00 00

B099 Thermal protection level setting 3000. 3000. 3000.

B100 Free-setting V/f frequency (1) 0. 0. 0.

B101 Free-setting V/f voltage (1) 0.0 0.0 0.0

B102 Free-setting V/f frequency (2) 0. 0. 0.

B103 Free-setting V/f voltage (2) 0.0 0.0 0.0

B104 Free-setting V/f frequency (3) 0. 0. 0.

B105 Free-setting V/f voltage (3) 0.0 0.0 0.0

B106 Free-setting V/f frequency (4) 0. 0. 0.

B107 Free-setting V/f voltage (4) 0.0 0.0 0.0

B108 Free-setting V/f frequency (5) 0. 0. 0.

B109 Free-setting V/f voltage (5) 0.0 0.0 0.0

B110 Free-setting V/f frequency (6) 0. 0. 0.

B111 Free-setting V/f voltage (6) 0.0 0.0 0.0

B112 Free-setting V/f frequency (7) 0. 0. 0.

B113 Free-setting V/f voltage (7) 0.0 0.0 0.0

B120 Brake Control Enable 00 00 00

B121 Brake Wait Time for Release 0.00 0.00 0.00

B122 Brake Wait Time for Acceleration 0.00 0.00 0.00

B123 Brake Wait Time for Stopping 0.00 0.00 0.00

B124 Brake Wait Time for Confirmation 0.00 0.00 0.00

B125 Brake Release Frequency Setting 0.00 0.00 0.00

“B” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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Intelligent 
Terminal 
Functions

B126 Brake Release Current Setting Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

“B” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

“C” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

C001 Terminal [1] function 18 18 18

C002 Terminal [2] function 16 16 16

C003 Terminal [3] function 06 06 06

C004 Terminal [4] function 11 11 11

C005 Terminal [5] function 09 09 09

C006 Terminal [6] function 03 13 03

C007 Terminal [7] function 02 02 02

C008 Terminal [8] function 01 01 01

C011 Terminal [1] active state 00 00 00

C012 Terminal [2] active state 00 00 00

C013 Terminal [3] active state 00 00 00

C014 Terminal [4] active state 00 00 00

C015 Terminal [5] active state 00 00 00

C016 Terminal [6] active state 00 01 00

C017 Terminal (7) active state 00 00 00

C018 Terminal [8] active state 00 00 00

C019 Terminal [FW] active state 00 00 00

C021 Terminal [11] function 01 01 01

C022 Terminal [12] function 00 00 00

C023 Terminal [13] function 03 03 03

C024 Terminal [14] function 07 07 07

C025 Terminal [15] function 08 08 08

C026 Alarm relay terminal function 05 05 05

C027 [FM] signal selection 00 00 00

C028 [AM] signal selection 00 00 00

C029 [AMI] signal selection 00 00 00
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C031 Terminal [11] active state 00 00 00

C032 Terminal [12] active state 00 00 00

C033 Terminal [13] active state 00 00 00

C034 Terminal [14] active state 00 00 00

C035 Terminal [15] active state 00 00 00

C036 Alarm relay active  state 01 01 01

C040 Overload signal output mode 01 01 01

C041 Overload level setting Rated current 
for each 
inverter

Rated current 
for each 
inverter

Rated current 
for each 
inverter

C042 Frequency arrival setting for accel. 0.00 0.00 0.00

C043 Arrival frequency setting for decel. 0.00 0.00 0.00

C044 PID deviation level setting 3.0 3.0 3.0

C045 Frequency arrival setting for
acceleration (2)

0.00 0.00 0.00

C046 Frequency arrival setting for
deceleration (2)

0.00 0.00 0.00

C055 Over-torque (forward-driving) level 
setting

100. 100. 100.

C056 Over-torque (reverse regenerating) 
level setting

100. 100. 100.

C057 Over-torque (reverse driving) level 
setting

100. 100. 100.

C058 Over-torque (forward regenerating) 
level setting

100. 100. 100.

C061 Electronic thermal warning level 
setting

80. 80. 80.

C062 Alarm code output 00 00 00

C063 Zero speed detection level 0.00 0.00 0.00

C070 Data command method 02 02 02

C071 Communication speed selection 04 04 04

C072 Node allocation 1. 1. 1.

C073 Communication data length selec-
tion

7 7 7

C074 Communication parity selection 00 00 00

C075 Communication stop bit selection 1 1 1

C078 Communication wait time 0. 0. 0.

C081 [O] input span calibration Factory set Factory set Factory set

“C” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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C082 [OI] input span calibration Factory set Factory set Factory set

C083 [O2] input span calibration Factory set Factory set Factory set

C085 Thermistor input tuning 105.0 105.0 105.0

C086 [AM] terminal offset tuning 0.0 0.0 0.0

C087 [AMI] terminal meter tuning 80. 80. 80.

C088 [AMI] terminal offset tuning Factory set Factory set Factory set

C091 Debug mode enable 00 00 00 Do not 
edit

C101 Up/Down memory mode selection 00 00 00

C102 Reset mode selection 00 00 00

C103 Restart mode after reset 00 00 00

C111 Overload setting (2) Rated current 
for each 

inverter model

Rated current 
for each 

inverter model

Rated current 
for each 

inverter model

C121 [O] input zero calibration Factory set Factory set Factory set

C122 [OI] input zero calibration Factory set Factory set Factory set

C123 [O2] input zero calibration Factory set Factory set Factory set

“C” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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Motor Constants 
Functions

“H” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

H001 Auto-tuning Setting 00 00 00

H002 Motor data selection, 1st motor 00 00 00

H202 Motor data selection, 2nd motor 00 00 00

H003 Motor capacity, 1st motor Factory set Factory set Factory set

H203 Motor capacity, 2nd setting Factory set Factory set Factory set

H004 Motor poles setting, 1st motor 4 4 4

H204 Motor poles setting, 2nd motor 4 4 4

H005 Motor speed constant, 1st motor 1.590 1.590 1.590

H205 Motor speed constant, 2nd motor 1.590 1.590 1.590

H006 Motor stabilization constant, 1st 
motor

100. 100. 100.

H206 Motor stabilization constant, 2nd 
motor

100. 100. 100.

H306 Motor stabilization constant, 3rd 
motor

100. 100. 100.

H20 Motor constant R1, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H220 Motor constant R1, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H021 Motor constant R2, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H221 Motor constant R2, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H022 Motor constant L, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H222 Motor constant L, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H023 Motor constant Io According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H223 Motor constant Io, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H024 Motor Constant J According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H224 Motor constant J, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H030 Auto constant R1, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H230 Auto constant R1, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating
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C–14

H031 Auto constant R2, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H231 Auto constant R2, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H032 Auto constant L, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H232 Auto constant L, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H033 Auto constant Io, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H233 Auto constant Io, 2nd motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H034 Auto constant J, 1st motor According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H234 Auto constant J,
2nd motor

According to 
inverter rating

According to 
inverter rating

According to 
inverter rating

H050 PI proportional gain for 1st motor 100.0 100.0 100.0

H250 PI proportional gain for 2nd motor 100.0 100.0 100.0

H051 PI integral gain for 1st motor 100.0 100.0 100.0

H251 PI integral gain for 2nd motor 100.0 100.0 100.0

H052 P proportional gain setting for 1st 
motor

1.00 1.00 1.00

H252 P proportional gain setting for 2nd 
motor

1.00 1.00 1.00

H060 Zero LV limit for 1st motor 100. 100. 100.

H260 Zero LV limit for 2nd motor 100. 100. 100.

H070 Terminal selection PI proportional 
gain setting

100.0 100.0 100.0

H071 Terminal selection PI integral gain 
setting

100.0 100.0 100.0

H072 Terminal selection P proportional 
gain setting

1.00 1.00 1.00

“H” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)
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SJ300 Inverter

A
ppendix C

C–15

Expansion Card 
Functions

“P” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

P001 Operation mode on expansion card 1 
error

00 00 00

P002 Operation mode on expansion card 2 
error

00 00 00

P010 Feedback option enable 00 00 00

P011 Encoder pulse-per-revolution (PPR) 
setting

1024 1024 1024

P012 Control pulse setting 00 00 00

P013 Pulse line mode setting 00 00 00

P014 Home search stop position setting 0. 0. 0.

P015 Home search speed setting 5.00 5.00 5.00

P016 Home search direction setting 00 00 00

P017 Home search completion range 
setting

5 5 5

P018 Home search completion delay time 
setting

0.00 0.00 0.00

P019 Electronic gear set position selection 00 00 00

P020 Electronic gear ratio numerator 
setting

1. 1. 1.

P021 Electronic gear ratio denominator 
setting

1. 1. 1.

P022 Feed-forward gain setting 0.00 0.00 0.00

P023 Position loop gain setting 0.50 0.50 0.50

P025 Temperature compensation 
thermistor enable

00 00 00

P026 Over-speed error detection level 
setting

135.0 135.0 135.0

P027 Speed deviation error detection level 
setting

7.50 7.50 7.50

P031 Accel/decel time input selection 00 00 00

P032 Positioning command input selec-
tion

00 00 00

P044 DeviceNet comm watchdog timer 01 01 01

P045 Inverter action on DeviceNet comm 
error

21 21 21

P046 DeviceNet polled I/O: Output 
instance number

71 71 71
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C–16

User-selectable 
Menu Functions

P047 DeviceNet polled I/O: Input instance 
number

01 01 01

P048 Inverter action on DeviceNet idle 
mode 

0 0 0

P049 Motor poles setting for RPM 01 01 01

“P” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

“P” Group Parameters Default Setting
User 

SettingFunc. 
Code Name -FE (Europe) -FU (USA) -FR (Japan)

U001

User-selected function...
“no” = disabled, or use any of the 

functions D001 to P049

no no no

U002 no no no

U003 no no no

U004 no no no

U005 no no no

U006 no no no

U007 no no no

U008 no no no

U009 no no no

U010 no no no

U011 no no no

U012 no no no
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CE–EMC 
Installation 
Guidelines
In This Appendix.... page

— CE–EMC Installation Guidelines.......................................................  2
— Hitachi EMC Recommendations .......................................................  4
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CE–EMC Installation Guidelines
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D–2

CE–EMC Installation Guidelines
You are required to satisfy the EMC directive (89/336/EEC) when using an SJ300 inverter in an 
EU country. To satisfy the EMC directive and to comply with standard, follow the guidelines in 
this section.

1. As user you must ensure that the HF (high frequency) impedance between adjustable 
frequency inverter, filter, and ground is as small as possible.

• Ensure that the connections are metallic and have the largest possible contact areas (zinc-
plated mounting plates).

2. Avoid conductor loops that act like antennas, especially loops that encompass large 
areas.

• Avoid unnecessary conductor loops.

• Avoid parallel arrangement of low-level signal wiring and power-carrying or noise-prone
conductors.

3. Use shielded wiring for the motor cable and all analog and digital control lines.

• Allow the effective shield area of these lines to remain as large as possible; i.e., do not 
strip away the shield (screen) further away from the cable end than absolutely necessary.

• With integrated systems (for example, when the adjustable frequency inverter is commu-
nicating with some type of supervisory controller or host computer in the same control 
cabinet and they are connected at the same PE-potential), connect the shields of the 
control lines to ground + PE (protective earth) at both ends. With distributed systems (for 
example the communicating supervisory controller or host computer is not in the same 
control cabinet and there is a distance between the systems), we recommend connecting 
the shield of the control lines only at the end connecting to the adjustable frequency 
inverter. If possible, route the other end of the control lines directly to the cable entry 
section of the supervisory controller or host computer. The shield conductor of the motor 
cables always must connected to PE at both ends.

• To achieve a large area contact between shield and PE-potential, use a PG screw with a 
metallic shell, or use a metallic mounting clip.

• Use only cable with braided, tinned copper mesh shield (type “CY”) with 85% coverage.

• The shielding continuity should not be broken at any point in the cable. If the use of 
reactors, contactors, terminals, or safety switches in the motor output is necessary, the 
unshielded section should be kept as short as possible.

• Some motors have a rubber gasket between terminal box and motor housing. Very often, 
the terminal boxes, and particularly the threads for the metal PG screw connections, are 
painted. Make sure there is always a good metallic connection between the shielding of 
the motor cable, the metal PG screw connection, the terminal box, and the motor 
housing. If necessary, carefully remove paint between conducting surfaces.

4. Take measures to minimize interference that is frequently coupled in through
installation cables.

• Separate interfering cables with 0.25m minimum from cables susceptible to interference. 
A particularly critical point is laying parallel cables over longer distances. If two cables 
intersect (one crosses over the other), the interference is smallest if they intersect at an 
angle of 90°. Cables susceptible to interference should therefore only intersect motor 
cables, intermediate circuit cables, or the wiring of a rheostat at right angles and never be 
laid parallel to them over longer distances.

5. Minimize the distance between an interference source and an interference sink (inter-
ference-threatened device), thereby decreasing the effect of the emitted interference on 
the interference sink.

• You should use only interference-free devices and maintain a minimum distance of 
0.25 m from the adjustable frequency inverter.
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SJ300 Inverter

A
ppendix D

D–3

6. Follow safety measures in the filter installation.

• Ensure that the protective earth terminal (PE) of the filter is properly connected to the PE 
terminal of the adjustable frequency inverter. An HF ground connection via metal 
contact between the housings of the filter and the adjustable frequency inverter, or solely 
via cable shield, is not permitted as a protective conductor connection. The filter must be 
solidly and permanently connected with the ground potential so as to preclude the danger 
of electric shock upon touching the filter if a fault occurs.

To achieve a protective ground connection for the filter:

• Ground the filter with a conductor of at least 10 mm2 cross-sectional area.

• Connect a second grounding conductor, using a separate grounding terminal parallel to 
the protective conductor. (The cross section of each single protective conductor terminal 
must be sized for the required nominal load.)

PEL1 L2L3

SJ300 inverter with footprint-type filter SJ300 inverter with book-type filter

PEL1 L2L3 M
3~

M
3~
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Hitachi EMC Recommendations
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Hitachi EMC Recommendations

WARNING: This equipment should be installed, adjusted, and serviced by qualified personal 
familiar with construction and operation of the equipment and the hazards involved. Failure to 
observe this precaution could result in bodily injury.

Use the following checklist to ensure the inverter is within proper operating ranges and
conditions.

1. The power supply to SJ300 inverters must meet these specifications:

• Voltage fluctuation+/- 10% or less

• Voltage imbalance +/- 3% or less

• Frequency variation +/- 4% or less

• Voltage distortion THD = 10% or less

2. Installation measure:

• Use a filter designed for SJ300 inverter.

3. Wiring:

• Shielded wire (screened cable) is required for motor wiring, and the length must be less 
than 50 meters.

• The carrier frequency setting must be less than 5 kHz to satisfy EMC requirements.

• Separate the power input and motor wiring from the signal/process circuit wiring.

4. Environmental conditions—when using a filter, follow these guidelines:

• Ambient temperature: –10 to 40 °C

• Humidity: 20 to 90% RH (non-condensing)

• Vibration: 5.9 m/sec2 (0.6 G) 10 ~ 55Hz, SJ300–004xxx to SJ300–220xxx
2.94 m/sec2 (0.3 G) 10 ~ 55Hz, SJ300–300xxx to SJ300–1500xxx

• Location: 1000 meters or less altitude, indoors (no corrosive gas or dust)
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Index

A
A Group functions  3–9
AC reactors  5–3
Acceleration  1–15, 3–8

characteristic curves  3–26
second function  3–24
two-stage  4–19

Acceleration stop function  3–21
Access levels  3–5, 3–36, 4–25
Access to terminals  2–2
Accessories  5–2
Adaptive auto-tuning  4–69
Alarm signal  4–48
Algorithms  3–62
Algorithms, torque control  3–5
Ambient temperature  2–7, A–2
Analog input settings  3–11, 3–28
Analog inputs

current/voltage select  4–26
operation  4–59
sampling filter  4–59
wiring examples  4–61

Analog outputs
FM type  4–63
operation  4–62
PWM type  4–62

Analog signal calibration  3–60
Anti-windmilling  3–18, 3–21
Arrival frequency  A–2
ASCII code table  B–18
Automatic restart  3–29
Automatic voltage regulation  3–23
Auto-tuning  4–67, A–2

adaptive  4–69
procedure  4–68

Auto-tuning constants  3–62
AVR  3–23

B
B Group functions  3–29
Base frequency  2–26, A–2
Bibliography  A–6
Block check code  B–18
Brake control, external  3–46, 4–39, 4–58
Braking  1–15

dynamic  5–6
Braking resistor  2–5, A–2
Braking resistor selection  5–7, 5–9
Braking unit  2–5
Braking unit selection  5–8
Braking, dynamic  1–18
Break-away torque  A–2

C
C Group functions  3–47
Capacitor life curve  6–12
Capacitor replacement  6–13
Carrier frequency  3–41, A–2
Catching a spinning motor  3–43, 3–61
CE approval  A–2
CE-EMC guidelines  D–2
Chassis ground connection  2–20
Choke  2–5, A–2
Choke, DC link  5–4
Chopper frequency  3–41
Clearance  2–7
Coasting  3–43, 3–61
Commercial power source switching  4–23
Communications  3–59
Communications protocol  B–5
Communications, serial  B–2
Constant torque  3–14
Constant volts/hertz operation  1–13
Control algorithms  3–14
Control gain switching  4–31
Controlled deceleration  3–40
Controlled deceleration at power loss  4–4
Cooling fan control  3–44
Copy Unit  1–3
Current overload  3–34
Current overload restriction  4–35
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Index–2

D
D Group parameters  3–6
DC braking  4–16, 4–17, A–2

derating  3–19
settings  3–18

DC link  A–2
choke  5–4

Deadband  A–2
Deceleration  1–15, 3–8, 4–16

characteristic curves  3–26
second function  3–24
two-stage  4–19

Default parameter values  C–2
Default settings

restoring  6–9
Derating

DC braking  3–19
Derating curves  1–11
Derivative gain  3–22
DeviceNet  5–5
Digital operator  2–23, 3–3

force operation  4–34
removal  2–4

Digital operator panel  A–2
Digital operators  1–3
Dimensions

inverter  2–8
terminals  2–16

Diode  A–3
Display restriction  3–37
Droop control  4–32
Duty cycle  A–3
Dynamic braking  5–6, A–3

usage ratio  3–44, 5–6

E
Editing parameters  2–23, 2–26

in Run Mode  3–5, 3–36, 4–25
Electromagnetic compatibility  D–2
Electronic thermal overload  3–30
Elevator braking  3–46
EMC installation guidelines  D–2
EMC installation recommendations  D–4
EMI  A–3
EMI filter  5–4
Encoder feedback  3–16
Energy savings mode  3–23
Error

PID loop  4–47, A–3
Error codes

programming  3–68
trip events  6–5

Event clearing  4–27

Expansion bay  2–4
Expansion card functions  3–65
Expansion cards

digital input  5–5
encoder feedback  5–5
input signals  4–41
output signals  4–58

External brake control  4–39, 4–58
External trip  4–21

F
F Group functions  3–8
Factory settings, restoring  6–9
Fan default setting  3–44
Fan outlet  2–7, 2–20
Fan replacement  6–14
Fan unit, Filler plate  1–4
FAQ  1–17
Features  1–2, 2–2
Ferrite core  5–4
Filters

noise suppression  5–2
Fine-tuning functions  3–29
Force operation from digital operator  4–34
Forward run command  4–12
Four-quadrant operation  A–3
Free-run stop  3–43, 3–61, 4–16, 4–20, A–3
Frequency arrival signals  4–44
Frequency matching  3–43, 3–61
Frequency setting  A–3
Frequency-related functions  3–20
Frequently asked questions  1–17
Functions  1–15
Fuse ratings  2–14
Fuzzy logic accel/decel  3–23

G
Gain settings  4–31
Glossary of terms  A–2
Grommets  2–13

H
H Group parameters  3–62
Harmonics  A–3
History of trip events  3–7
Home search  A–4
Horsepower  A–3
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SJ300 Inverter
Index–3

I
IGBT  1–13, A–3

test method  6–17
Index of terminal functions  4–10
Inertia  A–3
Initialization  6–9
Input active range  3–28
Input circuits  4–11
Input terminals  2–18
Inspection

electrical measurements  6–15
IGBT test method  6–17
measurement techniques  6–16
procedures  6–10
unpacking  2–2

Installation  2–6
Instantaneous power failure  4–51
Insulation test  6–11
Integral gain  3–22
Intelligent input terminals  3–47, 4–11
Intelligent input wiring examples  4–11
Intelligent output terminals  3–53, 4–42
Intelligent terminal functions  3–47
Intelligent terminal index  4–10
Intelligent terminals  A–3
Inverter  1–17
Inverter definition  A–3
Inverter specifications  1–6
Isolation transformer  A–4

J
Jog command  4–16
Jog frequency settings  3–13
Jogging operation  A–4
Jump frequency  3–20, A–4

K
Keypad

features  2–23, 3–3
navigation  2–25, 3–4
navigation, trip events  6–8

Keypad features  2–23
Keypads  1–3, 3–2

L
LEDs  2–23, 3–3
Line reactor  A–4
Linear accel/decel  3–26
Logic connector  4–9
Logic terminals  3–47, 3–53

input wiring examples  4–11

M
Main profile parameters  3–8
Maintenance procedures  6–10
Megger test  6–11
Model number convention  1–5
Momentum  A–4
Monitor mode  2–25, 2–29, 2–30, 3–4
Monitoring functions  3–6
Motor constants  3–62, 4–65

auto-tuning  4–67
manual setting of  4–70

Motor load  A–4
Motor poles  2–28
Motor selection  1–18
Motor wiring  2–20
Mounting location  2–6
Multiple motors

configuration  4–72
Multi-speed operation  4–13, A–4
Multi-speed profiles  1–15
Multi-speed settings  3–13

N
Nameplate  1–5
Navigational map  2–25, 3–4

trip events  6–8
NEC  A–4
NEMA  A–4
NEMA compliance  2–13
NEMA rating  2–7
Noise filters  5–2

AC reactor  2–5
Noise suppression  1–18

O
Open-collector outputs  4–42, A–4
Operational modes  3–5
Operator interfaces  1–3
Optimal accel/decel  3–23
Optional components  2–5
Options  1–2
Orientation  A–4
Output circuits  4–42
Output deviation for PID control  4–47
Output frequency  3–8
Output overload  3–34
Output terminals  2–20
Over-current trip  3–29
Overload advance notice signal  4–46
Overload restriction  3–34, 4–35
Over-torque signal  4–50
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Index–4

P
P Group functions  3–65
P/PI selection  4–31
Parameter editing  2–23, 2–26
Parameter settings tables  C–2
Parameters  1–15
Phase loss  3–29
PID loop  1–18, A–4

clearing  4–30
error  A–3
ON/OFF  4–30
operation  4–71
output deviation  4–47
process variable  A–4
setpoint  A–5
settings  3–22

PLC, connecting to  4–7
Poles  1–18
Poles of motor  2–28
Potentiometer  2–27, 4–61
Power factor  A–4
Power failure  4–51
Power failure response  3–29
Power loss  4–4
Power loss response  3–40
Power source switching  4–23
Power-on time over signal  4–54
Powerup test  2–21

observations  2–30
Powerup, unattended start  4–22
Process variable  A–4
Program mode  2–25, 2–30, 3–4
Programming device  3–2
Programming error codes  3–68
Programming error monitoring  3–7
Proportional gain  3–22
Pulse-width modulation  4–62
PWM  A–4

R
Ratings label  1–5
Reactance  A–5
Read/write copy unit  1–3, 3–2
Rectifier  A–5
Reduced torque  3–14
Regenerative braking  A–5
Regulation  A–5
Regulatory agency approvals  1–5
Relay alarm contacts  4–48
Remote control  4–33
Removable components  1–4

Reset function  4–27
Reset Mode  3–61
Restart Mode  3–43, 3–61
Retention screws  2–4
Reverse run command  4–12
Reverse torque  A–5
Reverse U-shape accel/decel  3–26
Rotor  A–5
Run command  4–12
Run mode  2–30, 3–5
Run signal  4–43
Running the motor  2–29
Run-time edits  3–5, 3–36, 4–25
Run-time signal  4–54

S
Safety messages  i
Saturation voltage  A–5
Second motor  4–18
Sensorless vector control  3–14, 3–16, A–5
Serial communications  3–59, B–2
Serial communications protocol  B–5
Set 2nd/3rd motors  4–18
Setpoint  A–5
Sigmoid accel/decel  3–26
Single-phase power  A–5
Sinking I/O  4–7
Slip  A–5
Software lock  3–5, 3–36, 4–25
Sourcing I/O  4–7
Spare parts  6–12
Specifications

derating curves  1–11
general  1–9
logic signals  4–9

Speed control  1–13, 1–15, 4–13
Speed loop gains  4–31
Speed pot  2–27
Squirrel cage  A–5
Standard functions  3–9
Start frequency  A–5
Stator  A–5
Stop command  4–12
Stop Mode  3–43
Supply wiring  2–18
Switching frequency  3–41
Symbol definitions  i
System description  2–5
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SJ300 Inverter
Index–5

T
Tachometer  A–5
Technical support  1–xviii
Term definitions  A–2
Terminal block  1–4
Terminal listing  4–10
Thermal overload  3–30
Thermal protection  4–28
Thermal switch  A–6
Thermal warning  4–55
Thermistor  A–6
Thermistor input  4–28, 4–55
Third motor  4–18
Three-phase power  A–6

motor phase connections  1–14
Three-wire interface  4–29
Torque  1–13
Torque boost  3–16
Torque control algorithms  3–5, 3–14, 3–62

tuning  4–65
Torque limit  4–37
Torque limit signal  4–54
Torque specs, terminals  2–16
Torque, definition  A–6
Transistor  A–6
Trip events  3–7

clearing  6–5
definition  A–6
error codes  6–5
external  4–21
history  6–8
monitoring  6–5

Trip history  6–8
Trip mode  4–27
Troubleshooting tips  6–3
Two-stage accel/decel  4–19

U
U Group functions  3–67
UL instructions  xii
Unattended start protection  4–22
Under-voltage signal  4–51
Under-voltage trip  3–29
Unpacking  2–2
Up/Down functions  4–33
User-selectable menu functions  3–67
U-shape accel/decel  3–26

V
V/f control  3–14
V/f control setting  3–45
V/f free-setting  3–15
Variable torque  3–14
Variable-frequency drives

introduction  1–13
Velocity profile  1–15
Ventilation  2–7, 2–20

W
Warnings

operating procedures  4–3
Warranty  6–18
Watt loss  A–6
Windmilling  3–18, 3–21
Wiring

analog inputs  4–61
gauge  2–14
intelligent input wiring examples  4–11
logic  2–20
logic connector  4–9
output  2–20
power input  2–18
preparation  2–13
serial communications  B–3
system diagram  4–8

Z
Zero-phase reactor  5–4
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Important information

These operation instructions are to be read through completely and carefully heeded 
before starting the device. Failure to heed or adhere can result in claims on 
manufacturer’s liability becoming null and void for damages ensuing there from.

Manual action of any manner on the device – with the exception of proper procedures 
and those described in these operation instructions – lead to forfeit of guarantee and 
exclusion from liability.

The device is solely intended for the usage as described below. It is particularly not 
intended for the direct or indirect protection of persons.

holthausen elektronik GmbH assumes no liability whatsoever as regards suitability for 
some specific purpose.

If any question should remain open, please never hesitate to contact us.

holthausen elektronik GmbH
Wevelinghoven 38, 41334 Nettetal
Phone: +49 (0) 21 53 - 40 08, Fax: +49 (0) 21 53 - 8 99 94
Mail: info@holthausen-elektronik.de
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1. Generally basical safety-indications

Don’t use this device as the only invigilator, if a malfunctioning of ESW®-Compact could
lead to damages on goods or Persons.

To obtain the desired result be sure, that the device with its technical data fits to the 
bulk of the object you want to supervise.

The sensor is sensitive to shock. A downfall out lower height to a hard substratum can 
destroy the sensor.

The assembling place and the execution of the assembling of the sensor determine 
decisively the quality of the sensor signal. The assembling may only happen through 
qualified and instructed persons.

The electrical hook up is to be done by instructed persons. A mistake by the connection 
can entail to faulty functions, outfall or ruination of the sensor and electronics.

The ESW®-Compact should not be used on machines with a very energetic high-
frequency solid-borne. Through resonance apparitions in the sensor, the device can 
indicate a much too great or too small value.

Powerful noise sources for instance inverters, in direct closeness of the sensor, 
electronics or cabling, can result in faulty behaving of the apparatus.

Potential differences and balance currents in the mass guidance can result in faulty 
behaving too.

The connection cable is resistant against many but not every type of chemicals.
Through a damaged cable chemicals could get inside the unit and destroy the 
electronic. Then the unit would loose their function. 
Therefore the conditions from the mounting surrounding must be checked. Then the 
cover material from the cable have to be proofed if it resists these requirements. You 
can get an overview from the chemical resistance of the cover material from us.

2. Packing and the transport

Note:
 The sensor is sensitive to shock. A downfall out lower height to an hard

substratum can destroy the sensor.
 Avoid to kink or tie a knot in the cable.
 Keep the electronic in a dry place.
 In case of a downfall or heckling or squeezing, could the casing or the 

operation elements or the board get defects.

With adequate warning-labels and through a qualified packaging and storage, you can 
protect the sensor and electronics at carriage against influences from outside.
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3. Application

The ESW®-Compact will be installed on machines like ventilators, blasts, separators or 
decanters in order to protect these machines in the application against inadmissible 
mechanical vibration. The unit monitor continuously the intensity of vibration and warn 
reliably during exceeding of, inside the unit, adjusted limit values.

4. Measurement principle

The mechanical vibrations are measured with a piezoelectric acceleration transducer. 
The electronic circuit transforms the acceleration signal into a velocity signal (mm/s), 
which is evaluated. The measured range is adjusted by DIP-switches inside the unit.

The measured value is compared with two adjustable limiting values G1 and G2, which 
could be adjusted in range of 10% to 100% with two potentiometers inside the unit. At 
the analog output the limit values of G1 and G2 can be adjusted when setting of the 
DIP-switches corresponds to the prove position. If the measured values G2 exceed the 
critical limit, alarm relay K2 will be activated after e.g. 5 seconds delay time. If limit 
value G1 is exceeded for more than e.g. 10 seconds, alarm relay K1 will be activated. If 
measured value falls below the limit value, alarm will be cancelled *).

At the analog output is the measurement value proportional to the fitted measurement 
range available, by voting 0 to 20mA or 4 to 20mA.
The unit includes a self-test feature with them all electronic components inside the unit 
could be tested. Father more exist also the possibility, for testing purpose to supply one 
test signal in to the measurement electronic.

*) Additional supply with alarm memory. After the activation of the alarm relay K1 (or on 
customer request K2) the unit will remain in the alarm status until an external and 
manually reset will be activated. This feature is used in such cases, where the vibration 
control unit is mounted on unreviewable and difficult accessible places. Through this 
advanced memory function is every alarm registered. Because of variable mounting of 
one or more parallel connected reset buttons, it is possible to reset the alarm memory 
from any place or location.
The reset occurs by connection of the external reset contact (violet wire) to ground.
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5. Grounding concept

If an isolated installation is not specially requested, usually through the attachment with 
screws each case is connected to the local machine ground.

Inside the ESW®-Compact unit, dependent on customer request the cable shield and / 
or the signal ground to the case potential could be connected by the factory.

 Connection to the local ground

The Standard delivery condition for ESW®-Compact is that, shielding of the connection 
cable is not connected to the case of the unit.

 Connection is not implemented to the local ground 

Inside the optional plug box, the cable shielding, the box ground and the signal ground 
could be connected by choice and dependent on local circumstances and 
requirements.
In big facilities with considerable energy consumption and distances between the 
machines could such big potential difference be build up, that substantial balancing 
current on the ground network will occur. Dependent on intensity of such currents is 
arising of interference’s or damaging of the unit the result!
Potential differences could also arise on machines, with small distances not clear 
crossing of ground potential for example painted color or movable parts like suspension 
mounting.

Energetic high frequency interference energy could be added to the measurement 
signal-wire by inductivity or trough capacity that could change the real existing 
measurement value! In this way, for example parallel going elements could act as 
coupling-capacitor and winded up grounding cable could act like a cut off choke.

Memorize: Ground is not equal everywhere!

Check the situation Plan the grounding concept Select the facility / realization

local
connection box ground

optional
connection box

vibration control unit ground

local
vibration control unit ground

signal ground

vibration
control unit shield

-Ub

connection box ground

signal ground

main control
box ground

local
main control box ground

shield

main control box
with power supply

+Ub
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6. Mounting of the vibration control unit

Attention: Whole mounting-, connecting- and adjustment-work
should be done only from qualified personal!

Protect the ESW®-Compact definitely against drop, stroke
and other mechanical shock!

ø 75,0

M8

18,0

Surface

ESW-Compact

with LOCTITE protection
Screw locked M8x25

0,03   A

max. top hole

11,0
A

The ESW®-Compact unit is fastened with means of a screw set AM 8x25 correspond to 
DIN 913 to the monitored machine. 

Important

1. Measuring axis has to be coinciding with vibration excitation axis (see housing size
page 14).

2. Take note of the label with instruction notes.
3. The surface has to be plain, clean and free of paint and rust.
4. The tap hole has to be perpendicular to the surface and free of metal-cuttings or 

other foreign material. Further more the tap hole and the screw have to be free of 
paint, rust, grease or other isolating components.

5. The grub screw has to be locked with liquid thread protection against unintended 
loosening.

6. The unit has to be fixed, tight on the surface.
7. The user has to fasten the connection cable near the cable insertion in a radius of 

app. 20cm. This attachment has to be done so that the cable is not dejected and 
damaged.

8. Please follow absolutely the advices for opening and closing the unit.
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7. Opening and closing of the vibration control unit

Before opening the vibration control unit, switch the power supply off. For opening you 
will need a forehead key for two bore with size of 4mm.

After adjustment of the unit, please control the position of the DIP-switches.
Before closing the unit the O-Ring must be examine. You have to insert a new O-Ring
(62 x 2mm, NBR 70 – original spare part) if the old one is brittle, deformed, damaged or 
already a few month in use.

Please pay attention that thread and the interior room is oil and dirty free. Cleaning 
around and inside of the unit should only be done with clean and dry clothe.

8. Maintenance

The ESW®-Compact is maintenance free! Cleaning of the sight glass with aggressive 
scouring powder of any kind should be avoided.

If it is necessary in the future, after setting the unit into operation, to reset or check the 
sensor, the O-ring is to be replaced before mounting the cover.

The fuse F1 is soldered fixed and should exclusively be replaced by qualified personal.
For replacement is a SMD-fuse, type OMF (63V,1A) required.

Tools for case cover opening: Adjustable forehead key for two bore nut size 4mm

Factory: H. Sartorius Nachf. GmbH & Co phone  +49 (0) 21 02 / 44 00 - 0
fax       +49 (0) 21 02 / 44 00 - 24
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9. Operating and setting instructions

The display and operating elements will be accessible after unscrewing the cover of the 
ESW® Compact unit.

Display elements

LD2 yellow LED Self test “active“
LD1 green LED Operating voltage “on “
LD3 red LED Limit value G1 exceeded for

more than the rise time, K1 
has switched

Operating elements

P1 Potentiometer for setting limiting value G1 10 to 100%
P2 Potentiometer for setting limiting value G2 10 to 100%

S1 Range 0 to 10mm/s ON/OFF
S2 Range 0 to 20mm/s ON/OFF
S3 Range 0 to 50mm/s ON/OFF
S4 Analog output 0 to 20mA ON

4 to 20mA OFF
S5 Analog output corresponds to measured value ON/OFF
S6 Analog output corresponds to limiting value G1 ON/OFF
S7 Analog output corresponds to limiting value G2 ON/OFF
S8 Self test activated ON/OFF

ESW -Compact

S6
off

on
S2S1 S3 S5S4

SN:

LD2 LD1

R

P2

P1

S7 S8

LD3
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Setting instructions

After applying the voltage supply 
the green  LED LD1 must light up. The 
yellow and the red LED should remain 
dark. The relays are switching in there 
normal position.

10. Measurement range switching

The unit has three measurement ranges, which can be selected by the switches S1, S2 
and S3. For a proper operation of the unit, only one switch has to be in position “ON”, 
the both other switches should remain in position  “OFF“.

Range Switch Position

S1 S2 S3
10mm/s ON OFF OFF
20mm/s OFF ON OFF
50mm/s OFF OFF ON

11. Analog output

As the output value will be submitted constant current, by voting 0 to 20mA or 
4 to 20mA. The selection occurs by switching over of switch S4.
An output current of 20mA meets the 100%-value of the selected measurement range. 
In the setting of 0 to 20mA is the valid relation 0.2mA per %, in the setting of 4 to 20mA
is the valid relation 4mA + (0.16mA per %).

Output range Switch position

S4
0 to 20mA ON
4 to 20mA OFF

ESW -Compact

S6
off

on
S2S1 S3 S5S4

SN:

LD2 LD1

R

P2

P1

S7 S8

LD3
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12. Analog output settings

The 0 to 20mA output can be used for displaying of several values on the analog 
output. With the standard setting the output current corresponds to the measured 
signal.

For example, an analog current value of 20mA corresponds to a measured vibration 
velocity that has reached 100% of the measuring range set.

Important By switching over the Dipswitches, the analog output can be used for 
setting or reading of the limit values G1 and G2. 

The limit value adjustment means a current of 20mA, so that the switch level close to 
100% of the adjusted measurement range.

Output Variable Switch Position

S5 S6 S7
Vibration velocity ON OFF OFF
Limiting value G1 OFF ON OFF
Limiting value G2 OFF OFF ON

13. Adjustment of the limiting values

If the measuring signal exceeds certain limiting values, the ESW®-Compact shall react 
by switching potential-free relay contacts. These limit values can be set inside the unit 
by potentiometers. The limit values can be set between 10% and 100% of the selected 
measuring range.

The limit value G1 will be adjusted with potentiometer P1. Exceeded the value of G1 for 
longer as 10s, then K1 is switched. The limit value G2 will be adjusted with 
potentiometer P2. If limit of G2 will be longer than 5s exceeded, then K2 is switched.
Rest the measured value just from time to time over the limit value, so counts the 
activation delay time after each overstepping of the limit value once more.

When the analog output of the limiting value setting is switched over, the output current 
related to 20mA will correspond to the setting of the limiting value related to 100% of 
the measuring range. If, e.g. G1 has to be set to 15mm/s = 30% in the measuring 
range of 50mm/s, the output range will be first set to 0 to 20mA via S4 and the output 
variable to limit value G1 via S5=OFF, S6=ON and S7=OFF. After that, a current 
output of 6mA (= 30% of 20mA) has to be adjusted by potentiometer P1. 
A current of 8.8mA (= 4mA + 30% of 16mA) should be set in the output range 4 to 
20mA. The difference between 4 and 20 is 16 30% of 16mA + 4mA = 8.8mA

After setting the limiting values, please pay attention that S5 will be brought to position 
“ON“ and S6, S7 to position “OFF“ to activate the function of the analog output as a 
measuring output.

ESW -Compact

S6S1
off

on
S2 S3 S5S4

SN:

R

LD2 LD1

P1

S7 S8 P2

LD3
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14. Example to adjust the limit value
Example 1: Analog output 0 to 20mA (mean 0.2mA per %)

Adjust the limit value G1 to 22.5%, and the limit value G2 to 35%:

Measured range 20mm/s S1 OFF
S2 ON
S3 OFF

Analog output 0 to 20mA S4 ON

Balancing of the limit value G1 to 22.5% S5 OFF
S6 ON
S7 OFF

Set the output current to 4,5mA via P1 (22.5% of 20mA is 4.5mA)

Balancing of the limit value G2 to 35% S5 OFF
S6 OFF
S7 ON

Set the output current to 7mA via P2 (35% of 20mA is 7mA)

Measuring variable “vibration velocity“ S5 ON
S6 OFF
S7 OFF

Self test off S8 OFF

Example 2: Analog output 4 to 20mA (mean 0.16mA per %)

Adjust the limit value G1 to 45%, and the limit value G2 to 60%:

Measured range 20mm/s S1 OFF
S2 ON
S3 OFF

Analog output 4 to 20mA S4 OFF

Balancing of the limit value G1 to 45% S5 OFF
S6 ON
S7 OFF

Set the output current to 11.2mA via P1 (45% of 16mA is 7.2mA + 4mA) 

Balancing of the limit value G2 to 60% S5 OFF
S6 OFF
S7 ON

Set the output current to 13.6mA via P2 (60% of 16mA is 9.6mA + 4mA)

Measuring variable “vibration velocity“ S5 ON
S6 OFF
S7 OFF

Self test off S8 OFF
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15. Self test

A self-test circuit in the unit is integrated to check the ESW®-Compact for correct 
operation. The self-test function could be activated by switches inside the unit and is 
optically displayed by a yellow LED. After expiration of fixed delay time has K1 and K2 
to be switched, and the red LED “Alarm“ must light up. The analog output must give out 
a current of over 22mA. During the self-test function is the whole electronic 
incorporated, so that it’s possible to obtain a definite information about the function of 
the unit.

Function Switch position

S8
Self test on ON
Self test off OFF

Upon execution of the self-test function, it’s absolutely necessary to return the switch 
S8 to the position OFF in order to ensure the proper function of the ESW®-Compact.
The yellow LED must darken and current has to return to his normal value.
In case the yellow LED is lighting and a higher output current is flowing, without of 
activation of S8, than the electronic recognize one sensor defect and starts alarm, 
because the electronic is continuously monitoring the sensor.

ESW -Compact

S6S1
off

on
S2 S3 S5S4

SN:

R

LD2 LD1

P1

S7 S8 P2

LD3

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 727 of 2133



Electronic Vibration Monitoring Unit
ESW®-Compact (hol600)

14

holthausen 
elektronik GmbH    

69

94

70

23
max. 11mm top hole

20
ø4.2 x 5

M8

SW19

50

m
ea

su
rin

g 
ax

is
18

16. Housing size (mm)
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17. Cable connection draft

Version without external reset

Version including external reset

ESW® is a registered trademark of holthausen elektronik GmbH, Wevelinghoven 38, 41334 Nettetal

: see page 6 ´Grounding Concept´

Regulary here ends the cable shield in the housing and is isolated to the case.

The outlined contacts of the alarm-relays are in position: without supply voltage.
Under normal working conditions are the closer- and middle-contacts connented.

On request is the connection of the remaining contacts in a other way with
an other cable also possible.

closer contact K2
middle contact K2
opener contact K2

ESW®-Compact

+24V supply volt.

analog output

closer contact K1
middle contact K1
opener contact K1

ground

: middle contact K2brown

shield

: +24V supply voltage
: ground
: analog output
: closer contact K1
: middle contact K1
: closer contact K2white

green
yellow
grey
blue
pink

: see page 6 ´Grounding Concept´

Regulary here ends the cable shield in the housing and is isolated to the case.

The outlined contacts of the alarm-relays are in position: without supply voltage.
Under normal working conditions are the closer- and middle-contacts connected.

On request is the connection of the remaining contacts in a other way with
an other cable also possible.

closer contact K2
middle contact K2
opener contact K2

external reset

ESW®-Compact

+24V supply volt.

analog output

closer contact K1
middle contact K1
opener contact K1

ground

: middle contact K2brown
: external reset (activ by
  connection to ground)

violet

shield

: +24V supply voltage
: ground
: analog output
: closer contact K1
: middle contact K1
: closer contact K2

blue
grey
yellow
green
white

red

: not connectedblack
: not connectedorange
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Important information

These operation instructions are to be read through completely and carefully heeded 
before starting the device. Failure to heed or adhere can result in claims on 
manufacturer’s liability becoming null and void for damages ensuing there from.

Manual action of any manner on the device – with the exception of proper procedures 
and those described in these operation instructions – lead to forfeit of guarantee and 
exclusion from liability.

The device is solely intended for the usage as described below. It is particularly not 
intended for the direct or indirect protection of persons.

holthausen elektronik GmbH assumes no liability whatsoever as regards suitability for 
some specific purpose.

If any question should remain open, please never hesitate to contact us.

holthausen elektronik GmbH
Wevelinghoven 38, 41334 Nettetal
Phone: +49 (0) 21 53 - 40 08, Fax: +49 (0) 21 53 - 8 99 94
Mail: info@holthausen-elektronik.de
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1. Generally basical safety-indications

Don’t use this device as the only invigilator, if a malfunctioning of ESW®-Compact/Ex
could lead to damages on goods or Persons.

To obtain the desired result be sure, that the device with its technical data fits to the 
bulk of the object you want to supervise.

The sensor is sensitive to shock. A downfall out lower height to a hard substratum can 
destroy the sensor.

The assembling place and the execution of the assembling of the sensor determine 
decisively the quality of the sensor signal. The assembling may only happen through
qualified and instructed persons.

The electrical hook up is to be done by instructed persons. A mistake by the connection 
can entail to faulty functions, outfall or ruination of the sensor and electronics.

The ESW® should not be used on machines with a very energetic high-frequency solid-
borne. Through resonance apparitions in the sensor, the device can indicate a much 
too great or too small value.

Powerful noise sources for instance inverters, in direct closeness of the sensor, 
electronics or cabling, can result in faulty behaving of the apparatus.

Potential differences and balance currents in the mass guidance can result in faulty 
behaving too.

The connection cable is resistant against many but not every type of chemicals.
Through a damaged cable chemicals could get inside the unit and destroy the 
electronic. Then the unit would loose their function. 
Therefore the conditions from the mounting surrounding must be checked. Then the 
cover material from the cable have to be proofed if it resists these requirements. You 
can get an overview from the chemical resistance of the cover material from us.

2. Packing and the transport

Note:
 The sensor is sensitive to shock. A downfall out lower height to an hard

substratum can destroy the sensor.
 Avoid to kink or tie a knot in the cable.
 Keep the electronic in a dry place.
 In case of a downfall or heckling or squeezing, could the casing or the 

operation elements or the board get defects.

With adequate warning-labels and through a qualified packaging and storage, you can 
protect the sensor and electronics at carriage against influences from outside.
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3. Application

The ESW®-Compact/Ex unit will be installed on machines like ventilators, blasts, 
separators or decanters in order to protect these machines in the application against 
inadmissible mechanical vibration. The unit monitor continuously the intensity of 
vibration and warn reliably during exceeding of, inside the unit, adjusted limit values.

4. Measurement principle

The mechanical vibrations are measured with a piezoelectric acceleration transducer. 
The electronic circuit transforms the acceleration signal into a velocity signal (mm/s), 
which is evaluated. The measured range is adjusted by DIP-switches inside the unit.

The measured value is compared with two adjustable limiting values G1 and G2, which 
could be adjusted in range of 10% to 100% with two potentiometers inside the unit. At 
the analog output the limit values of G1 and G2 can be adjusted when setting of the 
DIP-switches corresponds to the prove position. If the measured values G2 exceed the 
critical limit, alarm relay K2 will be activated after e.g. 5 seconds delay time. If limit 
value G1 is exceeded for more than e.g. 10 seconds, alarm relay K1 will be activated. If 
measured value falls below the limit value, alarm will be cancelled *).

At the analog output is the measurement value proportional to the fitted measurement 
range available, by voting 0 to 20mA or 4 to 20mA.
The unit includes a self-test feature with them all electronic components inside the unit 
could be tested. Father more exist also the possibility, for testing purpose to supply one 
test signal in to the measurement electronic.

*) Additional supply with alarm memory. After the activation of the alarm relay K1 (or on 
customer request K2) the unit will remain in the alarm status until an external and 
manually reset will be activated. This feature is used in such cases, where the vibration 
control unit is mounted on unreviewable and difficult accessible places. Through this 
advanced memory function is every alarm registered. Because of variable mounting of 
one or more parallel connected reset buttons, it is possible to reset the alarm memory 
from any place or location.
The reset occurs by connection of the external reset contact (violet wire) to ground.

Attention: Pay attention on requirement by entrance in EEx-Zone
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5. Requirement for use of units in EEx-Zone 1 and Zone 21

Potential compensation

The housing of the measurement unit must be connected through the attachment with 
the potential compensation of the monitorial machine.
The user is responsible that the potential compensation follows the relevant VDE-
regulations and that the installation is made by a qualified employee.

Wire insertion and connection cable

Wire insertion and connection have to resist a minimum temperature of 90°C.

Connection cable

Attention: It is not allowed to transport the unit hanging on the connection cable.

The cable insertion is not protected against mechanical tension. The connection cable 
must be fastened near the cable insertion in a radius of app. 20cm. The cable should 
not be bend and damaged.

General

The installer and user is responsible to follow the EEx-rules, relevant in his application.
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6. Grounding concept

If an isolated installation is not specially requested, usually through the attachment with 
screws each case is connected to the local machine ground.

Inside the ESW®-Compact/Ex, dependent on customer request the cable shield and / 
or the signal ground to the case potential could be connected by the factory.

 Connection to the local ground

The Standard delivery condition for ESW®-Compact/Ex is that, shielding of the 
connection cable is not connected to the case of the unit.

 Connection is not implemented to the local ground 

Inside the optional plug box, the cable shielding, the box ground and the signal ground 
could be connected by choice and dependent on local circumstances and 
requirements.
In big facilities with considerable energy consumption and distances between the 
machines could such big potential difference be build up, that substantial balancing 
current on the ground network will occur. Dependent on intensity of such currents is 
arising of interference’s or damaging of the unit the result!
Potential differences could also arise on machines, with small distances not clear 
crossing of ground potential for example painted color or movable parts like suspension 
mounting.

Energetic high frequency interference energy could be added to the measurement 
signal-wire by inductivity or trough capacity that could change the real existing 
measurement value! In this way, for example parallel going elements could act as 
coupling-capacitor and winded up grounding cable could act like a cut off choke.

Memorize: Ground is not equal everywhere!

Check the situation Plan the grounding concept Select the facility / realization

local
connection box ground

optional
connection box

vibration control unit ground

local
vibration control unit ground

signal ground

vibration
control unit shield

-Ub

connection box ground

signal ground

main control
box ground

local
main control box ground

shield

main control box
with power supply

+Ub
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7. Mounting of the vibration control unit

- Whole mounting-, connecting- and adjustment-work should be done from 
qualified personal only!

- Protect the ESW®-Compact/Ex definitely against drop, stroke and other 
mechanical shock!

- The case of the unit must be connected over the attachment with the potential 
compensation of the monitorial machine. The connection must be extremely 
low resistive as well as for long time stable. Doing this, take urgent notice to 
the related VDE-regulations.

The ESW®-Compact/Ex will be mounted via one threaded pin AM10*25 per DIN 913 on 
the machine to be monitored.

Important

1. Measuring axis has to be coinciding with vibration excitation axis (see case drawing 
page 15).

2. Take note of the label with instruction notes.
3. The surface has to be plain, clean and free of paint and rust.
4. The tap hole has to be perpendicular to the surface and free of metal-cuttings or

other foreign material. Further more the tap hole and the screw have to be free of 
paint, rust, grease or other isolating components.

5. The grub screw has to be locked with liquid thread protection against unintended 
loosening.

6. The unit has to be fixed, tight on the surface.
7. The advises to „connection cable“ (page 6), as well as „Opening and closing of the 

vibration control unit “ (page 9) are absolutely to note.

ø 80,0

M10

18,0

Surface

ESW-Compact Ex

Screw locked M10x25
with LOCTITE protection

0,03   A

max. top hole

11,0
A
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8. Opening and closing of the vibration control unit

The user must switch off the power supply, before opening the measurement unit. To 
open the unit the user needs a 1,5mm type of wrench “inbus - key“ and a forehead key 
with two-bore nut, with size of 4mm. The case cover is ensured with a M3 screw. 
These must be loosened before opening of the case cover, with an “inbus - key”.
After adjustment of the unit, please control the position of the DIP-switches.
Before closing the unit the O-Ring must be examine. You have to insert a new O-Ring
(62 x 2mm, Viton – original spare part) if the old one is brittle, deformed, damaged or 
already a few month in use. 
Please pay attention that the thread and the interior room is oil- and dirt- free. Cleaning 
around and inside the unit should be done only with clean and dry cloth. The closing 
and the sealing of the unit is done after app. seven pitches of cover-nut thread, and 
ensured via the M3 screw.
“Loosen of the screw on the case bottom and opening of the bottom nut is not 
permitted.“

Advises for dismantling

Before dismantling the measurement unit, the power supply must be switched off. The 
connection cable has to be loosened from the supporting surface to avoid damaging of 
the cable. The vibration control unit should be set free via a 22mm wrench key.

9. Maintenance

The ESW®-Compact/Ex is maintenance free.

If it is necessary in the future, after setting the unit into operation, to reset or check the 
sensor, the O-ring is to be replaced before mounting the cover.

The fuse F1 is soldered fixed and should exclusively be replaced by qualified personal.
For replacement is a SMD-fuse, type OMF (63V,1A) required.

Tools for case cover opening: 1.5mm type of wrench (Inbus-key)
Adjustable forehead key for two bore nut size 4mm

Factory: H. Sartorius Nachf. GmbH & Co phone +49 (0) 21 02 / 44 00 - 0
fax +49 (0) 21 02 / 44 00 - 24
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10. Operating and setting instructions

The display and operating elements will be accessible after unscrewing the cover of the 
ESW® Compact/Ex.

Display elements

LD2 yellow LED Self test “active“
LD1 green LED Operating voltage “on “
LD3 red LED Limit value G1 exceeded for

more than the rise time, K1 
has switched

Operating elements

P1 Potentiometer for setting limiting value G1 10 to 100%
P2 Potentiometer for setting limiting value G2 10 to 100%

S1 Range 0 to 10mm/s ON/OFF
S2 Range 0 to 20mm/s ON/OFF
S3 Range 0 to 50mm/s ON/OFF
S4 Analog output 0 to 20mA ON

4 to 20mA OFF
S5 Analog output corresponds to measured value ON/OFF
S6 Analog output corresponds to limiting value G1 ON/OFF
S7 Analog output corresponds to limiting value G2 ON/OFF
S8 Self test activated ON/OFF

ESW -Compact

S6
off

on
S2S1 S3 S5S4

SN:

LD2 LD1

R

P2

P1

S7 S8

LD3
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Setting instructions

After applying the voltage supply 
the green  LED LD1 must light up. The 
yellow and the red LED should remain 
dark. The relays are switching in there 
normal position.

11. Measurement range switching

The unit has three measurement ranges, which can be selected by the switches S1, S2 
and S3. For a proper operation of the unit, only one switch has to be in position “ON”, 
the both other switches should remain in position  “OFF“.

Range Switch Position

S1 S2 S3
10mm/s ON OFF OFF
20mm/s OFF ON OFF
50mm/s OFF OFF ON

12. Analog output

As the output value will be submitted constant current, by voting 0 to 20mA or 
4 to 20mA. The selection occurs by switching over of switch S4.
An output current of 20mA meets the 100%-value of the selected measurement range. 
In the setting of 0 to 20mA is the valid relation 0.2mA per %, in the setting of 
4 to 20mA is the valid relation 4mA + (0.16mA pro %).

Output range Switch position

S4
0 to 20mA ON
4 to 20mA OFF

ESW -Compact

S6
off

on
S2S1 S3 S5S4

SN:

LD2 LD1

R

P2

P1

S7 S8

LD3
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13. Analog output settings

The 0 to 20mA output can be used for displaying of several values on the analog 
output. With the standard setting the output current corresponds to the measured 
signal.

For example, an analog current value of 20mA corresponds to a measured vibration 
velocity that has reached 100% of the measuring range set.

Important: By switching over the Dipswitches, the analog output can be used for 
setting or reading of the limit values G1 and G2. 

The limit value adjustment means a current of 20mA, so that the switch level close to 
100% of the adjusted measurement range.

Output Variable Switch Position

S5 S6 S7
Vibration velocity ON OFF OFF
Limiting value G1 OFF ON OFF
Limiting value G2 OFF OFF ON

14. Adjustment of the limiting values

If the measuring signal exceeds certain limiting values, the ESW®-Compact/Ex shall 
react by switching potential-free relay contacts. These limit values can be set inside the 
unit by potentiometers. The limit values can be set between 10% and 100% of the 
selected measuring range.

The limit value G1 will be adjusted with potentiometer P1. Exceeded the value of G1 for 
longer as 10s, then K1 is switched. The limit value G2 will be adjusted with
potentiometer P2. If limit of G2 will be longer than 5s exceeded, then K2 is switched.
Rest the measured value just from time to time over the limit value, so counts the 
activation delay time after each overstepping of the limit value once more.

When the analog output of the limiting value setting is switched over, the output current 
related to 20mA will correspond to the setting of the limiting value related to 100% of 
the measuring range. If, e.g. G1 has to be set to 15mm/s = 30% in the measuring 
range of 50mm/s, the output range will be first set to 0 to 20mA via S4 and the output 
variable to limit value G1 via S5=OFF, S6=ON and S7=OFF. After that, a current 
output of 6mA (= 30% of 20mA) has to be adjusted by potentiometer P1. 
A current of 8.8mA (= 4mA + 30% of 16mA) should be set in the output range 4 to 
20mA. The difference between 4 and 20 is 16 30% of 16mA + 4mA = 8.8mA

After setting the limiting values, please pay attention that S5 will be brought to position 
“ON“ and S6, S7 to position “OFF“ to activate the function of the analog output as a 
measuring output.

ESW -Compact

S6S1
off

on
S2 S3 S5S4

SN:

R

LD2 LD1

P1

S7 S8 P2

LD3
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15. Example to adjust the limit value
Example 1: Analog output 0 to 20mA (mean 0.2mA per %)

Adjust the limit value G1 to 22.5%, and the limit value G2 to 35%:

Measured range 20mm/s S1 OFF
S2 ON
S3 OFF

Analog output 0 to 20mA S4 ON

Balancing of the limit value G1 to 22.5% S5 OFF
S6 ON
S7 OFF

Set the output current to 4,5mA via P1 (22.5% of 20mA is 4.5mA) 

Balancing of the limit value G2 to 35% S5 OFF
S6 OFF
S7 ON

Set the output current to 7mA via P2 (35% of 20mA is 7mA)

Measuring variable “vibration velocity“ S5 ON
S6 OFF
S7 OFF

Self test off S8 OFF

Example 2: Analog output 4 to 20mA (mean 0.16mA per %)

Adjust the limit value G1 to 45%, and the limit value G2 to 60%:

Measured range 20mm/s S1 OFF
S2 ON
S3 OFF

Analog output 4 to 20mA S4 OFF

Balancing of the limit value G1 to 45% S5 OFF
S6 ON
S7 OFF

Set the output current to 11.2mA via P1 (45% of 16mA is 7.2mA + 4mA) 

Balancing of the limit value G2 to 60% S5 OFF
S6 OFF
S7 ON

Set the output current to 13.6mA via P2 (60% of 16mA is 9.6mA + 4mA)

Measuring variable “vibration velocity“ S5 ON
S6 OFF
S7 OFF

Self test off S8 OFF
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16. Self test

A self-test circuit in the unit is integrated to check the ESW®-Compact/Ex for correct 
operation. The self-test function could be activated by switches inside the unit and is 
optically displayed by a yellow LED. After expiration of fixed delay time has K1 and K2 
to be switched, and the red LED “Alarm“ must light up. The analog output must give out 
a current of over 22mA. During the self-test function is the whole electronic 
incorporated, so that it’s possible to obtain a definite information about the function of 
the unit.

Function Switch position

S8
Self test on ON
Self test off OFF

Upon execution of the self-test function, it’s absolutely necessary to return the switch S8 
to the position OFF in order to ensure the proper function of the ESW®-Compact/Ex. The
yellow LED must darken and current has to return to his normal value.
In case the yellow LED is lighting and a higher output current is flowing, without of 
activation of S8, than the electronic recognize one sensor defect and starts alarm, 
because the electronic is continuously monitoring the sensor.

ESW -Compact

S6S1
off

on
S2 S3 S5S4

SN:

R

LD2 LD1

P1

S7 S8 P2

LD3

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 743 of 2133



Electronic Vibration monitoring Unit
ESW®-Compact/Ex (hol600/Ex)

15

holthausen 
elektronik GmbH    

10
2

69

77

23

max. 11mm top hole

ø4.2 x 5

SW22

M10

50

m
ea

su
rin

g 
ax

is
~23

17. Housing size (mm)

Authorization N.B.: DMT 01 ATEX E 179 X CE 035

Material: high grade steel V4A

Weight: 2350g

Protection: IP 68

Cable insertion: CAPRI Type ADE 1F-4F, IP68, with Neopren-airtight ring
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18. Cable connection draft

Version without external reset

Version include external reset

: see page 7 ´Grounding Concept´

Regulary here ends the cable shield in the housing and is isolated to the case.

The outlined contacts of the alarm-relays are in position: without supply voltage.
Under normal working conditions are the closer- and middle-contacts connented.

On request is the connection of the remaining contacts in a other way with
an other cable also possible.

closer contact K2
middle contact K2
opener contact K2

ESW®-Compact/Ex

+24V supply volt.

analog output

closer contact K1
middle contact K1
opener contact K1

ground

: middle contact K2brown

shield

: +24V supply voltage
: ground
: analog output
: closer contact K1
: middle contact K1
: closer contact K2white

green
yellow
grey
blue
red

: not connectedblack
: not connectedorange

: not connectedviolet

: see page 7 ´Grounding Concept´

Regulary here ends the cable shield in the housing and is isolated to the case.

The outlined contacts of the alarm-relays are in position: without supply voltage.
Under normal working conditions are the closer- and middle-contacts connected.

On request is the connection of the remaining contacts in a other way with
an other cable also possible.

closer contact K2
middle contact K2
opener contact K2

external reset

ESW®-Compact/Ex

+24V supply volt.

analog output

closer contact K1
middle contact K1
opener contact K1

ground

: middle contact K2brown
: external reset (activ by
  connection to ground)

violet

shield

: +24V supply voltage
: ground
: analog output
: closer contact K1
: middle contact K1
: closer contact K2

blue
grey
yellow
green
white

red

: not connectedblack
: not connectedorange
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19. Type registration

The unit with the type registration HOL 6xx/Ex is certified by the ATEX guideline 94/9 
EC for the use in gas-air-mixture under atmospheric conditions or burnable dust.

Labeling / Registration

Company address holthausen elektronik GmbH
Wevelinghoven 38
D- 41334 Nettetal

Type HOL 6 . . /Ex
Environment temperature -20°C ≤ Tamb ≤ +65°C
Gas registration II 2G EEx d II C T6
Dust registration II 2D IP 68 T 80°C

Serialnumber XX = calendar week/ XX = Year/ XXXX = continuous number

Approvalnumber DMT 01 ATEX E 179 X CE 035

ESW® is a registered trademark of holthausen elektronik GmbH, Wevelinghoven 38, 41334 Nettetal
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Supply unit
for transmitters

B 95.6056
Operating Instructions
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Special features

A Please take note of the Declaration of Conformity (page 12)

H Within the European Union, these Operating Instructions
can be supplied in a different EU language, if requested.

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 754 of 2133



1

1 Intended use / Conformity with standards

Intended use

The supply unit for transmitters type 956056/... is intended for oper-
ation in non-hazardous areas. It is suitable for supplying power to
intrinsically safe equipment that is installed in areas which require
category 1G, 1/2G, 2G or 1D, 2D equipment.

Conformity with standards

The fundamental safety and health requirements are fulfilled
through compliance with the following standards: 

- EN 50 014+A1+A2: 1997

- EN 50 020: 1994

- EN 50 284: 1999

- EN 50 281-1-1: 1998

- EN 61 326-1: 1997
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2

2 Safety notes

- When setting up and operating the supply unit for transmitters it is
essential to observe these operating instructions, as well as the
relevant regulations and standards.

- The transmitter supply unit is intended for use in non-hazardous
areas.

- The ambient temperatures must not exceed the limits specified in
the table below.

- Electrical isolation is provided between:
- auxiliary supply and intrinsically safe input
- auxiliary supply and output
- intrinsically safe input and output
The intrinsically safe supply and signal circuit is safely isolated
from the non-intrinsically safe circuits, up to a sum peak value of
375V of the nominal voltages.

Extract from the EC Type Examination Certificate
DTM 01 ATEX E 137

Supply unit
for transmitters 956056

II (1) G D [EEx ia] IIC or [EEx ia] IIB
II (1) G D [EEx ib] IIC or [EEx ib] IIB

Ambient
temperature range

-20°C ≤ Ta ≤ +65°C

Non-intrinsically safe circuits
Supply circuit (auxiliary supply circuit)
Operating voltage Un = 230V AC +10/-15%,

48 — 63Hz
or
Un = 24V AC +10/-15%, 48 — 63Hz
or
Un = 18 — 32V DC ±0%
Um = 250V AC

Signal circuit
Voltage 15V DC

Um = 250V AC
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2 Safety notes

Intrinsically safe supply and signal circuit
Maximum safe values
- voltage
- current
- power
- characteristic

Uo = 25V DC
Io = 87.4mA
Po = 547mW
linear

Max. permissible external
inductance/capacitance

EEx ia IIC / EEx ib IIC

EEx ia IIB / EEx ib IIB

Lo = 4mH / Co = 105nF

Lo = 15mH / Co = 620nF

for combined installation:

EEx ia IIC

EEx ia IIB

Lo = 1mH / Co = 30nF
Lo = 2mH / Co = 18nF

Lo = 3.3mH / Co = 152nF
Lo = 5mH / Co = 130nF

Maximum external
inductance-resistance ratio
- supply circuit

Group IIC
- supply circuit

Group IIB

Lo/Ro = 0.065mH/Ω

Lo/Ro = 0.26mH/Ω
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3  Type designation / labels

Standard accessories

- 1 Operating Instructions 95.6056

Supply unit for transmitters
(1) Basic version

956056
Transmitter supply unit for
2-wire transmitters
dimensions: 45mm x 76mm x 91mm (W x H x D)

(2) Input
x 091 4 — 20mA

(3) Output (proportional DC current - configurable)
x 030 0 — 20mA/0 — 10V

x 032 4 — 20mA/2 — 10V

(4) Supply
x 02 230V AC +10/-15%, 48 — 63Hz

x 08 24V AC +10/-15%, 48 — 63Hz

x 24 18 — 32V DC ±0%

(1) (2) (3) (4)
Order code 956056 / 091 - -

Order example 956056 / 091 - 030 - 02
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3 Type designation / labels

The labels shown below are attached to the transmitter housing. 

The serial number (F-Nr.) indicates the production date (year/week).
The figures concerned are in position 12, 13, 14, 15.

Example:

F-Nr. 0041367101001490014

The transmitter supply unit was manufactured in 2001, week 49.

* details on type code, sales number, auxiliary supply and
  serial number as per order
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4 Technical data

- Marking: 

- EC Type Examination Certificate: DMT 01 ATEX E 137
see Chapter 2 “Safety notes”

- Declaration of Conformity: see page 12.

- Data Sheet: T 95.6056
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5 Installation

The regulations according to ElexV and these Operating Instruc-
tions apply when setting up and operating the equipment. It is ab-
solutely essential to observe the maximum ambient temperature
(see Chapter 2 “Safety notes”).

Dimensions
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5 Installation

Connection diagram

Connection for Terminals
Supply
see nameplate

L1

N

line
AC

neutral

L+

L-
DC
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5 Installation

The changeover between current and voltage output takes place via
a wire link at terminal -32 und 33. 

Connection for Terminals
Analog inputs
2-wire
transmitter
4 — 20mA

+11

-12
intrinsically safe circuit

lead resistance

     

UB = min. operating 
voltage of the 2-wire 
transmitter connected

Analog outputs
Voltage
0(2) — 10V

+31

-32

33

Rload ≥ 250 kΩ

wire link to
terminal -32

Current
0(4) — 20mA

+31

-32
Rburden ≤ 750 Ω

R
14V UB–

20mA
------------------------=
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5 Installation

Example of connection

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 764 of 2133



11

6 Maintenance

The appropriate regulations concerning maintenance /repair/testing
must be observed. In particular, all parts on which explosion protec-
tion depends must be checked during maintenance. 
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7 Declaration of Conformity
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Block structure

JU
M

O
 L

O
G

O
S

C
R

E
E

N
 5

00
 c

f

110 - 240V AC
or
20 - 53V AC/DC

Power supply

3/6 analog inputs
Thermocouple
RTD
Voltage
Current

(inputs are electrically
isolated from one another)

Features

5" STN color screen

CompactFlash card

CPU card

320 x 240 pixels, 27 colors

2GB for transfer of
measurements and
configuration of
paperless recorder

with main memory and
measurement data
memory
(FLASH memory)
for approx. 350 000
measurements

≤ Setup program

Evaluation software

Communication
software

for configuration

for representation and
evaluation of
measurement data

for automatic
data readout (also
via modem)

Software (accessory)

4 binary inputs

3 relays

RS232/RS485
or Ethernet
interface

Math and logic module

Counters and
integrators

their states can be
graphically displayed

changeover (SPDT)
3A, 230V

for process and
configuration data

Extra codes

Key features
k Measurement data presented numerically 

as vertical diagrams (with scaling, 
numerical display, or as a bar graph)

k Presentation of event traces
such as “Binary inputs”

k On-site availability of measurements in
the FLASH memory

k Measurement data are retained, even after 
a power interruption

k Saving of data sets
on the CompactFlash card

k Instrument configuration through
the keys or the setup program
(CompactFlash card or interface)

k Evaluation of archived data 
with PC evaluation program

k Search function for history analysis

k Adaptation of the memory cycles to the 
specific process, using normal,
time-of-day and event operation

k Freely configurable inputs

k Internal sampling rate 250msec 
for 3 or 6 analog inputs, 
minimum storage cycle 1sec

k Counters and integrators (6 channels)

k Math and logic module (6 channels)

k integrated web server

Approvals

Entry-level Paperless Recorder 
with CompactFlash card and 
life-cycle data management

Brief description
The appearance of the LOGOSCREEN 500 cf is dominated by a 5-inch color display, in which 
the measurement data can be displayed in a vertical direction, similar to ordinary chart 
recorders. But unlike ordinary recorders, the LOGOSCREEN 500 cf does not need any chart 
paper for recording. Measurement data are stored electronically, and are available for evaluation 
on the spot as well as in the PC. 
The integrated life-cycle data management ensures fast traceability of process data referred to 
specific installations.
According to choice, the LOGOSCREEN 500 cf can be fitted with 3 or 6 electrically isolated 
measurement inputs. The recorder can be programmed from eight keys, or by using a PC via a 
CompactFlash card or one of the interfaces. 
The bezel size is 144mm x 144mm, depth behind panel 214mm.

cf

Type 706510/…
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Technical data
Analog inputs
Input for DC voltage, DC current

Thermocouple

Basic range Accuracy Input resistance

-20 to +70mV
-3 to +105mV

-10 to +210mV
-0.5 to +12V

-0.05 to +1.2V
-1.2 to +1.2V
-10 to +12V

±80 V
±100 V
±240 V

±6mV
±1mV
±2mV

±12mV

RIN  1 M
RIN  1 M
RIN  1 M
RIN  470 k
RIN  470 k
RIN  470 k
RIN  470 k

Shortest span 5mV

Range start/end freely programmable within the limits in 0.01 mV steps

-2 to +22mA
-22 to +22mA

±20 A
±44 A

burden voltage  1V
burden voltage  1V

Shortest span 0.5mA

Range start/end freely programmable within the limits in 0.01 mA steps

Overrange / underrange according to NAMUR NE 43

Sampling cycle 3 or 6 channels 250msec

Input filter 2nd order digital filter; filter constant adjustable from 0 to 10.0sec

Test voltage for electrical isolation 350V (via optocoupler)

Resolution >14 bit

Designation Type Standard Meas. range Accuracy1

Fe-Con L DIN 43 710
Fe-Con J EN 60 584
Cu-Con U DIN 43 710
Cu-Con T EN 60 584
NiCr-Ni K EN 60 584
NiCr-Con E EN 60 584
NiCrSi-NiSi N EN 60 584
Pt10Rh-Pt S EN 60 584
Pt13Rh-Pt R EN 60 584
Pt30Rh-Pt6Rh B EN 60 584
W3Re/W25Re D
W5Re/W26Re C
Chromel-Copel GOST R 8.585-2001

-200 to +900°C
-210 to +1200°C
-200 to +600°C
-270 to +400°C
-270 to +1372°C
-270 to +1000°C
-270 to +1300°C
-50 to +1768°C
-50 to +1768°C

0 to 1820°C
0 to 2400°C
0 to 2320°C

-200 to +800°C

±0.1%
±0.1% from -100°C
±0.1% from -150°C
±0.15% from -150°C
±0.1% from -80°C
±0.1% from -80°C
±0.1% from -80°C
±0.15% from 0°C
±0.15% from 0°C
±0.15% from 400°C
±0.15% from 500°C
±0.15% from 500°C
±0.1%

Shortest span Type L, J, U, T, K, E, N, chromel-copel:
Type S, R, B, D, C:

100°C
500°C

Range start/end freely programmable within the limits, in 0.1°C steps

Cold junction Pt100 internal or thermostat external constant

Cold junction accuracy (internal) ± 1°C

Cold junction temperature (external) -50 to +150°C, adjustable

Sampling cycle 3 or 6 channels, 250msec

Input filter 2nd order digital filter; filter constant adjustable from 0 to 10.0sec

Test voltage for electrical isolation 350V (via optocoupler)

Resolution >14 bit

Special features also programmable in °F
1 The accuracy refers to the maximum measuring range. The accuracy is reduced with short spans.
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RTD

Transducer short circuit/break

Binary inputs (extra code)  

Designation Standard Connection circuit Meas. range Accuracy Measuring current

Pt100 EN 60 751
(TC = 3.85*10-3 1/°C)

2/3-wire
2/3-wire
4-wire
4-wire

-200 to +100°C
-200 to +850°C
-200 to +100°C
-200 to +850°C

±0.5°C
±0.8°C
±0.5°C
±0.5°C

500 A
250 A
500 A
250 A

Pt100 JIS 1604
(TC = 3.917*10-3 1/°C)

2/3-wire
2/3-wire
4-wire
4-wire

-200 to +100°C
-200 to +650°C
-200 to +100°C
-200 to +650°C

±0,5°C
±0.8°C
±0.5°C
±0.5°C

500 A
250 A
500 A
250 A

Pt100 GOST 6651-94 A.1
(TC = 3.91*10-3 1/°C)

2/3-wire
2/3-wire
4-wire
4-wire

-200 to +100°C
-200 to +850°C
-200 to +100°C
-200 to +850°C

±0.5°C
±0.8°C
±0.5°C
±0.5°C

500 A
250 A
500 A
250 A

Pt500 EN 60 751
(TC = 3.85*10-3 1/°C)

2/3-wire
2/3-wire
4-wire
4-wire

-200 to +100°C
-200 to +850°C
-200 to +100°C
-200 to +850°C

±0.5°C
±0.8°C
±0.5°C
±0.5°C

250 A
250 A
250 A
250 A

Pt1000 EN 60 751
(TC = 3.85*10-3 1/°C)

2/3-wire
2/3-wire
4-wire
4-wire

-200 to +100°C
-200 to +850°C
-200 to +100°C
-200 to +850°C

±0.5°C
±0.8°C
±0.5°C
±0.5°C

500 A
250 A
500 A
250 A

Ni100 DIN 43 760 
(TC = 6.18*10-3 1/°C)

2/3-wire
4-wire

-60 to +180°C
-60 to +180°C

±0.4°C
±0.4°C

500 A
500 A

Pt50 ST RGW 1057 1985
(TC = 3.91*10-3 1/°C)

2/3-wire
2/3-wire
4-wire
4-wire

-200 to +100°C
-200 to +1100°C
-200 to +100°C
-200 to +1100°C

±0.5°C
±0.9°C
±0.5°C
±0.6°C

500 A
250 A
500 A
250 A

Cu 50 GOST 6651-94 A.3
(TC = 4.28*10-3 1/°C)

2/3-wire
2/3-wire
4-wire
4-wire

-50 to +100°C
-50 to +200°C
-50 to +100°C
-50 to +200°C

±0.5°C
±0.9°C
±0.5°C
±0.6°C

500 A
250 A
500 A
250 A

Cu100 GOST 6651-94 A.4
(TC = 4.26*10-3 1/°C)

2/3-wire
4-wire

-50 to +200°C
-50 to +200°C

±0.5°C
±0.5°C

500 A
500 A

Connection circuit 2-, 3-, or 4-wire circuit

Shortest span 15°C

Sensor lead resistance max. 30  per conductor for 3-wire/4-wire circuit
max. 10  per conductor for 2-wire circuit

Range start/end freely programmable within the limits in 0.1°C steps

Sampling cycle 3 or 6 channels, 250msec

Input filter 2nd order digital filter; filter constant adjustable from 0 to 10sec

Test voltage for electrical isolation 350V (via optocoupler)

Resolution > 14bit

Short circuit1 Break1

Thermocouple not detected detected

RTD detected detected

Voltage 210mV not detected detected

Voltage 210mV not detected not detected

Current not detected not detected
1 Programmable reaction of device, e.g. trigger an alarm

Quantity 4, to DIN 19 240; 1Hz max., 32V max.

Level logic “0”: -3 to +5V, logic “1”: 12 — 30V

Sampling cycle
(binary inputs, without counter function)

1sec

Count frequency
(binary inputs, with counter function)

30Hz max.

Auxiliary voltage (output) 24V ±10%, 50mA (short-circuit proof)
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Outputs (extra code)   

Interfaces   

Screen

Electrical data

Housing

Approvals/marks of conformity

3 relays changeover (SPDT) (3A, 230V)

Setup interface (standard) to read and write measurement, instrument, and configuration data (Modbus protocol)

RS232 / RS485 (extra code) to read and write measurement, instrument, and configuration data (Modbus protocol)

Ethernet (extra code) to read and write measurement, instrument and configuration data (Modbus-TCP protocol)

Resolution 320 x 240 pixels

Size 5“

Number of colors 27 colors

Screen refresh rate 150Hz

Contrast setting adjustable on instrument

Screen saver (switch-off) through waiting time or control signal

Supply
(switch-mode PSU)

110 — 240 V AC +10/-15%, 48 — 63Hz or 
20 — 53V AC/DC, 48 — 63Hz

Test voltages (type test)

- electrical supply to measuring circuit

- electrical supply to housing
  (protective earth)
- measuring circuits to other
  measuring circuits and housing
- electrical isolation between
  the analog inputs

to EN 61 010, Part 1, March 1994
overvoltage category II, pollution degree 2
for supply voltage: AC 2.3kV/50Hz, 1min,

for supply voltage: AC/DC 510V/50Hz, 1min
for supply voltage: AC 2.3kV/50Hz, 1min,

for supply voltage: AC/DC 510V/50Hz, 1min

350V/50Hz, 1min

up to 30V AC and 50V DC

Supply voltage error < 0.1% of range span

Power consumption approx. 25VA

Data backup see page 6

Electrical connection At the back, via pluggable screw terminals,
conductor cross-section  2.5mm2 or 2 x 1.5mm2 with core end ferrules.

Electromagnetic compatibility (EMC)
- interference emission
- interference immunity

EN 61 326
Class A

to industrial requirements

Safety regulations to EN 61 010

Enclosure protection to EN 60 529 category 2, front IP54, back IP20

Ambient temperature range 0  to +50°C

Ambient temperature error 0.03%/°C

Storage temperature range -20  to +60°C

Housing type
- housing door

housing for flush panel mounting to IEC 61 554, galvanized steel sheet
zinc die-casting

Bezel size 144mm x 144mm

Depth behind panel 214mm, including connectors

Panel cut-out 138+1.0mm x 138+1.0mm

Panel thickness 2 — 40mm

Housing mounting in panel to DIN 43 834

Climatic conditions 75% relative humidity, no condensation

Operating position unrestricted, but taking into account the viewing angle of the screen,
horizontally ±50°, vertically ±30°

Enclosure protection to EN 60 529 Category 2,
IP54 front (IP65 with extra code 266), IP20 back

Weight approx. 3.5kg

Mark of 
conformity

Testing 
laboratory

Certificates / 
certification numbers

Test basis valid for

c UL us Underwriters 
Laboratories

E 201387 UL 61010-1
CAN/CSA-C22.2 No. 61010-1

the flush-mounted instrument;
not in conjunction with extra 
code 350
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Operation and
configuration
On the recorder
Configuration is menu-led, using 8 keys. 
Three of these have fixed functions assigned 
(Enter, Menu, Exit), and five alter their function 
and visual representation according to the 
menu. The currently active functions are 
shown on the bottom edge of the screen, so 
that key functions are always unambiguous 
during use.

The configuration on the recorder is
protected from unauthorized access by a 
code number.

Via setup program for PC
(accessory)
Instrument configuration via the setup 
program for the PC is more convenient than 
using the keys on the instrument itself.

The configuration data can be created on a 
data medium (CompactFlash card) and read 
into the recorder, or transferred to the 
instrument via one of the interfaces. The PC 
can be used to output the settings to a printer.

Operating language
The operating language for the instrument 
can be configured in various languages. 
English, German, French, Dutch, Spanish, 
Italian, Hungarian, Czech, Swedish, Polish, 
Danish, Finnish, Portuguese and Russian 
have been implemented.

Others on request.

Evaluation program
The PC evaluation program (PCA3000) is a 
program that runs under Windows NT/2000/
XP, and is used to manage, archive, visualize 
and evaluate the recorder data that have been 
stored on a CompactFlash card.

k The data from the LOGOSCREEN 500 cf 
are read in by the evaluation program and 
saved in an archive file. The lifecycle data 
management ensures that, if needed, all 
the data throughout the lifetime of a 
system can be saved in an archive file. 
Changes to the configuration are shown 
separately, together with the 
corresponding measurement data.

k The user can gain access at any time to 
certain data sets (configuration), which 
can be distinguished by supplementary 
information. In addition, it is possible to 
restrict the time periods to be evaluated.

k Any analog channels or event traces of a 
paperless recorder can subsequently be 
combined into PCA groups in PCA3000.

k Since each group is displayed in a 
separate window, several groups can be 
shown simultaneously on the screen and 
compared.

k Operation by mouse or keys.

k The export filter makes is possible to
export the stored data for processing in 
another program (e.g. Excel).

k The PCA3000 evaluation program 
supports network capability, i. e. several 
users can obtain data from the same 
database in the network, independently of 
one another.

PCA communication 
software (PCC)
k The data can be read out from the 

paperless recorder via the serial interface 
(RS232/RS485) on the back, via the 
Ethernet interface, or via the setup 
interface on the front. The data can be 
read out manually or automatically (e.g. 
daily at 23.00 hrs).

k Data can also be retrieved via remote 
control, through a modem.

Interface
The current process data, configuration data 
and special instrument data can be read out 
via the RS232/RS485 interface (extra code), 
via the Ethernet interface, or through the 
setup interface that is fitted as standard. 
The archive data (FLASH memory) can also 
be read out, in conjunction with the PCC soft-
ware.

Serial interfaces
When using the RS232 interface, a maximum 
cable length of 15m is permitted.
A cable length of 1.2km is allowed for the 
RS485 interface.
Connection is by a 9-pole SUB-D connector 
(for RS232/RS485) on the back of the instru-
ment, or on the front (via the setup interface). 
Modbus and Jbus protocols are available, 
and the transmission mode used is RTU (Re-
mote Terminal Unit).
The changeover between the RS232 and the 
RS485 interface is made through the program 
(configuration).

Ethernet interface
Connection is by a RJ45 socket on the back 
of the instrument. Modbus/TCP is used as a 
protocol. The maximum transmission rate is 
10Mbit/sec.

Extra codes
Counters/integrators/
operating time counters
6 additional internal channels are available for 
use as counters, integrators or operating time 
counters. These counters are controlled 
through the binary inputs, the alarms, or via 
the logic channels. The numerical indication is 
shown in a separate window, with a maximum 
of 9 figures. The acquisition period can be 
selected as: periodic, daily, weekly, monthly, 
yearly as well as externally, total (overall 
count) or daily from ... to.

Math/logic module
The module for math and logic (only 
configurable via the setup software) enables, 
for instance, the combination of analog 
channels with one another, with counters and/
or with the binary inputs.  The operators 
available for formulae are: +, -, *, /, (, ), SQRT(), 
MIN(), MAX(), SIN(), COS(), TAN(), **, EXP(), 
ABS(), INT(), FRC(), LOG(), LN(), humidity, 
moving average or !, &, |, ^, as well as ( and ).  
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A/D 2

A/D 1 CPU 4kB

4kB
4kB 4kB

4kB

350,000
measurements

Main memory

Analog inputs

Operating principle

External
CompactFlash
memory card

Data processing
The measurements from the analog inputs are 
acquired continuously in a 250msec sampling 
cycle. These measurements also serve as the 
basis for limit monitoring. The measurements 
are transferred to the main memory of the 
instrument, according to the configurable 
storage cycle and stored value (average, 
momentary value,  maximum, minimum, or 
peak value).

Main memory (FLASH memory)
The data stored in the main memory are 
regularly copied to the Compact Flash card in 
4 kbyte blocks. The main memory is written to 
as a ring memory, i.e. when it is full, the oldest 
data will automatically be overwritten by new 
data. The memory capacity is sufficient for 
approx. 350,000 measurements.
The instrument monitors the capacity of the 
main memory and activates the “Memory 
alarm (internal)” signal if the level falls below a 
configurable residual capacity. 

CompactFlash card
For saving the data, CompactFlash cards 
(industrial grade) can be used with the 
following storage capacities: 2GB.
The instrument monitors the capacity of the 
CompactFlash card,  and activates the 
“Memory alarm (CF card)” signal if the level 
falls below a configurable residual capacity.  
This signals can be used, for instance, to 
operate a relay (warning signal “Swap CF 
card”).

Data security
The data are stored in coded form in a 
proprietary format.
If the CompactFlash card is removed from the 
instrument, no data will be lost immediately, 
as these data are still stored in the FLASH 
memory.
A loss of data will only occur if, after the 
CompactFlash card has been removed, the 
FLASH memory is completely rewritten as 
well.

Response to disconnection of the 
instrument from the electrical supply
- Configuration and measurement data will 

be retained, even after the paperless 
recorder has been disconnected from the 
electrical supply.

- When the lithium battery, supplied ex-
factory, is exhausted (  10years) or the 
storage capacitor (available on request) is 
discharged (typically 2 weeks), all 
measurements that have not yet been 
saved on a CompactFlash card, as well as 
the time, will be lost. 

Recording duration
Depending on the configuration of the 
instrument, the duration of the recording can 
vary over a considerable range (from a few 
days up to several months).

Limit monitoring/
operating mode changeover
An over/underlimit condition will trigger an 
alarm. The alarm can be output through a 
relay or used as a control signal for changing 
over the operating mode from normal/timed 
operation to event operation. The storage 
cycle and stored value can be configured 
separately for all three operating modes.
With the help of the alarm delay function, brief 
occurrences of over/underlimit conditions can 
be filtered out, with the result that no alarm is 
generated.

Normal operation
If the instrument is not in event operation and 
not in timed operation, then normal operation 
is active by default.

Timed operation
Timed operation is active on a daily basis, 
within a programmable time period.

Event operation
Event operation is activated/terminated by a 
control signal (binary input, combination 
alarm). As long as this control signal is active, 
the instrument is in event operation.

The operating modes have different priorities
.

Operating mode Priority

Event operation 1 (higher)

Timed operation 2

Normal operation 3 (lower)
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Presentation modes on the instrument

Main menu

k Branching into the menus (levels)
- visualization
- parameterization
- configuration
- event list
- CF card manager
- device info

Visualization

k Analog channels and event traces

k In addition to the curves, measurements 
can be made visible in numerical form,  
with scaling or as a bar graphs.

k Softkeys can be made visible or hidden.

Visualization

k Graphical presentation of the analog 
channels (without event traces)

k Display of scaling and  
limit markers for the channels

Visualization

k Display mode “Measurements”
(numerical display)

k Display mode “Scaling”
including limit markers

k Display mode “Bar graph”
including limit markers

Visualization

k The graphical presentation can be 
switched off in favor of a larger numerical 
display.

History presentation

k All stored measurement data are shown 
as curves at different zoom levels.

k Numerical display of the measurements 
for the analog channels at the cursor 
position.

k Shifting of the visible section within the 
stored measurement data.

k When recorded as an envelope:
the maximum or minimum value display 
can be changed within the channel line.

Configuration

k Configuration from instrument keys

k Password-protected

k Configuration can be transferred to CF 
card

k Configuration data can be read/altered 
through the setup program

Parameterization

k General settings without password

k Selection of the presentation mode,
such as: analog data and/or event traces 
with/without channel line

Event list

k Important events in plain text
(alarm messages, external texts
or system messages)
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Connection diagram

Rear view of a 3/6-channel paperless recorder with pluggable screw terminals

Terminal assignments for 3/6-channel paperless recorder Diagram

Analog inputs Connector

Thermocouple 1 to 6

RTD in 2-wire circuit 1 to 6

RTD in 3-wire circuit 1 to 6

RTD in 4-wire circuit 1 to 6

Voltage input 210mV 1 to 6

Voltage input 210mV 1 to 6

Current input 1 to 6

PE N L1
(L-) (L+)

1 1 1

1 1 1

21.
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Dimensions

Supply

Supply PE 
N (L-)
L1 (L+)

Relay outputs (extra code)

Relays K1, K2, K3
changeover (SPDT)

30, 31, 32

Setup interface (included in delivery)

The setup interface can be found behind a protective flap 
on the front of the instrument.

Interfaces (extra code)

RS232
9-pole SUB-D socket
(switchable to RS485)

20 2 RxD Received Data
3 TxD Transmitted Data
5 GND Ground

RS485
9-pole SUB-D socket
(switchable to RS232)

20 3 TxD+/RxD+ Transmitted/Received Data +
5 GND Ground
8 TxD-/RxD- Transmitted/Received Data -

Ethernet
RJ45 socket

21 1 TX+ Transmitted Data +
2 TX- Transmitted Data -
3 RX+ Received Data +
6 RX- Received Data -

Binary inputs (extra code)

Supply voltage 24V/50mA
Binary inputs
voltage-controlled
LOW = -3 to +5V DC
HIGH = 12 to 30V DC

33
6 +24V auxiliary supply
5 GND
4 binary input 1
3 binary input 2
2 binary input 3
1 binary input 4

12 3

Setup interface

23456 1
+ –

Example: binary input 4, operated from the 
internal supply voltage

Size 26 increases to 27 if the IP65 seal is used.
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Order details

Standard accessories
- 1 Operating Manual B 70.6510.0

- 2 mounting brackets

- Cable tie with foot (can be released), for strain relief
of the connecting cables to the sensors

Accessories (Data Sheet 70.9700)

Entry-level Paperless Recorder with CompactFlash card as storage medium
and life-cycle data management

(1) Basic version
706510/14 Paperless recorder with 3 analog inputs

706510/24 Paperless recorder with 3 analog inputs
incl. setup and PC evaluation program (PCA3000)

706510/15 Paperless recorder with 6 analog inputs

706510/25 Paperless recorder with 6 analog inputs
incl. setup and PC evaluation program (PCA3000)

(2) Supply voltage
x x x x 22 20 — 53V AC/DC, 48 — 63Hz
x x x x 23 110 — 240V AC +10/-15%, 48 — 63Hz

(3) Extra codes
x x x x 008 Ethernet interface
x x x x 020 Lithium battery for memory buffering (ex-factory)
x x x x 021 Storage capacitor (instead of extra code 020)
x x x x 260 Integrators and counters, as well as math and

logic module (the math and logic module can only 
be configured through the setup program).

x x x x 261 4 binary inputs, 3 relay outputs, 
serial interface RS232/RS485 (Modbus, Jbus)

x x x x 265 Door with lock (IP54)
x x x x 266 IP65 seal, wide mounting brackets
x x x x 350 Universal carrying case TG-351

(1) (2) (3)
Order code - /  , ...2

Order example 706510/14 - 23 / 020

1 This extra code is available in combination with supply voltage 110—240V AC, not with low 
supply voltage. UL approval is not available. The protection type in the carrying case 
corresponds to IP20, outside IP20D.

2 List extra codes in sequence, separated by commas.

Sales No.
- Setup program, multilingual 70/00467262
- PC evaluation software (PCA3000), multilingual 70/00431882
- PCA communications software (PCC), multilingual 70/00431879
- PC interface with TTL/RS232 converter and adapter (socket) 70/00350260
- PC interface with USB/TTL converter, adapter (socket) and 

adapter (pins)
70/00456352

- Enabling extra code 260
(configuration of the math and logic module
only through the setup program)

70/00393217

- CompactFlash memory cards in various sizes. 
The CF cards specified by JUMO are tested and designed 
for industrial applications. We do not accept any 
responsibility for other CF cards.

Universal
carrying case TG-35

- for the installation of a paperless recorder
with bezel size 144mm x 144mm

- 326mm x 226mm x 366mm (W x H x D)
Cut-out: 138mm x 138mm

- The paperless recorder is accessible
from the back

373

326

366

2
2

6

3
1

4
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1 Introduction

1.1 Preface
Please read these operating instructions before commissioning the
instrument. Keep the operating instructions in a place that is accessible to all
users at all times.

Please assist us to improve these operating instructions, where necessary.

Your comments will be appreciated.

H All necessary settings are described in this manual. If any
difficulties should arise during commissioning, you are asked not
to carry out any manipulations that could endanger your rights
under the instrument warranty!

Please contact the nearest subsidiary or the head office in such a
case.

E
When returning modules, assemblies or components, the
regulations of EN 61340-5-1 and EN 61340-5-2 “Protection of
electronic devices from electrostatic phenomena” must be
observed. Use only the appropriate ESD packaging for transport.

Please note that we cannot accept any liability for damage caused
by ESD.

ESD=electrostatic discharge

B
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1.2 Arrangement of the documentation
The documentation for this instrument consists of the following parts:

Operating
Manual 
B 70.6510.0

This operating manual comes with the delivery. It is addressed to the
equipment manufacturer and the user with appropriate technical expertise.

In addition to installation and electrical connection, it contains information on
commissioning, operation and parameter setting on the instrument, as well as
on the optional  PC setup program and the optional evaluation program (PCA).

Interface 
Description 
B 70.6510.2.0

It provides information on the serial interface (RS232 and RS485), which can
be supplied as an extra code. The interface description can be used to
develop specific programs which can, for instance, read out current
measurement data.

1.2.1 Structure of this operating manual

This manual is arranged in a way which permits the user to enter directly into
operation and configuration of the instrument. Consequently, chapters dealing
with items that normally arise only once are placed at the end of the manual.
These include instrument description, type designation, installation and
electrical connection.
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1 Introduction

1.3 Typographical conventions

1.3.1 Warning signs

The signs for Danger and Caution are used in this manual under the following
conditions:

V

Danger

This symbol is used when there may be danger to personnel if the
instructions are ignored or not followed correctly!

A
Caution

This symbol is used when there may be damage to equipment or data if the
instructions are ignored or not followed correctly!

E

Caution

This symbol is used where special care is required when handling
components liable to damage through electrostatic discharge.

1.3.2 Note signs

H
Note

This symbol is used when your  special attention is drawn to a remark.

v
Reference

This symbol refers to further information in other manuals, chapters or
sections.

abc1
Footnote

Footnotes are remarks that refer to specific points in the text. Footnotes
consist of two parts:

A marker in the text, and the footnote text.

The markers in the text are arranged as continuous superscript numbers.

h

Action instruction

This symbol indicates that an action to be performed is described.

The individual steps are marked by this asterisk, e.g.

h Press the h key

h Confirm with E
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1.3.3 Representation modes

h + E

Keys

Keys are shown in a box. Both symbols and text are possible. If a key has a
multiple function, then the text shown is the one that corresponds to the
function that is active at the moment.

Program
Manager

Screen texts

Texts that are displayed in the setup program are indicated by italic script.

Edit 
Device data

Menu items

Menu items in the setup program which are referred to in this manual are
shown in italics. Menu name, menu item and submenu item are separated
from each other by “ ”.
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2 Device description

2.1 Displays and controls

1 Not from the configuration level if a parameter has already been modified there.
2 CompactFlash® is a registered trademark of the SanDisk Corporation.

H The life of the background illumination can be prolonged by 
making use of the screen saver.

v Chapter 4 “Configuration parameters”,
Parameterization  Display off

Status LED (red)
is on continuously while 
an alarm is present

Enter
- select menu item
- enter selection

Menu
return to the basic menu1

Exit
- previous window
- cancel the 

present action

Menu-dependent function keys (softkeys)
screen-dependent functions, represented by text or symbols

Color display
320 x 240 pixels, 27 colors

Cover
for the CompactFlash® slot 2 to open the cover of the

CompactFlash slot

Power LED (green)
This is lit continuously as 
soon as power is applied.
It blinks when the screen 
saver is active.
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Opening and 
closing the door 
of the 
instrument

2.2 Operating principle and graphic elements

Keys The recorder is operated from eight keys. Three of these keys have fixed
functions, the other five (softkeys) have menu-dependent functions.

v Chapter 2.1 “Displays and controls”

Softkeys The functions of the softkeys appear in the bottom line of the display, as
symbols or in plain text.

To open or close the door of the
instrument, turn the knob

Status lineHeader
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2 Device description

Status line The status line is shown in the top section of the display. It provides
information on important actions and states. The status line is always visible,
irrespective of the level (operation, parameters, configuration).

Time & Date
Display of the current time 
and date

The egg timer appears whenever the instrument cannot be
operated because it is busy.

The “H” indicates that the measurements which are displayed
are derived from the past (history). The display shows

the data saved in the FLASH memory.

If a fault occurs, an “i” will flash in this position.
In the device info window (v Chapter 3.7 “Device info”)

you can ask for the cause of the fault.

If the keys are inhibited, a key will flash in this position.

Alarm
If an alarm occurs (e.g. out-of-limit), the bell (alarm) will flash in this field.

Shows the last entry in the event list

Instrument name (maximum 16 characters).

Present diagram speed
Background color:
gray = normal operation, 
blue = timed operation,
orange = event operation

CF card / internal memory
Shows the free storage of the CompactFlash card or the internal memory, as

a percentage. In the event of a “memory alarm” or a fault on the CF card, the field is
shown with a yellow background and the symbol will flash. The error message

can be checked in the CF card menu (Chapter 3.6 “CompactFlash card”).

Storage capacity of the CF card 

Available internal memory for read-out via CF card 
(the diagram shows a turquoise-colored memory chip)

Available internal memory (for read-out via interface) 
(the diagram shows a dark blue memory chip)
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Channel line
(channel 
representation)

The channel line shows the measurements of the active channels and their unit
as

- a measurement

- scale or 

- bar graph.

Alternatively, the header can be switched off altogether.

In addition, alarms and out-of-limit conditions are made directly visible,
depending on the display mode.

Example: Measurement (small meas.) 

Selection and visual presentation of the channel line can be controlled through
the parameter Parameterization ➔ Diagram view ➔ Channel represent. or by
using the  key.

With the help of the parameter Parameterization ➔ Diagram view ➔ Channel
indication  ➔ Channel 1 — 6, it is possible to suppress the display of individual
channels in the channel line. This is especially useful for scale or bar graph
display, where more space is needed to show the diagram. The channels that
have been suppressed in the display will nevertheless be recorded, and shown
on the diagram.

2.3 Analog inputs

Internal 
analog inputs

The paperless recorder can be equipped with 3 or 6 analog inputs. When
configuring the analog inputs (Chapter 4.2 “Table of configuration
parameters”), these are designated as analog input 1 — 3 (1 — 6).

Numerical display
The measurements are shown in numerical form.

OFF
If a channel has been switched off, then 
there will be no indication at all.

Unit of measurement

Alarm
If an alarm (e.g. out-of-limit) is present,
the measurement of the channel is shown on a red background.

Overrange

Underrange 
(underrange)

State of the 
event traces
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2 Device description

2.4 Digital signals (event traces)

Signal types In addition to the four binary inputs (extra code), digital signals generated by
the instrument itself can also be displayed in the six digital traces (event
traces):

signal Description

Binary input 1 — 4 Four binary inputs available as hardware 
(extra code)

Logic channel 1 — 6 Channels which are created by using the math 
and logic module (extra code required)

Low alarm 1 — 6 Underrange of the channels 

Low combination alarm OR linkage of all low alarms

High alarm 1 — 6 Overlimit of channels 

High combination alarm OR linkage of all high alarms

Counter/integrator alarm 1 — 6 Limit infringements of counter and 
integrator channels (extra code required)

Counter/integrator combination 
alarm

OR linkage of all counter/integrator 
alarms (extra code required)

Combination alarm OR linkage of all low, high and counter/inegrator 
alarms

CF card inserted The signal is set when a CF card is inserted in the 
instrument. It remains active until the card is 
removed.

Int. mem. alarm/CF card The alarm is triggered when the internal storage 
memory available for read-out via the CF card 
card has fallen below a certain value1.

1 The limit for all memory alarms is the same, and is set by the parameter
Configuration  Device data  Memory alarm.

Int. mem. alarm/serial The alarm is triggered when the internal storage 
memory available for read-out via the interface 
has fallen below a certain value1.

Mem. alarm/CF card The alarm is triggered when the storage memory 
available on the CF card that has been plugged in 
falls below a certain value1, or no CF card is 
plugged in. 

Error Alarm when the battery is empty, or the time has 
to be set.

Chapter 3.7 “Device info”

MODbus flag Control flag, which can be activated through one 
of the interfaces.
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Representation Representation on the screen is as follows:

Outputs The digital signals can be used to operate three relays (extra code). The action
can be configured as a break (SPST-NC) or make (SPST-NO) contact
(Configuration ➔ Outputs).

External texts External texts can be called up via four binary inputs or the logic channels. If a
binary input is closed or a logic channel makes a 0-1 transition, then the
preconfigured text will be entered in the event list. Either a standard text or one
of the 18 definable texts can be used. The instrument automatically
supplements the texts in order to distinguish between the appearance and
disappearance of the signal. The external texts are configured on the
instrument, under Configuration ➔ Control functions.

v Chapter 3.5 “Event list”

Event operation The digital signals can be used to activate event operation. In event operation,
the measurements are stored with a storage cycle that is different from normal
operation.

2.5 Counters / integrators / operating time counter

These are not electrical measurement inputs (hardware), but channels which
are calculated by the paperless recorder (software).

Representation

as symbol On/off represented as switch: 

as diagram Representation as a record over time: 
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2 Device description

Counters

Counter inputs Any of the digital signals can be used as input signals for the counters. 

v Chapter 2.4 “Digital signals (event traces)”

Example:

- binary inputs

- logic channels

- alarms

- memory alarms

- Modbus flag (signal via interface)

Counter 
frequency

30Hz max.

Evaluation The count pulses can be evaluated (weighted). A down counter can be
implemented by entering a negative weighting (e.g. weighting factor -1).

Each count change can be documented with an entry in the event list. The
new count is attached to the message.

Integrators

Integrator 
inputs

Analog inputs 1 — 3 or 1 — 6 and math channels 1 — 6

Integrator 
time base

sec, min, hr and day

Evaluation You can also enter a weighting for the integrators.

Weighting 
example

- measurement of flow volume

- input signal of 0 — 20mA (corresponds to 0 — 500 liters/sec)

- time base 1sec

- weighting 0.001

Result: display of the integration value (volume) in m³.

Minimum size 
of the input 
signal

Entering a threshold value (amount of the threshold value) has the effect that
integration takes place only when the value has been exceeded. No
integration will occur on falling below this value. The advantage of integration
with a threshold value larger than 0 is that possible noise from a transducer
can be suppressed in this way. 

H If there is an overrange or underrange on an integrator input, then 
integration is stopped (the latest valid value is retained), and will 
only continue when the input signal is correct again. 
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Operating time counter

The operating time counter will count how long a selected binary input or one
of the digital signals is closed (set). The time can be displayed in sec, min, hr
or days.

2.5.1 Reporting period of the counts

After an adjustable time (reporting period), the counts are stored for all
counters/integrators/operating time counters. The counts for the current and
the previous 7 completed reporting periods will be displayed. The following
counter/integrator types are possible:

- periodic
In addition, the time period (between 1 min and 12 hrs) must be selected in 
the parameter Period.

- external
In this case, the counter/integrator is updated only when the selected 
control signal is active (e.g. binary input is closed). When the control signal 
is deactivated (e.g. binary input is opened), the counter/integrator value is 
saved and reset to 0.

- daily

- weekly

- monthly

- yearly

- total

- daily, from ... to
The period also has to be selected, by means of the parameters “Daily start 
time” and “Daily end time”. The counter/integrator will then be updated 
from the start time only. When the end time has been reached, the counter/
integrator value is saved and reset to 0.

2.5.2 Resetting the counters / integrators / operating time counters

Periodic reset There is a reporting period for each counter/integrator/operating time counter.
At the end of this period, the current data (value and time) are saved and the
value reset to 0. Subsequently, the next period can be recorded.

An exception is the totalizer/integrator. It is saved whenever any count/
integration has been completed, but it is not reset to 0. It enables the totalizer
to be evaluated in the evaluation software PCA as well.
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External reset You can configure one control signal for all 6 counters/integrators together,
with the result that the counters/integrators are reset to 0 without any saving
of the previous values. The period for the counter/integrator summation will be
restarted at this point. This means that after the test run of an installation, for
instance, the recording can be freshly started; the test run values that are not
required are eliminated.

v see Page 69 “Generate reset”

Reset from 
keys

Another option for resetting the counter/integrator values is provided at the
parameter level. After entering the password, you can define a value for each
of the 6 channels. The counter/integrator will then be set to this value. When
the value is entered, after editing, a message with the new and the old count is
entered in the event list. 

The time period for the counter/integrator summation will not be restarted. The
previous counter/integrator values will also not be saved. 

In this way, the recording can be freshly started for individual counters/
integrators, e.g. after the test run of an installation; the test run values that are
not required will be eliminated in the process.
You can select a password that is different from that for accessing the
configuration. The password is set up in Configuration ➔ Device data ➔ Code
No. (password) ➔ Reset counter / int.

Reset from 
CompactFlash 
card menu

If, in the menu CompactFlash card, the function CF update incl. counters
is carried out, then the counter states will also be saved and then reset.

v See “CompactFlash card” on Page 50.

2.5.3 Response to instrument reconfiguration

When the instrument is reconfigured, the current counter/integrator reporting
periods remain unaffected. The counter/integrator values will not be reset to 0
and the reporting period will not be restarted.  

H If you wish to save the previous counter/integrator values, you 
must execute the function “Update CF incl. counters ...” in the 
menu for the CompactFlash card.

H The values can only be deliberately reset through the 
Parameterization menu.
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2.5.4 Response at end of summer time

2.6 Math/logic module
The math and logic module is available as an extra code. Like the counter/
integrator/operating time counters, the math and logic module is implemented
as channels that are not available as hardware but are calculated by the
instrument software.    

The math and logic module consists of 2 parts: 

- the math module for calculating analog values and 

- the logic module for calculating Boolean values (0 or 1).

Math module With the help of the math module, measurement inputs can be used for the
calculation of “virtual” math channels.

A total of 6 channels can be recorded (stored) in the instrument. In the
configuration, you will find an option under Configuration  Recording 
Analog channels  Analog channel 1 — 6  Input signal for selecting which
of the analog inputs or math channels should be stored.

If more than 6 channels are to be active in the instrument (e.g. 4 analog inputs
and 3 active math channels), then you can also use the visualization in the
presentation mode “Large digital display (large measurements)” to see the
measurements that are not stored.

v Chapter 3.2.4 “Large digital display (large measurements)”

A
If a period of less than one hour has been set for counters/
integrators, and the change from summer time to winter time falls 
precisely within this period, then the PC evaluation software 
(PCA3000) will forcibly set the end time to be the same as the start 
time. This prevents a negative period arising, and ensures that 
further processing is error-free.
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The following variables are used for the formulae:

- analog inputs (AE1 — AE6)

- math channels (MAT1 — MAT6)

- counter/integrator channels  (ZI1 — ZI6)

- binary inputs (BE1 — BE4)

- alarms

- errors

- Modbus flag (signal via interface)

- instrument-specific data (only after consultation with the manufacturer)

If counter/integrator values are used for calculation, then please note that their
accuracy is reduced, since, in this case, two different data formats have to be
used for calculation. The counters/integrators are calculated in the double-
float format, whereas the math module employs a single-float format that
follows the IEEE 754 standard. Nevertheless, it is possible to include these
values in the math module.

The following fixed functions are available:

- difference

- ratio

- relative humidity (psychrometric measurement)

- moving average

For the moving average, the reference channel has to be entered (in most
cases, the analog input number) and the time period (in minutes) for
calculating the moving average. 

The following operators and functions are available for the formulae: +, -, *, /, 
(, ), SQRT(), MIN(), MAX(), SIN(), COS(), TAN(), **, EXP(), 
ABS(), INT(), FRC(), LOG(), LN(). 

On going above or falling below the scalable values, the math channel is
treated as for “out-of-range”. 

The formulae are entered in the PC, in the setup program. The mathematical
formulae cannot be edited by using the keys on the instrument.

H For further information, refer to 
Chapter 5.9 “Math/logic”
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Logic module You also have up to 6 channels available as logic channels.

As is the case with all the other digital signals, the calculated digital (Boolean)
values can be used for different functions: 

- recording in the event traces, 

- as a control signal for display switch-off, 

- clock time synchronization, 
- operating time counter, 

- externally controlled counters / integrators 

- counter/integr. reset 
- event operation and key inhibit, 

- for output to a relay and 

- as count input for a counter. 

The following variables are used for the formulae: 

- binary inputs

- logic channels
- alarms

- errors

- Modbus flag (signal via interface)
- TRUE

- FALSE

- device-specific data (only after consultation with the manufacturer)

These functions can be used for the formulae: 

- ! (NOT)

- & (AND)

- | (OR)
- ^ (XOR)

- / (rising edge)

- \ (falling edge)
- ( (open bracket)

- ) (close bracket)

H For further information, refer to 
Chapter 5.9 “Math/logic”
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2.7 Operating modes

3 operating 
modes

The instrument has 3 operating modes:

- normal operation

- timed operation

- event operation

The following settings can, among others, be made for each of the three
operating modes:

- stored value

- storage cycle

Stored value The stored value setting determines what is stored: average, minimum,
maximum or momentary value between two storage cycles, or the peak value
(envelope). The setting “peak value” means that the maximum and minimum
values from the last storage cycle are saved.

Storage cycle The storage cycle determines the interval between two stored values. The
diagram speed corresponds to the storage cycle, which means that with a
storage cycle of 5sec, for example, the stored value is entered in the diagram
every 5sec.

Normal 
operation

Normal operation is active whenever event or timed operation is not active.

Timed 
operation

For timed operation, a period of time can be defined (up to 24 hrs) within
which a specific stored value and a specific storage cycle are active.

Event operation Event operation is active as long as its control signal (v Chapter 4.2.6
“Configuration - Recording”) is active. Event operation can be used, for
example, to shorten the storage cycle when an alarm is present.

Priority The respective priorities of the operating modes are allocated as follows:

Active 
operating mode

The active operating mode is shown in the diagram by the background color
for the diagram speed:

v Chapter 2.2 “Operating principle and graphic elements”

Operating mode Priority

Normal
operation

low

Timed operation average

Event operation high

Operating mode Color

Normal
operation

gray

Timed operation turquoise

Event operation orange
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2.8 Storing data

Life-cycle data 
management

The integrated life-cycle data management puts users in the position of being
able to save all the process data from the system that is being monitored in an
archive file on their PCs or a server system.

The recovery of configuration-dependent system data, which may be required
for commissioning, maintenance or optimization during the life-cycle of a
system, is now enabled by the associated PC evaluation software (PCA3000)
in a dialog window.
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Operating 
principle

The measurements from the analog inputs are acquired continuously in a
250msec sampling cycle, and then stored in the main memory. These
measurements also serve as the basis for limit monitoring.

Main memory 
(FLASH 
memory)

The data stored in the main memory are regularly copied to the CompactFlash
card in 4 kbyte blocks. The main memory is written to as a ring memory, i.e.
when it is full, the oldest data will automatically be overwritten by new data.
The capacity of the main memory is sufficient for approximately 350,000
measurements. The instrument monitors the capacity of the main memory and
activates the “Memory alarm (internal)” signal if the level falls below a
configurable residual capacity.

CompactFlash 
card

For saving the data, CompactFlash cards (industrial grade) can be used with
the following storage capacities: 64/128/256MB.

The instrument monitors the capacity of the CompactFlash card, and activates
the “Memory alarm (CF card)” signal if the level falls below a configurable
residual capacity. This signal can be used, for instance, to operate a relay
(warning signal “Swap CF card”).

Data security The data are stored in coded form in a proprietary format. If the CompactFlash
card is removed from the instrument, no data will be lost immediately, as these
data are still stored in the FLASH memory. A loss of data will only occur if, after
the CompactFlash card has been removed, the FLASH memory is completely
rewritten as well, and no data have been read out through the interface.

Storage cycle Different storage cycles, ranging from 1sec to 32,767sec can be configured
for normal, event and timed operation under “configuration”.

The storage cycle determines the time intervals at which the measurements
are stored.

Stored value Under this parameter, separate configurations are made for normal, event and
timed operation, to decide which value is stored (average, momentary,
minimum, maximum, peak values).
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Recording 
duration

The recording duration depends on various factors:

- number of analog channels and event traces being recorded

- storage cycle

- number of events in the event list.

Internal recording duration (without external CF card)

Recording duration with CF card

The calculation of the recording duration is made for the storage of
momentary, minimum, maximum or average values. If peak values are
recorded, then the times are shorter, since a maximum and minimum value is
recorded each time.
The recording capacity will be further reduced if a large number of event
messages are also stored.

Optimization of 
recording 
duration

The recording duration can be optimized by process-oriented selection of the
storage cycle.

In normal operation (no error, no alarm, ...) a storage cycle that is as long as
possible (e.g. 60sec, 180sec, …) should be selected, depending on the
particular application.

In the event of an alarm or error, the storage cycle can be shortened via event
operation, with the effect that the measurement data are recorded with a high
time resolution.

Number of 
channels 

Memory
size

Storage 
cycle 
1 min

Storage 
cycle 
30 sec

Storage 
cycle 
10 sec

Storage 
cycle 
1 sec

3 approx. 
1MB

42.2 days 21.1 days 7 days 17 hours

6 approx. 
1MB

29.5 days 14.8 days 4.9 days 12 hours

Number of 
channels 

Memory
size

Storage 
cycle 
1 min

Storage 
cycle 
30 sec

Storage 
cycle 
10 sec

Storage 
cycle 
1 sec

3 64 MB 8.8 years 4.4 years 1.5 years 1.8 months

3 128 MB 17.6 years 8.8 years 2.9 years 3.5 months

3 256 MB 35.3 years 17.6 years 5.9 years 7.1 months

6 64 MB 6.2 years 3.1 years 1.0 years 1.2 months

6 128 MB 12.3 years 6.2 years 2.1 years 2.5 months

6 256 MB 24.7 years 12.3 years 4.1 years 4.9 months
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2.9 Read-out of data
In addition to automatic read-out via the external CompactFlash memory card,
measurement data can also be read out through one of the interfaces (RS232,
RS485, setup, Ethernet).

Both read-out options (card/interface) work in parallel. For this reason, there
are also two “digital signals”, which indicate when the available storage space
has fallen below a certain configurable value.

Memory alarm The limit for alarms can be set by the parameter Configuration ➔ Device data
➔ Memory alarm in the configuration level.

The parameter Configuration ➔ Memory upload can be used to determine
which storage space indication should be shown in the status line. The “digital
signals” for storage space detection function independently of the indication in
the status line.

Digital signals IntMemAlm/CF

If this signal is set, it means that no data have been fetched by the CF card for
a long time, and the available capacity of the internal memory has fallen below
the configured level.

IntMemAlm/ser

If this signal is set, it means that no data have been fetched by the interface for
a long time, and the available capacity of the internal memory has fallen below
the configured level.

MemAlmCFcard

If this signal is set, it means that not enough space is avialable on the CF card.
The program PCA3000 can help here. Use PCA3000 to read in the data, save
them to the hard disk on a network, and free up the space on the CF card.
Alternatively, you can use a new CF card.

Data lost A loss of data is only imminent if all three of the above signals are set. 

Read-out via 
interface

Use the PCA Communications Server software (PCC) to read out
measurement data via the serial, setup or Ethernet interface. The software has
been developed especially for the paperless recorder.

v Please refer to the Operating Manual B 70.9702.0 for further information.

2.10 Evaluating data
Please use the PC Evaluation Software (PCA3000) for evaluating the data on
the PC. The software has been developed especially for the paperless
recorder.

v Please refer to the Operating Manual B 70.9701.0 for further information.

H Use the same archive (in the PC) for reading out via the interface 
as for reading out with the CF card. This saves having to put 
together data from different files at a later date.
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2.11 Webserver
If the paperless recorder is equipped with the extra code 008 “Ethernet inter-
face”, and the device-internal  Ethernet software (“Ethernet version“) has the
number 183.02.03 or higher, then the paperless recorder has an inbuilt web-
server. The webserver can be started by entering the IP address in an Internet
browser on the PC (e.g. http://10.10.90.45).

The variables that are shown are acquired and displayed automatically by the 
webserver. The latest data are read out of the instrument every 5 seconds. Any 
limit infringements show a red background. A maximum of 6 channels (analog 
or math channels), up to 6 counters or integrators, and a maximum of 6 event 
traces.
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Only the activated signals will be displayed.

The information about the “Ethernet version” can be found in the “Device info” 
menu.

v Chapter 3.7 “Device info”

Since the paperless recorder is only polled by the Internet browser every 5 se-
conds, it is possible that, for instance, the PCC data transfer software takes 
over control of the paperless recorder during this interval. After securing the da-
ta, PCC will end access to the recorder, so that the Internet browser can read 
out data again.

Display of ... Activated through menu ...

Device name Configuration - Instrument data - Device name

Analog or math channels Configuration - Recording - Analog channels

Counters or integrators Configuration - Counter/integrator

Event traces Configuration - Recording - Event traces

H Only 1 PC (client) at a time can access the device (server) via the 
Ethernet interface.
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3 Operation and visualization

After starting up the paperless recorder by switching on the supply (power
ON), you will see the start logo (company logo).

During screen build-up, the recorder is initialized with the data of the last
configuration.

 

H After the initialization phase, the measurement diagram 
(visualization level) is displayed.

H By using the setup program, an individual start logo (bitmap with a 
maximum of 16 colors) can be loaded into the instrument, through 
the function Extras  Start screen.
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3.1 Basic menu
The basic menu  is the central point from which the various instrument levels
branch out.

The following levels are available:

v Chapter 3.2 “Visualization”

v Chapter 3.3 “Parameterization”

v Chapter 3.4 “Configuration”

v Chapter 3.5 “Event list”

v Chapter 3.6 “CompactFlash card”

v Chapter 3.7 “Device info”

The basic menu is displayed after pressing the Mkey1.

1 Not from the configuration level, 
if a parameter has already been modified there.

h Select the required level

h Enter selection with E
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3.2 Visualization
As already mentioned in Chapter 2.2 “Operating principle and graphic
elements”, the softkeys are arranged at the bottom of the screen. They change
their function according to the menu and are shown as symbols or plain text. 

If the paperless recorder is equipped with “Counters/Integrators” (extra code),
the symbol for indicating the counts will now appear below the softkey on the
right, the symbol for showing the event list is shifted to the counter display.

Evaluation of the stored 
measurement data (history)

Hide function keys (softkeys)

Alter signal type (representation) 
- analog inputs
- analog inputs and 

event traces

Alter channel representation (header)
- diagram representation with digital display (small
   measurements)
- diagram representation with scaling
- diagram representation with bar graph
- large digital display (large measurements)
- diagram representation (header switched off)

Show event 
list

Show counters / integrators / operating
time counters
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3.2.1 Diagram representation with digital display (small measurements)

Diagram representation can be reached from the basic menu, by calling up the
“Visualization” menu or by pressing the D key.

By using the parameter Parameterization ➔ Diagram view ➔ Signal type (or
the  button), it is possible to select whether, in addition to the
analog channels, the event traces are to be displayed as well. The contents of
the header are determined by means of the parameter Parameterization ➔

Diagram view ➔ Channel representation (or the  button). 

- current measurements of the analog inputs, including dimensional unit
- measurement on a red background  out of limit
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3.2.2 Diagram representation with scaling

Which scaling (on which channel) is to be displayed can be selected through
the parameter Parameterization ➔ Diagram view ➔ Channel indication.

3.2.3 Diagram representation with bar graph

Use the parameter Parameterization ➔ Diagram view ➔ Channel indication to
select which bar graph (from which channel) is to be displayed.

Scaling start of the selected channel

Lower limit index of the selected channel
(no display when alarm is off)

Upper limit index
(no display when alarm 
is off)

Current measurement

Channel name

Scaling end
of the selected channel

Scaling start of the selected channel

Lower limit index of the selected channel
(no display when alarm is off)

Upper limit index
(no display when alarm 
is off)

Scaling end
of the selected channel

Current measurement

Channel name
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3.2.4 Large digital display (large measurements)

This display type is limited to the digital display.

If more than 6 signals are active (for instance,  6 analog inputs and 3 math
channels), the  button is switched into the display. It can be used
to switch between the individual signals.

 - recorded analog channels (channels selected through the parameter 
Configuration  Recording  Analog channels)

 - all analog inputs

 - all math channels
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3.2.5 Curve representation (header switched off)

This display type is limited to the curve display.
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3.2.6 Evaluation of the stored measurement data

History The softkey function changes during evaluation. In addition, the current zoom
factor and cursor position (date and time) will be shown.

Scroll operation

Using these softkeys, the measurement data display can be scrolled (shifted)
on the screen within the measurement data stored in the internal memory.

H Measurement acquisition remains active during history 
representation. 

Cursor (violet) Current zoom
(magnification)

Scroll forwards fast
(one screen)

Scroll forwards slowly (one pixel line)

History 
activated

Switch to
softkey functions
Zoom/Search

Date and time of measurements at 
the cursor position

Scroll backwards slowly (one pixel line)

Scroll backwards fast (one screen)

Measurement at the 
cursor position
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Zoom If the zoom factor has to be adjusted, or specific times have to be searched,
then it is necessary to switch the softkey functions.

h Press softkey

The degree of compression of the measurement data on the screen is given as
a ratio in steps (1:1, 1:2, 1:5, 1:10, 1:20, 1:50 and 1:100). 

For instance, a ratio of 1:100 means that 1 screen pixel corresponds to 100
measurements, i.e. only every hundreth stored measurement is displayed.

A Scrolling backwards within the internally stored measurement data 
is possible up to the last changeover from summer time to normal 
time.

Cursor (violet)

Zoom +

Position cursor on time (selectable)  

Switch to 
softkey 
function 
“Scroll”

Only for peak-value acquisition:
switch channel line between MIN 
and MAX display

Zoom -
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Cursor
positioning

After activating the button, the following dialog appears for positioning the
cursor on a specific time: 

After entering the date and time and activating , the cursor is
positioned on the selected time. 

If no measurement data have been stored for the selected time, then the
cursor is positioned on the next possible time.

Peak-value 
acquisition

If the data have been recorded in the “peak value” mode, then two different
measurements (one minimum and one maximum value) may be displayed
graphically for one instant of time (storage cycle). Using the  key,
it is possible to switch between minimum and maximum value display within
the “measurement” display mode.

Peak value acquisition is programmed (activated) through the parameters:

- Configuration ➔ Measurement storage ➔ Normal display ➔ Stored value

- Configuration ➔ Measurement storage ➔ Event operation ➔ Stored value

- Configuration ➔ Measurement storage ➔ Timed operation ➔ Stored value

For further information about the “measurement” display mode, see Chapter
3.2.1 “Diagram representation with digital display (small measurements)” and
Chapter 3.2.4 “Large digital display (large measurements)”.

Function key Channel line

Minimum

Maximum
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3.2.7 Counters / integrators / operating time

Count display is optionally available (extra code). If it is available, a screen
such as the following will appear after the softkey has been pressed, in which
the current counts are shown in a numerical form.    

Press the softkey to activate the expanded representation.

Show curvesExpanded representation

Programmed
alarm limit

was exceeded Overrange
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Expanded 
representation

Normal representation Event list
see

Chapter 3.5
“Event list”

Current count
Concluded reporting period

Show next concluded
reporting period

The last 7 concluded reporting periods can be
shown, one after another, by pressing the key.
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3.3 Parameterization

The Parameter level is available to set

- contrast,

- speed indication

- display off

- diagram view and

- counter/integrator reset.

Contrast The contrast of the screen can be set here. This ensures that the screen is
always highly legible, even under difficult light conditions.

Speed 
indication

“mm/h”, “time/div” or “storage cycle” is selected here for the speed display in
the diagram.

Example: a diagram speed of 1hr/div correspond to approx. 22mm/hr.

H All parameters are selected using the  and 
 or  and   keys.
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Display off 
(screen saving)

Switch-off event = waiting time

For screen saving, a time between 0 and 32,767min can be set under the
parameter “Waiting time”. If no key on the recorder is operated during this
time, then the screen goes dark. The power LED blinks during screen saving.
Screen saving can be canceled by pressing any key on the recorder.

If 0min is set, then screen saving is deactivated.

Switch-off event = control signal

In this case, screen saving is performed through one binary input (extra code)
or a different control signal. The binary input is selected via the parameter
“Control signal”.

As long as the signal is present, the screen remains switched off. A waiting
time is not allowed for.

Screen saving is deactivated when “Off” is selected.

Diagram view Diagram view ➔ Signal type

The representation mode of the measurements and event traces are
determined here:

- analog inputs

- analog inputs and event traces.

Diagram view ➔ Channel representation

The contents of the channel bar is selected here:

- small measuremenst

- scaling

- bar graph

- large measurements

- switched off.

Diagram view ➔ Channel indication

The channels which are displayed in the channel line, in the representation
mode “Small measurement“ “Scaling” and “Bar graph” are selected here.

Diagram view ➔ Paper perforations

This can only be selected if only the analog channels and no event traces are
displayed. When Yes is set, paper perforations appear in the diagram, thus
giving the picture the appearance of a conventional chart recorder.

H Only one type of screen saving can be active at any time. 
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Counter/
integrator
reset

After the password has been successfully entered, the counts for each of the 6
channels can be set to 0 or a defined value in this menu. 

When a value has been entered (confirm with the E key), a message with
the new and old count is entered in the event list. The time period for the
counter/integrator summation will not be restarted. The previous counter/
integrator values will also not be saved. If you wish to do so, you have to carry
out Update CF card incl. counters in the CompactFlash card menu before
resetting. 

In this way, the recording can be freshly started for counters/integrators, e.g.
after the test run of an installation. The test run values that are not required will
be eliminated in the process.

You can select a password that is different from that for accessing the
configuration. The default value is also 09200. 

The password can be set in the menu Configuration ➔ Device data ➔ Code
No. (password) ➔ Reset counter/int.
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3.4 Configuration
When you call up the configuration level, you will be asked to enter the
password (factory setting: 09200). This also serves to prevent unauthorized
alteration of the configuration.

After entering the password, a warning appears, which must be
acknowledged with the E key.

v Chapter 3.10 “Code number (password query)”

Window 
technology

As for the other levels, the configuration principle is also based on menu-led
window technology. Individual menu items can be selected in the windows.
The window title describes the contents of the window.

If a menu item is selected, a further window is opened with new menu items,
until the required parameter is finally reached. If several windows are open, the
window title assists in orientation.

Window title

Parameter is inhibited

Parameter can be selected/edited
Current setting

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 824 of 2133



47

3 Operation and visualization

The configuration of the recorder is sub-divided into the following levels:

v Chapter 4 “Configuration parameters”

3.5 Event list

Events Various events can initiate texts which are incorporated in the event list and
saved to the internal memory or CF card. Events may include:

- alarms triggered by out-of-limit conditions on individual channels,

- external texts triggered through binary inputs or logic channels,

- system messages (e.g. power ON/OFF, summer/winter time changeover),

- count-up of a counter,

- any message text of up to 20 characters that was transmitted to the device 
via one of the interfaces.

Event
definition

For all events, except for system messages, it is possible to configure
whether:

- the message text is to be included in the event list,

- the device-internal standard text

- or one of the texts (see below) is used.

Text 
assignment

The texts (standard texts or 18 freely definable texts) are assigned to events at
the operating level “Configuration” (v Chapter 4 “Configuration parameters”).

Freely definable 
texts

18 texts can be freely defined, up to a length of 20 characters.
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Standard texts The recorder offers standard texts as listed in the following table:

Supplementary 
text

The recorder automatically supplements the texts by “ON” or “OFF” in order to
distinguish between the appearance and disappearance of the signal.

Example:

Standard text Comment

Channelx low alarm ON
Channelx low alarm OFF
Channelx high alarm ON
Channelx high alarm OFF
Counter/int. alarm x ON
Counter/int. alarm x OFF
Binary input y ON
Binary input y OFF
Logic channel y ON
Logic channel y OFF

x = channel number

y = input number

Counter x: y x = counter channel number

y = counter value (9 digits)

Power ON
Power OFF
Data lost
Summer time start
Summer time end
New configuration
Counter/int. x reset from y to z

x = counter/int. channel number

y = old counter/int.value (9 digits)

z = new counter/int. value (9 digits)

“Text 1 — 18” 18 freely definable texts 
with 20 characters each

Standard text Supplementary 
text

Entry in event list

Binary input 2 ON Binary input 2 ON

Binary input 2 OFF Binary input 2 OFF
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Basic menu ➔
Event list

The event list is called up via the basic menu:

Event list

h Select operating level Event list

h Enter selection with E

jump back directly into diagram presentation
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3.6 CompactFlash card

Automatic 
storage of 
measurement 
data

The data stored in the measurement data memory (FLASH) of the paperless
recorder are saved at regular intervals to the CompactFlash card1 in the
instrument. The PC evaluation program (v Chapter 7 “PC programs”) reads
the data from the CF card and provides user-friendly functions for evaluation.

Loading and 
saving the 
configuration 
data

The configuration data can be downloaded from the CF card and saved to the
CF card. A configuration can thus be copied from one instrument to another,
or it can be transferred from and to the PC setup program.

Basic menu ➔
CompactFlash
card

The CompactFlash menu is called up via the basic menu:

The functions
- Update CF incl. counters ...,
- Compl. meas. data ➔ CF,
- Config. data ➔ CF card and
- CF card  ➔ Config. data
are protected against unauthorized access by a password query (factory
setting: 09200).

1 PC Card access made available by CSM FAT File System
Copyright © 1997-2002 CSM GmbH Filderstadt, Germany

A Only one configuration file can be saved to the CF card at any 
time. If there is a configuration on a CF card, this will be 
overwritten without any further query through the function 
CompactFlash card ➔ Config. data➔CF card.

h Select operating level CompactFlash card

h Enter selection with E
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CompactFlash
card

H The function CF card  Update reads out data that have not been 
read out yet. After read-out, the data are marked as read in the 
recorder.
The function Total meas. data  CF card reads all the data from 
the internal memory, including those that had already been read 
out.

Residual capacity of CF card in percent

Background flashes on error (e. g. “CF
card full”, “no CF card”,

or in the event of a memory alarm

Start action

The configuration data are read from the CF card

The configuration data are written to the CF card

All measurement data in the memory are written to CF card

Measurement data not yet saved are written to the CF card.

Select action

Counter/integrator reporting periods are concluded and 
written to the CF card, together with the measurement data 
not yet saved. Counters/integrators are reset (to 0) and 
restarted.
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Status 
messages

Status messages from the CompactFlash manager are shown in the
corresponding action window. The following status messages are possible:

Status message Description

CF CARD UPDATED Directly before removing the CF card from the 
instrument, it is necessary to call up Update CF 
card so that all measurement data up to the time 
of removal are contained on the CF card. The data 
not yet stored since the last automatic saving are 
written to the CF card.

NO CF CARD If there is no CF card in the instrument, the CF 
card symbol flashes in the status line.

CF CARD FAULT An error has occurred while writing to the CF card. 
The CF card is faulty.
Remedy: 
Insert new (FAT16-formatted) CF card.

CF CARD FULL If the CF card is full, the CF card symbol flashes in 
the status line. No more data will be written to the 
CF card.
Remedy: 
Insert a blank CF card before the measurement 
data memory of the recorder is also full. If this is 
not done, measurement data will be lost.

NO CONFIG. FILE ON CF An attempt was made to read a configuration from 
the CF card, but there is no suitable configuration 
file on the CF card.
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3.7 Device info

The device info window displays general information about the instrument. It
also includes the errors “Battery empty” and “Data lost”. If one of the
instrument errors occur, the info symbol flashes in the status line.

Basic menu ➔
Device info

The device info is called up from the basic menu:

Device info

h Select operating level Device info

h Enter selection with E
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- This menu also includes the version number (e.g. 208.01.04). This is the 
version number of the device software. It is important because some 
functions are only available from a certain version number onwards.

- If the “Digital I/O option” is available (Yes), then the recorder also includes 
an RS232/RS485 interface.

- If the Ethernet interface is available, then the field “Vers. No. Ethernet” 
includes a number combination (e.g. 183.02.02). If this option is not 
available, the field is filled with “-”.

Error The following errors may occur:

Error Description

none no error in instrument

Data lost A discharge of the battery or storage capacitor 
occurred during the last lengthy power 
interruption.

The clock was set to 01.01.00 00:00:00.

Remedy: 
Reset the time (v Chapter 4.2.2 “Configuration - 
Instrument (device) data”) and use a new 
CF card for data storage.

Battery empty This message appears on instruments with a 
lithium battery, when the time was reset after a 
loss of data but the battery is still empty 

Please return the instrument to the supplier for a 
change of battery.

H Data may be lost after separating the instrument from the supply: 
after more than 10 years (on instruments with a lithium battery) or 
after approx. 2 weeks (at ambient temperature 15 to 25°C) with a 
storage capacitor.
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3.8 Text entry

Entry options The configurable texts can be entered either through the setup program or on
the instrument itself. This section describes the entry on the instrument.

Character 
selection

The display below is shown when a text (e. g. Configuration ➔ Texts) has been
selected at the configuration level for editing using E.

After the character to be altered has been selected and the switch made to
character set matrix, the cursor is positioned on the current character in the
character set matrix.

Character entry The softkeys change their function, as can be seen from the picture below:

After the entire text has been entered, it can either be accepted or all
alterations canceled.

h Enter text with E

or

h cancel text entry with D

Switch to character set matrix

Select the character to be altered using the softkeys

Accept character

Select new character
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3.9 Entering values
The softkeys are also used to enter values in the instrument – the example
shows fine calibration being carried out.

The entry can be concluded with E or canceled with D.

H The sign can only be altered if the value is not “0”. This means that 
you cannot start the value entry with an alteration of the sign if the 
current value is “0”.

Increase (+1) or 
decrease (-1) selected 
digit or change the sign

Select the digit to 
be altered Alter the number 

of decimal places
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3.10 Code number (password query)
The following functions are protected ex-factory against unauthorized access
by a password query:

- the Configuration menu

- parts of the CompactFlash card menu

- the Parameterization ➔ Reset counter / int. menu.

The factory default setting for the passwords is 09200. 

You can also use a password to secure access to the recorder via one of the
interfaces (with the exception of the setup interface). However, the factory
default setting here is 0 (no password query). If you enter a value other than 0,
please take into account that this number must also be sent to the recorder by
an attached communications program.  

All passwords can be programmed differently (see Chapter 4.2.2
“Configuration - Instrument (device) data”). 

Password query

When you have finished the entry (e.g. +09200), use the E key to confirm
it. Use D if you want to cancel the password query and quit the menu.

H Further information about the password query for the interfaces 
can be found in the Interface description B 70.6510.2.0.

Increase (+1) or 
decrease (-1) selected 
digit

Select the digit to 
be altered
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Password query
in the 
configuration 
menu

After the password has been entered in the Configuration menu, an additional
security query will appear. You will only be able to gain access to the
parameters when you have confirmed the the query with E.
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4 Configuration parameters

4.1 Operating example

1 If required, the code number must be entered here 
(factory setting: 09200)

2 Cancel entry; the old settings are retained
3 Accept entry
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4.2 Table of configuration parameters
The table below lists all the instrument parameters. The order in which the
parameters are explained corresponds to the order in which they appear on
the instrument (in the menu structure).

The first column describes the path to the particular parameter, via the menus
and windows.

The second column lists the possible settings for the parameters or the
possible selections. The factory default setting in this column is shown bold.

The third column contains a description of the parameter, or the possible
selections, if the parameter and its function or selection is not self-evident.

4.2.1 Parameterization

   Parameter Value/Selection Description

Contrast Parameterization
➔Contrast

0 — 16 — 31 Display contrast

Speed indication Parameterization
➔Speed indic. mode

in mm/h, 
time/div,
storage rate

The selected display mode 
is shown in the diagram 
representation

Switch-off event Parameterization
➔Display off

➔ Switch-off event

Waiting time,
Cntrl signal

The type of display 
switch-off (screen saving) 
is selected here

Waiting time Parameterization
➔Display off

➔ Waiting time

0 — 32767min Time after which the 
display is switched off. Any 
key stroke will re-activate 
the display. The parameter 
can only be entered if the 
parameter Switch-off event 
is set to “Waiting time”. 
0 = display not off

Control signal Parameterization
➔Display off

➔ Ctrl signal

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

If one of the 4 binary inputs 
(extra code) or one of the 
other control signals is set 
to “off” and activated, then 
the display will be switched 
off. The parameter can only 
be entered if the parameter 
Switch-off event is set to 
“Control signal”.

Signal type Parameterization
➔Diagram view

➔ Signal type

Analog inp.,
Analog&Event

This determines which 
measurements are 
graphically displayed 
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Channel 
representation

Parameterization
➔Diagram view

➔ Chan. represent.

Meas. small,
Scaling
Bar graph
Meas. large,
Off

This determines the 
contents of the channel 
line (header)

Channel indication Parameterization
➔Diagram view

➔ Channel indication
➔ Channel 1 — 6

Yes, 
No

“Yes” means that the 
selected channels are 
shown in the header

Paper perforations Parameterization
➔Diagram view

➔ Paper perforations

No, 
Yes

“Yes” means that paper 
perforations are shown 
within the graphic display, 
on the left and right 
margins of the screen.
Paper perforations can 
only be activated and 
shown if no event traces 
have been selected (signal 
type = analog input)

Counter/int. reset Parameterization
➔Reset counter/int.

➔ Channel 1 — 6

-999999999 to 0 to
+999999999

The start value for the 
counter or integrator can 
be entered here. The 
current value is not saved. 
Count changes are 
documented in the event 
list.
v Chapter 3.3 

“Parameterization”

If the password query 
is active (password “Reset 
counter/int.” > 0), the start 
values can only be set if 
the password has been 
entered correctly.

   Parameter Value/Selection Description
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4.2.2 Configuration - Instrument (device) data

   Parameter Value/Selection Description

Device name Configuration
➔Device data

➔ Device name

16 characters

Date Configuration
➔Device data

➔ Date and time
➔ Date

any date Entry of the current
date

Time Configuration
➔Device data

➔ Date and time
➔ Time

any time Entry of the current 
time

Time
synchronization

Configuration
➔Device data

➔ Date and time
➔ Time

synchroniz.

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

With the help of this 
parameter (function), the 
system clocks of several 
paperless recoders can be 
simultaneously 
synchronized.
When a binary input has 
been selected and is 
activated (transition from 
“Low” to “High”), then the 
time can be synchronized. 
The seconds are decisive 
in the time change. They 
are used for rounding the 
time up or down.
Example:

     12:55:29  ->  12:55:00
     12:55:30  ->  12:56:00

Summer time
(switch)

Configuration
➔Device data

➔ Summer time
➔ Switch

Off, 
User timed,
Automatic

Automatic:
2:00 hrs or 3:00 hrs on the 
last Sunday in March or 
October

Summer time
(start date)

Configuration
➔Device data

➔ Summer time
➔ Start date

any date Can only be set if 
switch is set 
to user timed

Summer time
(start time)

Configuration
➔Device data

➔ Summer time
➔ Start time

any time Can only be set if 
switch is set 
to user timed

Summer time
(end date)

Configuration
➔Device data

➔ Summer time
➔ End date

any date Can only be set if 
switch is set 
to user timed

Summer time
(end time)

Configuration
➔Device data

➔ Summer time
➔ End time

any time Can only be set if 
switch is set 
to user timed
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Language Configuration
➔Device data

➔ Language

German, English, French, 
Dutch, Spanish, Italian, 
Hungarian, Czech, 
Swedish, Polish, Danish, 
Finnish, Portuguese, 
Russian

Temperature unit Configuration
➔Device data

➔ Temperature unit

°C, °F

Memory upload Configuration
➔Device data

➔ Memory upload

via CF card,
via RSxxx

You can determine how 
data are mainly to be 
uploaded. The value for the 
available capacity (shown 
in the status line) will vary 
according to the selection.

Memory alarm Configuration
➔Device data

➔ Memory alarm

0 — 10 — 100% The signals 
“IntMemAlmCF”, 
“IntMemAlmInterf” and 
“MemAlmCFcard” are 
activated when the residual 
capacity of the internal 
memory or the CF card has 
fallen to this value. Chapter 
2.4 “Digital signals (event 
traces)”

Code number for
the configuration

Configuration
➔Device data

➔ Code No. (password)
➔ Configuration

00000 — 09200 — 09999 Code number for 
configuration level;
0000 = off
The data saved in the 
FLASH memory will be 
deleted when the 
configuration is changed.

Code number:
CompactFlash
card menu
(CF code No.)

Configuration
➔Device data

➔ Code No. (password)
➔ CF manager

00000 — 09200 — 09999 Code number for 
menu functions 
CompactFlash card; 
0000 = off

Code number:
Reset counter/int.

Configuration
➔Device data

➔ Code No. (password)
➔ Reset counter/int.

00000 — 09200 — 09999 Code number to delete 
individual counts;
0000 = off

Code number:
RS232/RS485 +
Ethernet

Configuration
➔Device data

➔ Code No. (password)
➔ RS232/RS485+

Ethernet

00000 — 09999 Code number as 
protection against 
unauthorized access to 
data via one of the 
interfaces;
0000 = off

Factory setting Configuration
➔Device data

➔ Enter defaults

No, Yes Yes = enter factory default 
setting (after entry, the 
parameter automatically 
returns to No)

   Parameter Value/Selection Description
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4.2.3 Configuration - Analog inputs

Enable options Configuration
➔Device data

➔ Enable options

This parameter is used to 
enable additional 
functions, e.g. the math/
logic module and counter/
integrator. The parameter 
will not be available if all 
the recorder functions have 
been enabled.

Enable options:
Computed code 
No.

Configuration
➔Device data

➔ Enable options
➔ Computed 

code No.

(display a code No.) The value that is shown 
here must be passed on to 
the manufacturer. The 
manufacturer will then 
send you the release code.

Enable options:
Authorization code

Configuration
➔Device data

➔ Enable options
➔ Authorization

code

Authorization code 
entry

Enter the authorization 
code (release code) you 
received here.

Device-info text In the setup program, the parameter Configuration level  Device data can be used 
to enter a device-Info text (max. 500 characters). The text is saved together with the 
measurement data, and can be displayed in the PCA3000 evaluation software. The 
text will not be shown on the instrument.

   Parameter Value/Selection Description

Sensor Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Sensor

Off, 
RTD, 
Thermocouple, 
Current, 
Voltage

Depending on the sensor 
that was selected, only the 
relevant parameters can be 
selected when configuring 
the analog input.

Linearization Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Linearization

Linear, Pt100, Pt100 JIS, 
Pt100 GOST, Pt500, 
Pt1000, Pt50, Ni100, 
Cu50, Cu100, Fe-Con J, 
NiCr-Con E, NiCr-Ni K,  
NiCrSi N, Cu-Con T, 
PtRh-PtRh B, 
PtRh-Pt R, PtRh-Pt S, 
Cu-Con U, Fe-Con L, 
W3W25Re D, 
W5W26Re C, 
ChromelCopel

Connection circuit Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Connection circuit

2 — 4 wire Only for sensor type: 
resistance thermometer

Cold junction Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Cold junction

Intern.Pt100 
Extern. const

   Parameter Value/Selection Description
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External
cold junction
temperature

Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Ext. CJ temp.

-50  to +150°C External cold junction 
temperature for 
thermocouples

Range
start

Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Range start

any value

0mA

Range
end

Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Range end

any value

20mA

Start temperature Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Start

temperature

any value Only for sensor: current or 
voltage with linearization, 
resistance thermometer, 
thermocouple.
Only for signals that have 
not yet been linearized.

End temperature Configuration
➔Analog inputs

➔ Analog input 1—6
➔ End temperature

any value Only for sensor: current or 
voltage with linearization,  
resistance thermometer, 
thermocouple.
Only for signals that have 
not yet been linearized.

Scaling start Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Scaling start

-99999 to 0 to +99999

Scaling end Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Scaling end

-99999 to +100 to +99999

Filter constant Configuration
➔Analog inputs

➔ Analog input 1—6
➔ Filter constant

0.0 — 0.1 — 10.0s

   Parameter Value/Selection Description
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4.2.4 Configuration - Math channels

4.2.5 Configuration - Counter/integrator (extra code)

   Parameter Value/Selection Description

Scaling start Configuration
➔Math channels

➔ Math channel 1 — 6
➔ Scaling start

-99999 to 0 to +99999 Scaling start of a math 
channel. 
The setup progam is used 
to determine what is 
involved in a math channel.

Scaling end Configuration
➔Math channels

➔ Math channel 1 — 6
➔ Scaling end

-99999 to +100 to +99999 Scaling end of a math 
channel. 
The setup progam is used 
to determine what is 
involved in a math channel.

   Parameter Value/Selection Description

Channel Configuration
➔Counter/integrator

➔ Counter/int.chans.

1 — 6 Select channel for which 
the subsequent 
parameters are to be 
configured.

Function Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Function

Off, 
Counter
Integrator,
Oper.time

First select the required 
function.
v Chapter 2.5 “Counters / 

integrators / operating 
time counter”

Type Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Type

Periodic,
External,
Daily, 
Weekly,
Monthly,
Aearly,
Total,
DailyFrom-To

Reporting period.
Select here when the count 
value is to be stored and 
reset.

Input signal Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel — 6

➔ Input signal

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

The parameter can only be 
programmed if “Counter” 
or “Operating time” has 
been selected under 
Function.
Please select which event 
is to be counted.
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Input signal Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Input signal

Analog inp. 1 — 3(6),
Math channel 1 — 6

The parameter can only be 
programmed if “Integrator” 
has been selected under 
Function.
Please select which input 
is to be integrated.

Weighting Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Weighting

-99999 to +1 to +99999 Select the weighting factor 
here. 
If, for instance, 0.001 is 
entered, then a conversion 
can be achieved from liter/
sec to m³. If a negative 
weighting factor is entered 
(e.g. -1), the counter will 
count down.

Time base Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Time base

Second, 
Minute,
Hour,
Day

The parameter can only be 
programmed if “Integrator” 
or “Operating time” has 
been selected under 
Function.
Integrator:
Select the time base for 
integrating the selected 
channel (second, for 
example, if your sensor 
generates a signal in liters/
second).
Operating time:
Select the unit used for 
counting the time.

Threshold value Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Threshold 
value

0 — 99999 The parameter can only be 
programmed if “Integrator” 
has been selected under 
Function.
Enter the threshold value 
that has to be exceeded 
for integration to proceed.

Channel name 
(line 1)

Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Channel name 

12 characters 

Counter/int.

The text that has been 
entered appears together 
with line 2 and the current 
count on the recorder 
screen (visualization and 
event list).
v Chapter 3.2.7 

“Counters / integrators / 
operating time”

Channel name 
(line 2)

Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Channel name 

12 characters 

Channel 1 — 6

The text that has been 
entered appears together 
with line 1 and the current 
count on the recorder 
screen (visualization and 
event list).

   Parameter Value/Selection Description
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Unit Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Unit

5 characters Enter the unit which is 
displayed on the recorder 
screen, together with the 
entered text and the 
current count.

Decimal place Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Decimal place

Automatic, 
X.XXXX, XX.XXX, 
XXX.XX, XXXX.X, 
XXXXX.

Specify the decimal place 
for displaying the count on 
the recorder screen.

Counter text Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Counter text

Standard text,
Text 1 — 18,
No text

The text selected here will 
appear in the status line 
and the event list if the 
counter is incremented 
(decremented). 

Alarm Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Alarm
➔ Alarm

Off,
Activated

Limit value Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Alarm
➔ Limit

-99999 to 100 to +99999 An alarm is triggered when 
the limit is infringed. Using 
the parameter Weighting, it 
is possible to differentiate 
between going above or 
below the limit (positive 
weighting factor = alarm on 
going above the limit) 

Alarm text Configuration
➔Counter/integrator

➔ Counter/int.chans.
➔ Channel 1 — 6

➔ Alarm
➔ Alarm text

Standard text, 
Text 1 — 18,
No text

On going above/below the 
limit, the text selected here 
will appear in the status 
line and the event list. 

Synchroniz.
time

Configuration
➔Counter/integrator

➔ Synchronizat. time

any time 
(00:00:00)

Please enter the time at 
which the daily, weekly, 
monthly or yearly counter/
integrator value is to be 
saved.

Period Configuration
➔Counter/integrator

➔ Period

1min, 2min, 3min, 4min, 
5min, 10min, 15min, 
30min, 1h, 2h, 3h, 4h, 6h, 
8h, 12h

Only programmable, if the 
parameter Type is set to 
“periodic” on at least one 
counter/integrator. 
The counter/integrator 
values are saved at the 
selected interval.

   Parameter Value/Selection Description
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Ext. Ctrl signal Configuration
➔Counter/integrator

➔ Ext. ctrl signal

Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

Only programmable, if the 
parameter Type is set to 
“external” on at least one 
counter/integrator. 
Summation of the counter/
integrator values will only 
take place if the selected 
digital signal is set to “1”. 
When changing to “0”, the 
values will be saved and 
reset.

Weekday Configuration
➔Counter/integrator

➔ Weekday

Monday,
Tuesday, 
Wednesday,
Thursday, 
Friday,
Saturday,
Sunday

Only programmable, if the 
parameter Type is set to 
“Weekly” on at least one 
counter/integrator. 
The counter/integrator 
values are saved on the 
selected day on reaching 
the synchronizing time.

Daily start time Configuration
➔Counter/integrator

➔ Daily start time

any time 
(06:00:00)

Only programmable, if the 
parameter Type is set to 
“Daily from-to” on at least 
one counter/integrator. 

Daily end time Configuration
➔Counter/integrator

➔ Daily end time

any time 
(18:00:00)

Only programmable, if the 
parameter Type is set to 
“Daily from-to” on at least 
one counter/integrator. 

Generate reset Configuration
➔Counter/integrator

➔ Generate reset

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low com.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

Here you can determine 
the event which will reset 
all counter and integrator 
counts (without saving). 
v Page 19 

“External reset”

   Parameter Value/Selection Description
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4.2.6 Configuration - Recording

   Parameter Value/Selection Description

Analog channels

Input signal Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Input signal

Analog input 1 — 6,
Math channel 1 — 6

Select which channel is to 
be recorded (stored).

Channel name Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Channel name

16 characters
Analog channel 1 — 6

The channel name is 
shown in the channel line 
(header) for bar graph and 
scaling.

Unit Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Unit

5 characters

%

Decimal place Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Decimal place

Automatic, 
X.XXXX, XX.XXX, 
XXX.XX, XXXX.X, 
XXXXX.

Automatic: representation 
with maximum resolution

Line width Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Line width

Thin,
Thick

Line width of the 
measurement curve within 
the graphical display

Alarm Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Alarm

➔ Alarm

Off,
Activated

Low limit Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Alarm

➔ Low limit

-99999 to 0 to +99999

High limit Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Alarm

➔ High limit

-99999 to 0 to +99999
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Differential Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Alarm

➔ Differential

-99999 to 0 to +99999

(1) = Low limit
(2) = High limit
(3) = Differential

Text Low alarm Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Alarm

➔ Text
Low alarm

Standard text, 
Text 1 — 18,
No text

v Chapter 3.5 “Event list”

v Configuration ➔ Texts, 
Page 74

Text High alarm Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Alarms

➔ Text
High alarm

Standard text, 
Text 1 — 18, 
No text

Alarm delay Configuration
➔ Recording
➔Analog channels

➔ Analog channel 1 — 6
➔ Alarms

➔ Alarm delay

0 — 32767s Alarm delay is activated at 
a value > 0.
When activated, an alarm 
will only be generated 
when it has been present 
for at least as long as it 
takes for the set time to 
elapse.

   Parameter Value/Selection Description
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Event traces

Input signal Configuration
➔ Recording
➔Event traces

➔ Event traces 1 — 6
➔ Input signal

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

The event (digital signal) 
which is to be recorded is 
assigned to an event trace 
here.

Event traces 5 and 6 are 
switched off in the factory 
setting.

Trace designation Configuration
➔ Recording
➔Event traces

➔ Event traces 1 — 4
➔ Trace design.

7 characters

BE 1 — 4

Operating modes

Memory status:
Normal operation

Configuration
➔ Recording

➔ Normal operation
➔ Memory status

Off, 
On

Stored value:
Normal operation

Configuration
➔ Recording

➔ Normal operation
➔ Stored value

Average val., 
Instant val.,
Minimum, 
Maximum,
Peak value

v Chapter 2.7 “Operating 
modes”
Chapter 2.8 “Storing 
data”

Storage cycle:
Normal operation

Configuration
➔ Recording

➔ Normal operation
➔ Storage cycle

1 — 60 — 32767s v Chapter 2.7 “Operating 
modes”
Chapter 2.8 “Storing 
data”

Start time:
Timed operation

Configuration
➔ Recording

➔ Timed operation
➔ Start time

any time Off when 
Start time = End time 

End time:
Timed operation

Configuration
➔ Recording

➔ Timed operation
➔ End time

any time

Stored value:
Timed operation

Configuration
➔ Recording

➔ Timed operation
➔ Stored value

Average val., 
Instant val., 
Minimum, 
Maximum,
Peak value

v Chapter 2.7 “Operating 
modes”
Chapter 2.8 “Storing 
data”

   Parameter Value/Selection Description
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4.2.7 Configuration - Outputs (extra code)

Storage cycle:
Timed operation

Configuration
➔ Recording

➔ Timed operation
➔ Storage cycle

1 — 5 — 32767s v Chapter 2.7 “Operating 
modes”
Chapter 2.8 “Storing 
data”

Control signal:
Event operation

Configuration
➔ Recording

➔ Event operation
➔ Control signal

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

If the configured signal is 
active, the instrument will 
switch to event operation.

Stored value:
Event operation

Configuration
➔ Recording

➔ Event operation
➔ Stored value

Average val., 
Instant val.,
Minimum, 
Maximum,
Peak value

v Chapter 2.7 “Operating 
modes”
Chapter 2.8 “Storing 
data”

Storage cycle:
Event operation

Configuration
➔ Recording

➔ Event operation
➔ Storage cycle

1 — 5 — 32767s v Chapter 2.7 “Operating 
modes”
Chapter 2.8 “Storing 
data”

   Parameter Value/Selection Description

Action of
outputs

Configuration
➔Outputs

➔ Relay K1 — K3,
➔ Action

Off, 
make (SPST-NO), 
break (SPST-NC)

As standard, relay K1 is 
configured as break (SPST-
NO), K2 and K3 are 
inactive. 

Control signal:
Outputs

Configuration
➔Outputs

➔ Relay K1 — K3,
➔ Control signal

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag

The configured signal is 
output to the relay. 
The default setting for K1 is 
Error.

   Parameter Value/Selection Description
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4.2.8 Configuration - Control functions

4.2.9 Configuration - Texts

   Parameter Value/Selection Description

External texts:
Binary input 1 — 4

Configuration
➔Control functions

➔ External texts
➔ Binary input

1 … 4

Standard text, 
Text 1 — 18, 
No text

v Chapter 3.5 “Event list”

v Chapter 4.2.9 
“Configuration - Texts”

External texts:
Logic channel 
1 — 6

Configuration
➔Control functions

➔ External texts
➔ Logic channel

1 — 6

Standard text, 
Text 1 — 18, 
No text

Can only be used if the 
“Math/logic module” 
option is available. 
v Chapter 3.5 “Event list”

v Chapter 4.2.9 
“Configuration - Texts”

Key inhibit Configuration
➔Control functions

➔ Key inhibit

Off,
Bin. inp. 1 — 4,
Logic channel 1 — 6,
Low alarm 1 — 6,
Low comb.al.,
High alarm 1 — 6,
High comb.al.,
Count/Int/Al 1 — 6,
C/i. comb.al.,
Comb. alarm, 
CF inserted, 
IntMemAlmCF,
IntMemAlmSer, 
MemAlmCFcard,
Error, Modbus flag,

The keys will be locked as 
soon as the selected 
signal is activated

      Parameter Value/Selection Description

Texts Configuration
➔Texts

➔ Text1 — 18

20 characters

Text 1 — 18
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4.2.10Configuration - Interfaces

   Parameter Value/Selection Description

Serial interface

Interface type Configuration
➔ Interfaces

➔ RS232/RS485
➔ Interface type

RS232,
RS485

Parameters for the serial
interface (extra code)

Protocol Configuration
➔ Interfaces

➔ RS232/RS485
➔ Protocol

MODbus,
Jbus

Baud rate Configuration
➔ Interfaces

➔ RS232/RS485
➔ Baud rate

9600 bps,
19200 bps,
38400 bps

Data format Configuration
➔ Interfaces

➔ RS232/RS485
➔ Data format

8-1-none,
8-1-odd,
8-1-even,
8-2-none

Device address Configuration
➔ Interfaces

➔ RS232/RS485
➔ Device address

1 — 254

Min. response time Configuration
➔ Interfaces

➔ RS232/RS485
➔ Min. response time

0 — 500ms

Ethernet interface

IP address Configuration
➔ Interfaces

➔ Ethernet
➔ IP address

000.000.000.000 …
192.168.000.010 …
255.255.255.255

The IP address for the
recorder is set here.

Subnet mask Configuration
➔ Interfaces

➔ Ethernet
➔ Subnet mask

000.000.000.000 …
255.255.000.000 …
255.255.255.255

The subnet mask is set
here.
Devices are combined into 
subnets through the sub-
net mask. All devices 
whose IP address, when 
AND-linked, is identical to 
the subnet mask, belong to 
one subnet and can thus 
communicate with each 
other.

Gateway Configuration
➔ Interfaces

➔ Ethernet
➔ Gateway

000.000.000.000 …
255.255.255.255

The address for the
standard gateway is set 
here. Devices that do not 
belong to a subnet can 
communicate through the 
standard gateway.
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4.2.11Configuration - Undocumented parameters

4.2.12Configuration - Fine calibration

      Parameter Value/Selection Description

Undocumented
parameter 1 — 40

Configuration
➔Undoc. parameter

➔ Par. 1 — 40

These parameters are 
intended for customer-
specific adaptation.
Alteration to the settings 
may only be carried on the 
express instruction of the 
equipment manufacturer.

   Parameter Value/Selection Description

Calibration status Configuration
➔Fine calibration

➔ Analog input 1 — 6
➔ Calibration status

Off,
On

A calibration (adjustment) 
of the analog 
measurements can be 
activated here. The 
adjustment is carried out 
using a linear equation.

Actual start value Configuration
➔Fine calibration

➔ Analog input 1 — 6
➔ Actual start value

-99999 to 0 to +99999 Start value for 
actual line.
Only active when 
calibration status = On.

Set start value Configuration
➔Fine calibration

➔ Analog input 1 — 6
➔ Set start value

-99999 to 0 to +99999 Start value for 
target line.
Only active when 
calibration status = On.

Actual end value Configuration
➔Fine calibration

➔ Analog input 1 — 6
➔ Actual end value

-99999 to 1000 to +99999 End value for 
actual line.
Only active when 
calibration status = On.

Set end value Configuration
➔Fine calibration

➔ Analog input 1 — 6
➔ Set end value

-99999 to 1000 to +99999 End value for 
target line.
Only active when 
calibration status = On.

H Systematic errors, such as those caused by an unsuitable probe 
mounting, for example, can be compensated through fine 
calibration.

Example:

A sensor covers temperatures from 200 to 300°C. 
It is built into a tunnel oven so unfavorably that it always indicates 
10°C less than the temperature of the oven contents. The incorrect 
measurement can be corrected through fine calibration.

Actual start value : 200°C

Set start value : 210°C

Actual end value : 300°C

Set end value : 310°C
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5 Setup program

The setup program is used for the easy creation of configuration files, and to
configure the instruments from a PC.

5.1 Hardware and software requirements
The following hardware and software requirements have to be met for
installing and operating the setup program:

Minimum 
configuration

- Intel Pentium1 III or higher,

- Microsoft Windows2 NT4.0 (SP6a), 2000 or XP,

- 128Mbyte main memory,

- CD drive,

- mouse,

- one free serial interface or network connection, or CompactFlash memory 
cards (depending on the type of data transmission to the paperless 
recorder), and

- 120Mbyte available on hard disk.

In addition, the following items are required for communication between the
PC and the recorder, such as:

- reader/writer for CompactFlash memory card or

- PC interface cable including adapter (only when using the setup interface) 
or

- serial interface cable (when using the RS232 or RS485 interface) or

- network connection (when using the Ethernet connection).

Recommended
configuration

- Intel Pentium 4

- Windows XP or 2000

- 512Mbyte main memory

- 2Gbyte free space on hard disk for data

1 Intel and Pentium are registered trademarks of Intel Corporation
2 Microsoft and Windows are registered trademarks 

of Microsoft Corporation
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5.2 Installation

Run the 
installation 
program

h Start Microsoft Windows

h Insert the CD into the drive, then close the drive.

After the CD has been inserted, the installation program will start
automatically. If not, proceed as follows: 

h Start the file “Launch.exe” in the main directory of the CD.

The installation program will lead you through the rest of the installation with
screen messages.

Program start h Start the setup program by selecting the entry “Setup program ...“ in the 
chosen program folder.

When the software has just been installed for the first time, there will not yet be
a query of the user name and password. In the menu Extras, the query at the
start of the program can be activated by the function Renew log-in / Alter
password.
The activation of the log-in function can be used to distinguish between the
user types “Specialist” and “Maintenance”. These two users have different
access rights with regard to the functions in the setup program.

v “Renew log-in / Alter password” on page 101

v Chapter 6 “Rights”

If the query is active, proceed as follows:

h Log in.

H If Microsoft Windows has already been started, all Windows 
programs must be shut down before installing the setup program.

H If no valid license number is entered during the installation, the 
setup program will remain fully functional for 30 days. After this 
time, the data transmission, data storage and printout functions 
will be disabled.

H Please note that not all functions are available to all users.
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5.3 User interface

Menu bar The individual functions of the setup program can be started by using the
menu bar.

v Chapter 5.8 “Menu functions”

Toolbar The toolbar contains selected functions of the menu bar. They can be started
from the left mouse button. If you rest the mouse pointer on one of the icons
(tool tips), you will see the function title after a short delay. 

Menu bar

Toolbar

Working area

Connection status Teleservice
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Shifting the  
toolbar

The position of the toolbar can be changed, if desired. 

h Move the mouse pointer between two icon groups.

h Press the left mouse button. 

h Keeping the left mouse button pressed, drag the toolbar to the required 
position.

h Now release the mouse button.

Possible positions are:

- the left or right window border (vertical orientation),

- below the menu bar (horizontal orientation),

- at the bottom edge, above the user details (horizontal orientation) or

- any position (in own window -  horizontal orientation).

Working area Here you are provided with an overview of the current settings of a
configuration file. 

v Chapter 5.4 “Configuration”

Connection 
status

In the “Connection status” line you can check whether a connection to a
device has been established, and which interface data are being used. The
line can be made visible or hidden through Window ➔ Connection status.

Example: No connection

Example: Connection to a device

The line can be moved (like the toolbar). In order for the shift to work, first
position the mouse pointer on the position shown below, before you press the
left mouse button.

Teleservice Using Teleservice, you can view the latest data from the paperless recorder
and alter the Modbus flag. Teleservice can be made visible or hidden through
the function Window ➔ Teleservice.

v Chapter 5.5 “Teleservice”
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5.4 Configuration
By using the function File ➔ New (or File ➔ Open) you can create a new
configuration file (setup) or open an already existing one. The working area will
be filled with the corresponding settings. 

Navigation tree A single click with the left mouse button in the navigation tree will position the
entry visibly in the dialog window. 

Clicking on  will reduce the size of the display, one click on  will enlarge
the display again.

A double-click on an entry (e.g. ) will start the change dialog.
Alternatively, a change can also be started via the menu bar (Edit ➔
Configuration level ➔ Device data).

Dialog window By double-clicking on an entry in the dialog window, you can start the change
dialog. One click on “Arrow to right” ( ) before the entry will list the current
setting in the dialog window, one click on “Arrow down” ( ) will hide the
current setting again.

Current setup If several setup settings are open at the same time, just one simple click on the
name and ...

Navigation tree
for finding the settings 
quickly

Dialog window
The settings are displayed here.

Current setup
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... the window becomes an active window.

Functions 
of the right 
mouse button

If you use the right mouse button in the dialog window, different functions will
be available. These functions concern that part of the configuration on which
the mouse pointer was positioned when the right mouse button was pressed.

Example: 
The right mouse button was pressed when it was on the entry “Analog inputs”.

Analog inputs  Edit

This function starts the change dialog for configuring the analog inputs.
Alternatively, configuring can also be started by a double-click with the left
mouse button.

Analog inputs  Maximize

This function prompts the display of the current configuration of the analog
inputs. As an alternative, the current configuration can also be displayed by a
click (left mouse button) on “Arrow to right” ( ).
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Analog inputs  Online edit

The current settings of the analog inputs are read out directly from the
instrument, and the change dialog is opened. Now you can alter the
configuration. After alteration, the new setting is transmitted back to the
instrument and entered in the dialog window. 

If necessary, additional information that is required will be read out from the
instrument and also entered in the dialog window. For instance, when editing
the analog inputs online, the device data will also be read out from the
instrument.

Copy data to clipboard  Analog inputs

This function copies the current configuration of the analog inputs to the
Windows clipboard. The contents of the clipboard can, for instance, be
imported into an editor or a text processing program.

Copy data to clipboard  All data

This function copies the complete current configuration – not just that for the
analog inputs – to the Windows clipboard. The contents of the clipboard can,
for instance, be imported into an editor or a text processing program.

Print

This function enables the print-out of the latest setting. You can select which
parameter groups are printed out, and which are not. Alternatively, printing out
can also be carried out via the File menu.
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5.5 Teleservice
You can use Teleservice to request the latest data from a paperless recorder. In
addition, the Modbus flag can be switched (activated).

In order to use Teleservice, there must be an existing connection to a device.

v Chapter 5.7 “Connection between the PC and the recorder”

You can switch Teleservice into or out of display via the Window menu.

Close Teleservice window

Click here to switch further registers 
into the display (if available)

Active register

Click here to select the register as 
the active register

Shift the Teleservice window
v “Shifting the  toolbar” on page 80
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Setting the 
Modbus flag

h With the left mouse button, click on the arrow pointing to the right 
( ), until the register “Additional binary signals” appears 
on the screen ( ). 

h Click on the register “Additional binary signals”. This automatically turns it 
into an active register.

h Clicking into the box with the left mouse button (single click) will switch the 
Modbus flag.

Shifting the 
Teleservice
window

The Teleservice window, too, can be shifted. The same possibilities apply as
for shifting the toolbar.

v “Shifting the  toolbar” on page 80

Position the mouse pointer here, and,
holding the left mouse button down, shift the
Teleservice window to a different position.
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5.6 Data transfer from and to the instrument
There are two ways of transferring the setup data to or from a recorder:

- transfer via the CompactFlash memory card and 

- transfer via interface.

5.6.1 Transfer via CompactFlash memory card

In order to be able to read or write to CompactFlash memory cards from a PC,
you will need a card reader/writer.

When you have installed the card reader/writer, and have inserted a
CompactFlash memory card, you will automatically have a new drive under
Windows. You can access the new drive just like a normal hard disk, using
Windows Explorer.

H A new configuration will delete the data in the instrument (FLASH 
memory). If you want to retain the data, then the function 
CompactFlash card ➔ Update CF card must be started, or the 
data must be read out with the PCA communications software 
(PCC) before the configuration is transmitted.

A
CompactFlash memory cards must only be removed from the card 
reader/writer if the function “Eject removable medium” (a function 
in the PC operating system) has been activated first.

H Only one configuration file can be saved to the CF card at any 
time, since there is no file name as a variable. 

Measurement data from several instruments can be on the same 
CF card, since they have unambiguous identifications.
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Paperless 
recorder

You can use the paperless recorder to write setup data to the CompactFlash
memory card, or to read from it.

v Chapter 3.6 “CompactFlash card”

Import/export errors

If an error occurs on the paperless recorder side during transfer from or to a
CF card, it will be indicated in the CompactFlash card menu and will remain
until the error has been eliminated or is overwritten by a fresh error message.

Setup program Use the toolbar or the Data transfer menu with its functions “Data export to CF
card” and “Data import from CF card” in order to transfer the setup data.

 

H Do not use the menu function “File ‘ Save as ...”. 

It cannot be used to create a valid CF card for the paperless 
recorder.

Data import from CF card

Data export to CF card
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Formatting the 
CF card

To format a CF card using the Windows workplace (e. g. Windows XP):

h Make a double-click on the workplace symbol in the “Desktop” area for the 
PC, using the left mouse button.

h Click with the right mouse button on the drive letter for the CF card.

h Select the function Format.

h Select FAT file system.

h Click on the “Start” button.

A
A CompactFlash memory card (CF card) must be formatted for FAT 
(not FAT32 or NTFS).

If you format a CF card yourself, you must not use fast-formatting 
(Quickformat). If this is disregarded, a fault-free exchange of data 
cannot be ensured.
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5.6.2 Transfer via interface

Data transfer is possible via one of the following interfaces:

v The settings for the interface parameters can be found in Chapter 4.2.10
“Configuration - Interfaces”.

Setup - RS232 You will need the interface cable (including adapter) in this case. It is available
as an accessory for the recorder. 

Setup - USB You will need the interface cable (including adapter) in this case. It is available
as an accessory for the recorder.

RS232 v For the pin assignment, please refer to the Interface Description 
B 70.6510.2.0.

RS485 v For the pin assignment, please refer to the Interface Description 
B 70.6510.2.0.

Paperless recorder PC

Setup interface RS232

Setup interface USB

RS232 RS232

RS485 RS485 
(plug-in card or converter)

Ethernet Ethernet

v See Installation Instructions B70.9720.3.
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Ethernet The paperless recorder or a PC can be connected to the network using
normal, commercially available network cables (with RJ45 connector). If the
recorder and a PC are to be connected directly together, please use a
crossover cable.

Starting the 
transfer

Use the toolbar or the Data transfer menu with its functions “Data export to
device” and “Data transfer from device” in order to transfer the setup data.

H Only one 1 PC (client) at a time can access the instrument (server) 
via the Ethernet interface.

Data transfer from device

Data transfer to device
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5.7 Connection between the PC and the recorder
If data are to be exchanged between a recorder and a PC, it is essential to
define which instrument and which route is used for communication, and to
establish a connection between the instrument and the PC.

Connection to an instrument is made by using the function Data transfer ➔
Establish connection or by a click on the  symbol.

5.7.1 Assistant for device settings

If there has never been any previous communication with an instrument, the
“Assistant for Device Settings” will automatically be started when the first
attempt is made to access the instrument. This helps you to set up a device
list. 

H If a connection already exists (communication is active) between 
the setup program and a recorder, then no other software 
components (e.g. PCC) can access the instrument through the 
same interface.

If the option is active ( ), a check is 
made at the end whether the 
chosen device can be accessed via 
the selected interface.

Here you can choose whether the 
device should be defined as the 
default device ( ). The system will 
automatically access a default 
device, other devices must be 
linked through the device list.
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h First select the device version.

h Enter an additional description, if appropriate.

h Set one of the option fields, if appropriate.

h Activate the  button.

h Select the interface which you want to use to access the device.

The next steps depend on the interface or type of connection that has been
selected.
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TCP/IP PORT The following parameters must be selected:

Analog 
modem /
ISDN

The following parameters must be selected:

Serial
interface

The following parameters must be selected:

IP address /
HOST name

xxx.xxx.xxx.xxx
(Example: 192.168.0.10)

Enter the IP address of 
your device. If you enter 
the name, the IP 
address can be 
determined by clicking 
on the button “Convert 
HOST name to IP 
address”.

Port number, 
port name

502 The port used for 
communication.

Communications
protocol

Modbus TCP/IP,
Modbus protocol

Set the
Modbus TCP/IP here.

Communications
password

0 The communications 
password must match 
the one that has been 
set in the device.

Telephone number Enter the telephone 
number for connecting 
to the required device. 

Connect via Select the modem that 
is to be used to make 
the connection. 

Communications
protocol

Modbus TCP/IP,
Modbus protocol

Set the
Modbus protocol
here.

Device address 1 — 255 (255 can only 
be set if just one device 
is connected)

Device address for the 
Modbus protocol. 

Communications
password

0 The communications 
password must match 
the one that has been 
set in the device.

Connected to COM1, COM2 The PC interface to 
which the paperless 
recorder is connected.
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Transmission rate 9600, 19200, 38400 The transmission rate 
must match the one set 
in the device. If “RS232 
setup interface (TTL)” 
has been selected as 
the control signal, then 
9600 must be set.

Control signal RS232 If the RS232 interface 
on the device is used. 

RS232 setup interface
(TTL)

If the setup interface on 
the device is used. 

RS422-RTS If the RS422/485 
interface on the device 
is used. 

RS422-DTR

RS485-RTS

RS485-DTR

Expanded Stop bit and 
parity

The parameters under 
the “Expanded” button 
must also match those 
in the device. 

Standard and obligatory 
setting for the control 
signal “RS232 setup 
interface (TTL)”:
Stop bit = 1
Parity = none

Communications
protocol

Modbus TCP/IP,
Modbus protocol

Set the Modbus 
protocol here.

Device address 1 — 255 
(255 can only be set if 
just one device is 
connected to the 
interface)

Device address for the 
Modbus protocol. If the 
“RS232setup interface” 
is used as the control 
signal, then the device 
address will be ignored 
– it does not have to 
match the address in 
the device.

Communications
password

0 The communications 
password must match 
that set in the device.

Exception:
Communication via the 
setup interface can 
always be established 
without  a  
communications 
password. 
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Device list When all settings have been made, the device is entered in the device list.

5.7.2 Device list

All devices that have been defined are shown in a device list. The interface
parameters are also administered here, and new, additional devices can also
be defined in the device list.

Use the  button to make a connection to a device. By using the
Ctrl key on the PC keyboard and the left mouse button, you can select several
devices at the same time (only for deleting devices from the device list).

A successful connection produces a change in the toolbar.

Not 
connected

Connected

Make a connection
with the selected device.

Remove device(s) from the list.

Alter properties
Add a new device

Automatically search the
interfaces for devices

Use the assistant to carry out the function “Add new device” or 
“Alter properties”.

Alter properties
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5.8 Menu functions

5.8.1 File

New Opens a new setup in the working area. The values will be preset to the factory
default settings.

Open Opens an existing setup from a file, and present the contents in the working
area.

Save Saves the setup that is shown in the working area to a file. It is only necessary
to enter the file name once. If the file is saved again, no query is made about
the file name.

Save as Saves the setup that is shown in the working area to a file. Unlike the Save
function, this always asks for a file name. 

Close Removes a complete setup from the working area. If changes have not yet
been saved, this can still be done immediately after calling up the Close
function.

Delete Deletes a file from a hard disk or another data storage medium.

Export as RTF 
text

The current setup can be saved as an RTF file on the PC. 

Print When you have called up the function, the selection of what is to be printed
appears first. Printing will start when the selection has been concluded. 

Print preview The printed result is displayed on the screen. You can let several pages be
displayed, and alter the size of the pages on the screen.

Printer setup Here you can make alterations to the settings for your printer. When the
program is started, the Windows default printer will always be set as the active
printer.

Default settings Here you can make alterations to the default settings for the program. Many
alterations will only take effect after a fresh start of the setup program.

Exit This closes the setup program.

A
Deleted files cannot be recovered. 
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5.8.2 Edit

Undo ... Undoes the last editing action. In the menu, the item Undo shows which
setting will be undone.

Restore ... The Restore function will only be available when the Undo function has been
activated. This function repeats the setting that was previously canceled by
the Undo function.

Parameter-
ization

This function has the same effect as a double-click with the left mouse button
on the following function in the dialog window.

Configuration 
level

This function has the same effect as a double-click with the left mouse button
on one of the following functions in the dialog window.

Settings 
through setup 
only

This function has the same effect as a double-click with the left mouse button
on the following function in the dialog window.

v Chapter 5.9 “Math/logic”
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Setup data info This function has the same effect as a double-click with the left mouse button
on one of the following functions in the dialog window.   

5.8.3 Data transfer

Make 
connection

This function establishes a connection to a device. A connection to a device is
a precondition for transferring a setup to or from a device via an interface
(serial or Ethernet).

Disconnect This breaks an existing connection. A connection to a device must be broken
before a new connection can be established to another devices.

Data transfer to 
device

Transmits a setup to a device.

Data transfer 
from device

Read in a setup from a device. If there is no connection, the program will
automatically attempt to access the default device.

Data export 
to CF card

The setup will be saved on a CompactFlash card. The CompactFlash card can
be read by the device.

Data import
from CF card

This reads a setup from a CompactFlash card, and displays it in the working
area.

5.8.4 Extras

Enable program 
options

If no valid serial number was entered during the installation of a program, then
it will only run in a 30-day test or demo mode. This function can be used to
register a program at a later date, to convert it into a full version.

H All the functions in the Extras menu which require access to a 
device must have a connection to the device.
If there is no connection, the setup program will try to access the 
default device from the device list. If no default device has been 
defined, then the device list will appear on the screen and the user 
must set up a connection by hand. 
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Enable extra 
codes

This function is intended for later extensions within the paperless recorder
(e. g. enabling the extra code for “Integrators, counters, math and logic
module”). 
After starting up the function, the  function must be used
to read out a code number from the device, and then passed on to the
manufacturer. The manufacturer will then generate a “release number”. The

 function is used to transmit this release number to the
device, which will then enable the new device functions.

Calibration/
Test

This carries out a calibration and various test functions. Calibration can only
be carried out with a special license number, and is reserved for the
manufacturer’s service personnel. 

After activating Extras ➔ Calibration / Test and confirming the security
instruction, a device must be selected, if one is not already connected. The
dialog window will then appear, the hardware and software are automatically
read out, and information about the result will be displayed.

H Some test functions cannot be terminated as long as there is a 
connection to the instrument. If necessary, use the dialog window 
to close down the connection.

Test functions

Break 
connection
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Date and time This function is used to match the date and time for a PC and a device.

The  button is used to make date and time settings for a device.
This function uses the information in the “New setting” selection as the basis
for adjustment.

 ensures that the device clock is read out continually

(cyclically). The continual read-out can be ended by activating . The
clock cannot be adjusted while it is is being continually read out.

Create screen 
printout

This function provides you with another option for documenting settings or
events.
Start the function and operate the “Create” button. A screenshot (printout) will
be created for the device that is connected. You can save the screenshot as a
bitmap, or print it out directly.

Start picture With this function, the start screen (start logo after power-on) can be read,
altered or swapped, and transmitted to the recorder.

Write message 
text

This function can be used to transmit a message text to a device.

The message text can be used to make an entry in the event list for a device.

The functions are independent of the present setting in the dialog window. The
data can be transmitted to a device, without causing a new configuration.

Ethernet 
interface

Using this function, the Ethernet parameters “IP address”, “Subnet mask” and
“Gateway” can be transmitted to the recorder. They are transmitted to that
device which has been linked to the setup program via the device list.
When transferring setup data through “data transfer to device“, “data transfer
from device”, “data export to CF card“ or “data import from CF card”, the
Ethernet parameters are not transmitted with this data, to avoid a collision of
data in the network due to identical IP addresses.

Send the date and time to a device.

Terminates the function.
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Renew log-in /
Alter password

The function Renew log-in / Alter password is used to

- activate the user and password query at the program start and

- alter the current password.

This function only has an affect on the operation of the setup program, not the
recorder.

Activation of the user and password query at the program start

When the setup program is installed for the first time, there will not yet be a
query of the user name and password when the program starts. You will
automatically be logged in as “Specialist”, with a blank password.

Proceed as follows:

h Start the function “Renew log-in / Alter password”.

h Show the options.

h Activate the option “After log-in – alter password” and click on the 
 button.

Show the options.
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h Enter the password - the “Old password” field remains empty.

When the entry has been concluded, the new password is activated by

clicking . From now on, the user name and the password will be

requested at the program start.

Password alteration

Altering a password is very much like activating the password query. The only
difference is that, in this case, the “Old password” field must not remain
empty.

H Initially, no start password is assigned to the “Maintenance” user 
either. At program start, log in with the “Maintenance” user name 
and enter a password as described above.
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5.8.5 Window

Cascade If several dialog windows are open at the same time, this function has the
effect that all windows are shown with an offset to one another. You can use
the left mouse button to bring a window into the foreground.

Tiled 
horizontally

If several dialog windows are open at the same time, this function has the
effect that the various windows are shown one above another. You can use the
left mouse button in a window to make that window active.

Arrange 
symbols

All open windows are minimized – they disappear from the screen, but are not
closed. 

Teleservice You can switch Teleservice into or out of display by using this function. The
position is independent of the position of the dialog window.

v Chapter 5.5 “Teleservice”

Connection 
status

You can switch the connection status into or out of display by using this
function. The position  is independent of the position of the dialog window.

v See “Connection status” on page 80.

H The usual Windows options are available for the positioning of  
the dialog windows.

Enlarging and minimizing

Reducing and maximizing

Close

A double-click with the left mouse button 
produces maximum enlargement.
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5.8.6 Info

Info on setup Here you can find out the version number of the setup program. Please have
the version number available if you contact the service hotline.

Software
documentation

This function calls up the available instrument and software documentation in
PDF format.

Registered 
license 
numbers

Here you can find out the license number of the setup program. Please have
the license number available if you contact the service hotline.

Program
folder

Here you can obtain information as to which folders (directories) on the hard

disk or in the network are used by the setup program. If you activate the 
button, the contents of the folder will be displayed.
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5 Setup program

5.9 Math/logic
The math and logic module is available as an extra code. It has to be ordered
from the start, or subsequently enabled through the function Extras ➔ Enable
extra codes (Page 98).

The math/logic module is composed of channels that are not available as
hardware but are calculated by the instrument software.

Math You can activate the math channels in the setup program, in the “Math / logic”
area, or through the menu Edit ➔  Settings through setup only ➔ Math / logic. 

In the following example, math channel 3 will be configured:
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You must edit the input fields “Variable a”,  “Variable b” or “Time for moving 
average” if one of the standard functions (difference, ratio, humidity, moving 
average) has been set. 
If you have set the “Formula” function, then the input field “Formula” must be 
edited. Entry can either be direct or via a ( ) dialog.

Example: 
humidity

Function selection

The function is selected here. All other fields can 
subsequently be edited according to the function.

H With humidity measurement, the channel for dry bulb temperature 
has to be specified as variable a, the channel for the wet bulb 
temperature as variable b.
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5 Setup program

Example: 
Formula

The formula can be entered directly from the PC keys or by calling up the 
 function.

When you have called up the function, this dialog box will appear:

In the left window you can select the required signal, in the right window the
required operator, and enter them into the formula by activating the

corresponding button ( ). Instead of using  , you can also
make a selection by a double-click with the left mouse button.    

H For functions ending with ( ), you will have to add  
the closing bracket yourself.

Example: 1. add in SQRT() --> SQRT(
2. add in AE1 --> SQRT(AE1
3. add in ) --> SQRT(AE1)

H The functions “Pointer to float values”, “Pointer to integer values” 
and “Pointer to byte values” may only be used on express 
instruction from the manufacturer.
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Operator
overview

Operator
priorities

Math calculation signs and functions

Logic operators

Operator Explanation Example
+ addition AE1 + AE2
- subtraction AE1 - AE2
* multiplication AE1 * AE2
/ division AE1 / AE2
( opening bracket (
) closing bracket )
SQRT() root SQRT (AE1)
MIN() minimum value MIN (AE1, AE2)
MAX() maximum value MAX (AE1, AE2, AE3)
SIN() sine SIN (AE1)
COS() cosine COS (AE1)
TAN() tangent TAN (AE1)
** x to the power y AE1 ** AE2
EXP() exponential function EXP (AE1)
ABS() absolute value ABS (AE1)
INT() integer portion INT (AE1)
FRC() decimal portion FRC (AE1)
LOG() logarithm LOG (AE1)
LN() natural logarithm LN (AE1)

Priority Math sign / function Comment

high ( ) brackets

SQRT, MIN, MAX, LOG, LN, SIN,
COS, TAN, ABS, EXP, INT, FRC

functions

** exponent (xy)

+, - sign

*, / multiplication, division

low +, - addition, subtraction

Priority Operator Comment

high ( ) brackets

NOT, ! negation

AND, & AND linkage

XOR, ^ exclusive OR linkage

low OR, ¦ OR linkage
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5 Setup program

5.10 Character set
032  080 P 0161 ¡ 0209 Ñ
033 ! 081 Q 0162 ¢ 0210 Ò
034 " 082 R 0163 £ 0211 Ó
035 # 083 S 0164 ¤ 0212 Ô
036 $ 084 T 0165 ¥ 0213 Õ
037 % 085 U 0166 ¦ 0214 Ö
038 & 086 V 0167 § 0215 ×
039 ’ 087 W 0168 ¨ 0216 Ø
040 ( 088 X 0169 © 0217 Ù
041 ) 089 Y 0170 ª 0218 Ú
042 * 090 Z 0171 « 0219 Û
043 + 091 [ 0172 ¬ 0220 Ü
044 , 092 \ 0173 - 0221 Ý
045 - 093 ] 0174 ® 0222 Þ
046 . 094 ^ 0175 ¯ 0223 ß
047 / 095 _ 0176 ° 0224 à
048 0 096 ‘ 0177 ± 0225 á
049 1 097 a 0178 ² 0226 â
050 2 098 b 0179 ³ 0227 ã
051 3 099 c 0180 ´ 0228 ä
052 4 0100 d 0181 μ 0229 å
053 5 0101 e 0182 ¶ 0230 æ
054 6 0102 f 0183 · 0231 ç
055 7 0103 g 0184 ¸ 0232 è
056 8 0104 h 0185 ¹ 0233 é
057 9 0105 i 0186 º 0234 ê
058 : 0106 j 0187 » 0235 ë
059 ; 0107 k 0188 ¼ 0236 ì
060 < 0108 l 0189 ½ 0237 í
061 = 0109 m 0190 ¾ 0238 î
062 > 0110 n 0191 ¿ 0239 ï
063 ? 0111 o 0192 À 0240 ð
064 @ 0112 p 0193 Á 0241 ñ
065 A 0113 q 0194 Â 0242 ò
066 B 0114 r 0195 Ã 0243 ó
067 C 0115 s 0196 Ä 0244 ô
068 D 0116 t 0197 Å 0245 õ
069 E 0117 u 0198 Æ 0246 ö
070 F 0118 v 0199 Ç 0247 ÷
071 G 0119 w 0200 È 0248 ø
072 H 0120 x 0201 É 0249 ù
073 I 0121 y 0202 Ê 0250 ú
074 J 0122 z 0203 Ë 0251 û
075 K 0123 { 0204 Ì 0252 ü
076 L 0124 | 0205 Í 0253 ý
077 M 0125 } 0206 Î 0254 þ
078 N 0126 ~ 0207 Ï 0255 ÿ
079 O 0128 € 0208 Ð
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Entering
special 
characters

Any (special) characters that cannot be entered directly from the keyboard of
the PC can be entered with the help of the A key and the numerical
combinations that are specified in the table.

Example The special character © has to be entered:

h Position the cursor with the mouse, or by using the cursor keys, on the 
point where the character is to be inserted.

h Press the A key and hold it down

h Enter the number combination 0169 in the number block (on the right-hand 
side of the keypad) (the leading zero must be entered as well)

h Release the A key

The character © is inserted at the cursor position.

Cyrillic 
characters

If “Russian” has been selected as the language for the instrument, then the
characters 0192 … 0255 will be replaced by Cyrillic letters in the instrument.

H The character set depends on the language of the operating 
system that is used, and may be different from the example.  
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6 Rights

6.1 Rights with regard to the setup program
Depending on the installation and the log-in, individual users will have different
rights within the setup program.

The differences are summarized in the table below:

Right Demo
installation

Maintenance Specialist

Write interface texts - X X

New X X X

Open X X X

Save, Save as, Delete - X X

Configure undocumented 
parameters - - X

Export to CF card - X X

Import from CF card - X X

Print - X X

Enable program options X - X

Enable extra codes - - X

Edit interface settings - X X

Edit device settings X X X

Delete device - - X

Create new device X - X

X = right is available
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7 PC programs

7.1 PC evaluation software (PCA3000)

PCA3000 is the professional evaluation software for data-analysis of the archived
instrument process data.

PCA3000 is the ideal software for the best-quality graphic and alphanumeric
display of electronically stored measurement data. The software supports
multi-user functionality, so that different users can access the same data.
PCA3000 runs under Windows NT, Windows 2000 and Windows XP.

Data storage The life-cycle  archive  data  structure  enables  on-demand  saving  and
archiving  of  all  process  data,  clearly  and  simply,  in  a  single  file.

Data backup Archive data can be read out and visualized directly from a CD-ROM or DVD (a
transfer to the hard disk is not necessary).

Data export Data export at the HTML level, or as an ASCII text file (for evaluation in Excel).

Communication The data transfer program PCC (communications software) is perfectly
matched to PCA3000, and enables the comfortable read-out of data through
the interface, using RS232/ RS422, Ethernet, a modem, or through the setup
interface.

H Operating Instructions B 70.9701.0 describe PCA300 in detail.
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7.2 PCA communications software (PCC)

PCC is the professional archive software: it transfers the data via an inerface
(setup, serial or Ethernet) from the recorder (or several recorders and
controllers), and deposits them on a PC or a network.

H PCC is described in detail in the 
Operating Instructions B 70.9702.0.
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8 Identifying the instrument version

8.1 Type designation

Entry-level paperless recorder with CompactFlash card as storage medium 
and life-cycle data management

(1) Basic version
706510/14 Paperless recorder with 3 analog inputs

706510/24 Paperless recorder with 3 analog inputs
incl. setup and PC evaluation program (PCA3000)

706510/15 Paperless recorder with 6 analog inputs

706510/25 Paperless recorder with 6 analog inputs
incl. setup and PC evaluation program (PCA3000)

(2) Supply voltage
x x x x 22 20 — 53V AC/DC, 48 — 63Hz
x x x x 23 110 — 240 V AC +10/-15%, 48 — 63Hz

(3) Extra codes
x x x x 008 Ethernet interface
x x x x 020 Lithium battery for memory buffering (ex-factory)
x x x x 021 Storage capacitor (instead of extra code 020)
x x x x 260 Integrators and counters, as well as math and 

logic module (the math and logic module can only be 
configured through the setup program).

x x x x 261 4 binary inputs, 3 relay outputs, 
serial interface RS232/RS485 (Modbus, Jbus)

x x x x 265 Door with lock (IP54)
x x x x 266 IP65 seal, 4 wide mounting brackets
x x x x 350 Universal carrying case TG-351

(1) (2) (3)
Order code - /  , ...2

Order example 706510/14 - 23 / 020

1 This extra code is available in combination with supply voltage 
110 — 240 V AC, not with low supply voltage.
UL approval is not available.
The protection type in the carrying case corresponds to IP20, outside IP20D.

2 List extra codes in sequence, separated by commas.
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8.2 Standard accessories
- 1 Operating Instructions B 70.6510.0

- 2 mounting brackets, or 4 mounting brackets with extra code 266

- 1 control panel seal with extra code 266

- 2 cover plates for fixing holes

- Cable tie with foot (can be released) 
for strain relief of the sensor connecting cables

8.3 Optional accessories
- Setup program, multilingual

- PC interface with TTL/RS232 converter and adapter (socket)

- PC interface with USB/TTL converter, adapter (socket) and adapter (plug)

- PC evaluation software (PCA3000), multilingual

- PCA communications software (PCC), multilingual

- Inputs configured to customer specification
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9 Installation

9.1 Installation site and climatic conditions
The installation site should be free from vibration. Electromagnetic fields,
caused by motors, transformers etc. should be avoided.

The ambient temperature at the site should be 0 to +45°C, with a relative
humidity of ≤75%, no condensation.

v Chapter 10.1 “Installation notes”

9.2 Fitting

Views

Size 26 increases to 27 if the IP65 seal is used.

Panel mounting
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Installation h Insert the paperless recorder from the front into the panel cut-out.

h From behind the panel, hook the two mounting brackets into the grooves 
on the sides of the housing. The flat faces of the mounting brackets must lie 
against the housing.

h Push the fixing brackets up against the back of the panel
and tighten them evenly.

h Use the cover plates to close the remaining cutouts for mounting brackets.

Cutout for fixing bracket

Cover plate
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9 Installation

Extra code 266 
(IP65)

The following instructions must be followed when installing the paperless
recorder with extra code 266 (IP65).

- The seal for the control panel must be fitted before the recorder is installed.

- Instead of the 2 mounting brackets, there are 4 wide mounting brackets 
that have to be used (one element for each side of the housing).

- The cover plates for closing the cutouts for the mounting brackets must not 
be used.

Caution!

Make sure that the seal is correctly 
positioned. 
The two large indentations  on the 
front frame must be closed by the two 
lugs  on the seal.
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10 Electrical connection

10.1 Installation notes

10.2 Technical data
v Data Sheet 70.6510

k The choice of cable, the installation and the electrical connection must
conform to the requirements of VDE 0100 “Regulations on the
Installation of Power Circuits with Nominal Voltages below 1000V” or the
appropriate local regulations.

k Work inside the instrument must only be carried out to the extent
described and, like the electrical connection, only by qualified personnel.

k The instrument must be disconnected on both poles from the electrical
supply if contact with live parts is possible while work is carried out.

k Electromagnetic compatibility (EMC) conforms to the standards and
regulations cited in the technical data.

v Data Sheet 70.6510

k Run input, output and supply cables separately and not parallel to one
another.

k All input and output cables without connection to the mains supply must
be arranged as twisted and screened cables. Earth the screen on the
instrument side to the earth potential.

k Earth the instrument at the PE terminal to the protective earth conductor.
This cable must have the same cross-section as that used for the supply
cables. Earthing cables must be wired in a star configuration to a
common earth point that is connected to the protective earth conductor
of the electrical supply. Do not loop earthing cables, i.e. do not run them
from one instrument to another.

k Do not connect any additional loads to the supply terminals of the
instrument.

k The device is not suitable for use in areas with an explosion hazard 
(Ex areas).

k Inductive loads close to the instrument, such as contactors or solenoid
valves, should have RC modules fitted for interference suppression.

k The instrument must be provided with external fusing and disconnection.
Depending on the supply voltage, the following fuse values apply for the
external fusing:

20 — 53V AC/DC, 48 — 63Hz 5A fuse, slow-blow
110 — 240V AC +10/-15%, 48 — 63Hz   5A fuse, slow-blow
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10.3 Connection diagram

Rear view

V
The electrical connection must only be carried out by qualified
personnel.

Terminal assignment 
(for pluggable screw terminals)
3/6 channel paperless recorder

Diagram

Supply voltage

Supply voltage PE 
N (L-)
L1 (L+)
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10 Electrical connection

Terminal assignment 
(for pluggable screw terminals)
3/6 channel paperless recorder

Diagram

Analog inputs Connector

Thermocouple 1 to 6

If sizeable supply interference is present on a thermocouple input, then the 
corresponding analog input requires a link from terminal 2 to terminal 4. 
Increased interference voltages can, for example, be generated by ceramic 
insulation becoming conductive at temperatures of several hundred °C.

Resistance thermometers
in 2-wire circuit

1 to 6

Resistance thermometers
in 3-wire circuit

1 to 6

Resistance thermometers
in 4-wire circuit

1 to 6

Voltage input ≤ 210mV 1 to 6

Voltage input > 210mV 1 to 6

Current input 1 to 6
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Terminal assignment Diagram

Setup interface (included in delivery)

The setup interface can 
be found on the front of 
the instrument, behind 
the cover for the 
CompactFlash
memory card.

Interfaces (extra code)

RS232
9-pole SUB-D socket

20 2 RxD receive data
3 TxD transmit data
5 GND ground

RS485
9-pole SUB-D socket

20 3 TxD+/RxD+
transmit/receive data +

5 GND ground
8 TxD-/RxD-

transmit/receive data -

Ethernet
RJ45 socket

21

1 TX+ transmit data +
2 TX- transmit data -
3 RX+ receive data +
6 RX- receive data -

Relay outputs (extra code)

Relays K1, K2, K3
(changeover)

30, 31, 32

Binary inputs (extra code)

Supply voltage 
24V / 50mA

Binary inputs, 
voltage-controlled

LOW = -3 to +5V DC
HIGH = 12 to 30V DC

33

6 +24V
5 GND

4 binary input 1
3 binary input 2
2 binary input 3
1 binary input 4

Setup interface

81

Example:
binary input 4, operated 
from the internal supply 
voltage
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11 TÜV Report on Data Manipulation Security

H
Type 706510/... corresponds to type 706500/.... or 955015/...., with the only difference 
that the 706510/... recorder employs a different storage medium. It uses CompactFlash 
memory cards for transferring data, and not diskettes.
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11 TÜV Report on Data Manipulation Security
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12 Index

A
Action (outputs) 73
Active operating mode 23
Alarm 70
Alarm (counter/integrator) 68
Alarm delay 71
Alarm text (counter/integrator) 68
Alter password 101
Analog inputs 64–65, 70–71
Arrange symbols 103
Authorization code 64

B
Basic menu 11, 32
Battery empty 53–54
Baud rate 75

C
Calibration status 76
Cascade 103
CF card code number 63
Channel (counter/integrator) 66
Channel indication 35, 61
Channel line 14, 61, 70
Channel name 70
Channel name (counter/integrator) 67
Channel representation 14, 33, 61
Character entry 55
Character selection 55
Climatic conditions 117
Close 96
Code number 46, 50, 57, 59, 63
Cold junction 64
Color display 11
Commissioning 7
CompactFlash 86

Errors 52
Computed code No. 64
Configuration

Analog inputs 64
Control functions 74
Counter/integrator 66
Event traces 66
Fine calibration 76
Interface 75
Meas. storage 70
Outputs 73
Texts 74, 76
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Connection circuit 64
Connection diagram 122
Connection status 80, 103
Contrast 60
Control function 74
Control signal 60, 73
Control signal (outputs) 73
Counter 66
Counter frequency (counters/integrators) 17
Counter text (counter/integrator) 68
Counters 17
Create screen printout 100

D
Daily end time (counter/integrator) 69
Daily start time (counter/integrator) 69
Data

Evaluation 27
Read-out via interface 27

Data export to CF card 98
Data format 75
Data import from CF card 98
Data lost 53–54
Data manipulation security 125
Data transfer from device 98
Data transfer to device 98
Date 62
Date and time 100
Decimal place 70
Decimal place (counter/integrator) 68
Default settings 96
Delete 96
Device address 75
Device info 53
Device name 62
Device software 54
Diagram speed 13, 23
Diagram view 44
Differential 71
Digital display 33, 36
Disconnect 98
Display 11
Display off 44
Display printout 100
Displays and controls 11

E
Electrostatic discharge (ESD) 7
Enable extra codes 99
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12 Index

Enable options
Authorization code 64
Computed code No. 64
Enable options 64

Enable program options 98
End temperature 65
End time (timed operation) 72
End value

Target 76
Enter key 11
Error 54
Ethernet 28, 75
Evaluation of measurement data 38
Evaluation program 50
Event definition 47
Event list 47
Event operation 23

Storage cycle 73
Stored value 73

Event traces 15
Exit 96
Exit key 11
Ext. control signal (counter/integrator) 69
External cold junction temperature 65
External text 74
External texts 16

F
Factory setting 63
Falling below range 14
Filter constant 65
Fine calibration 76
Function (counter/integrator) 66

G
Gateway 75

H
Header 12, 33, 61, 70
High limit 70
History 38
Humidity measurement 106

I
Import/export errors 87
Info on setup 104
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Input signal 72
Input signal (counter/integrator) 66–67
Installation 117
Installation notes 121
Installation site 117
Integrator 17, 66
Interface type 75
Internal analog inputs 14
IP address 75
IP65 115, 119

K
Key inhibit 74
Keys 10, 12

L
Language 63
Life-cycle data management 24
Limit index 35
Limit value (counter/integrator) 68
Line width 70
Linearization 64
Logic module 22, 105

Operator priorities 108
Low limit 70

M
Make connection 98
Math module 20, 105

Operator overview 108
Operator priorities 108

Meas. range 65
Memory alarm 27, 63
Memory status 72
Memory upload 63
Menu key 11, 32
Modbus flag 84–85

N
New 96
Normal operation 23

Control signal 73
Memory status 72
Storage cycle 72
Stored value 72

Note signs 9
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12 Index

O
Open 96
Operating modes 23
Operating time counter 18
Outputs 16, 73–74

Action 73
Control signal 73

Overrange 14

P
Panel mounting 117
Paper perforations 61
Parameterization 60
Password 45–46, 50, 57, 59, 63
Password activation 101
Password alteration 101–102
PCA3000 20, 27, 64, 113, 115–116
PCC 27, 86, 91, 113–114, 116
Peak value 40
Period (counter/integrator) 68
Power LED 11
Principle of operation 46
Print 96
Print preview 96
Printer setup 96
Program folder 104
Program options, enabling 98
Protocol 75

R
Range end 65
Rear view 122
Registered license numbers 104
Renew log-in 101
Reporting period (counter/integrator) 18
Representation modes 10
Reset (counter/integrator) 18, 61
Reset counter/int. 63
Reset generation (counter/integrator) 69
Returning 7
RS232/RS485+Ethernet code number 63

S
Save 96
Save as 96
Scaling 35
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Scaling end 65–66
Scaling start 65–66
Screen off 44
Screen saver 11, 44, 60
Screen texts 10
Scroll operation 38
Sensor 64
Sensor monitoring 14
Setup program

Assistant for device settings 91
CompactFlash 86
Configuration 81
Current setup 81
Data transfer 86
Device list 95
Hardware and software requirements 77
Installation 78
Menu bar 79
Menu functions 96
Modbus flag 84–85
Navigation tree 81
Program start 78
Shifting the Teleservice window 85
Teleservice 80, 84
Toolbar 79
Toolbar shifting 80
Transfer 86
User interface 79
Working area 80

Signal type 33–34, 60
Signal types 15
Softkey 11–12
Speed 13
Speed indic. mode 60
Standard text 48
Start temperature 65
Start time (timed operation) 72
Start value,

Actual 76
Target 76

Status LED 11
Status line 13
Status message 52
Storage cycle 23, 72–73
Stored value 23, 72–73
Subnet Mask 75
Summer time 62
Supplementary text 48
Switch-off event 60
Synchronizing time (counter/integrator) 68
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12 Index

T
Teleservice 103
Temperature unit 63
Text entry 55
Text High alarm 71
Text Low alarm 71
Texts 47, 74
Threshold value (counter/integrator) 67
Tiled horizontally 103
Time 62
Time base (counter/integrator) 67
Time synchronization 62
Timed operation 23

End time 72
Start time 72

Trace design. 72
Type (counter/integrator) 66
Type designation 115

U
Underrange 14
Undocumented parameter 1 — 40 76
Unit 70
Unit (counter/integrator) 68
Unit of measurement 34

V
Version number 53
Views 117

W
Waiting time 60
Warranty 7
webserver 28
Weekday (counter/integrator) 69
Weighting (counter/integrator) 17, 67
Window technology 46
Write interface texts 100
Writing configuration data to CF card / reading from CF card 51

Z
Zoom 39
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 th

e 
fro

nt
 c

ov
er
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.

3)
P

ul
l t

he
 fr

on
t c

ov
er
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 to

w
ar

d 
yo

u 
to
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m
ov

e 
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 p
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ng
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n 

in
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la

tio
n 
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e 
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 s
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e 
us
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ft 
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ed
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pp
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.
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on

t c
ov

er
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Fr
on

t c
ov

er
 2

Fr
on

t c
ov

er
 2

Fr
on

t c
ov

er
 1

1)
In

se
rt 

th
e 

tw
o 

fix
ed

 h
oo

ks
 o

n 
th

e 
le

ft 
si

de
 o

f t
he

 
fro

nt
 c

ov
er

 2
 in

to
 th

e 
so

ck
et

s 
of
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e 

in
ve

rte
r.

2)
U

si
ng
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e 

fix
ed

 h
oo

ks
 a

s 
su

pp
or

ts
, s
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el
y 
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es

s 
th

e 
fro

nt
 c

ov
er
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ga
in

st
 th

e 
in

ve
rte

r. 
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lth
ou

gh
 in
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al
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tio

n 
ca

n 
be

 d
on

e 
w

ith
 th

e 
op

er
at

io
n 

pa
ne

l m
ou

nt
ed

, m
ak

e 
su

re
 th

at
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nn
ec

to
r i

s 
se

cu
re

ly
 fi

xe
d.

)

3)
Fi

x 
th

e 
fro

nt
 c

ov
er
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 w

ith
 th

e 
in

st
al

la
tio

n 
sc

re
w

s.
4)

Fi
x 

th
e 

fro
nt

 c
ov

er
 1

 w
ith

 th
e 

in
st

al
la

tio
n 

sc
re

w
s.

R
EM

A
R

K
S

Fo
r t

he
  F

R
-A

74
0-

04
32

0-
E

C
 o

r m
or

e,
 th

e 
fro

nt
 c

ov
er

 1
 is

 s
ep

ar
at

ed
 in

to
 tw

o 
pa

rts
.
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1 OUTLINE

1.
4

In
st
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ve
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er

 a
nd

 e
nc

lo
su

re
 d

es
ig

n
W

he
n 

an
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rte

r 
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e 
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 b
e 

de
si

gn
ed
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uf
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tu
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ea
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en
er

at
ed

 b
y 
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n 

op
er

at
in

g 
pl
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e,
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 o
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er
s 
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 c
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de
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et
er

m
in

e 
th

e 
en

cl
os

ur
e 

st
ru

ct
ur

e,
 s

iz
e 

an
d

eq
ui

pm
en

t l
ay

ou
t. 

Th
e 

in
ve

rte
r 

un
it 

us
es

 m
an

y 
se

m
ic

on
du

ct
or

 d
ev

ic
es

. T
o 

en
su

re
 h

ig
he

r r
el

ia
bi

lit
y 

an
d 

lo
ng

 p
er

io
d 

of
op

er
at

io
n,

 o
pe

ra
te

 th
e 

in
ve

rte
r i

n 
th

e 
am

bi
en

t e
nv

iro
nm

en
t t

ha
t c

om
pl

et
el

y 
sa

tis
fie

s 
th

e 
eq

ui
pm

en
t s

pe
ci

fic
at

io
ns

.

1.
4.

1
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ve
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er
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al

la
tio

n 
en

vi
ro

nm
en

t
A

s 
th

e 
in

ve
rte
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en
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t 
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at

is
fiy
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 s
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ar

d 
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ic

at
ed
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n 

th
e 

fo
llo

w
in

g 
ta
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op
er

at
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n 
in
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 p
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ce
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t 

do
es
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 m
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t 
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e 

co
nd

iti
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s 
no

t 
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 d

et
er

io
ra

te
s 

th
e 

pe
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rm
an

ce
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 o

f 
th

e
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ve
rte

r, 
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o 
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es
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ilu
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ef

er
 to

 th
e 

fo
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w
in

g 
po

in
ts
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nd

 ta
ke

 a
de

qu
at

e 
m

ea
su
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s.

*1
2.

9m
/s

2  
or

 le
ss

 fo
r t

he
 F

R
-A

74
0-

04
32

0 
or

 m
or

e.

(1
)

Te
m

pe
ra

tu
re

Th
e 

pe
rm

is
si

bl
e 

am
bi

en
t t

em
pe

ra
tu

re
 o

f t
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rte
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 to
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50
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 o
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 to

 +
40
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w
he

n 
S
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er
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e 
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ve
rte
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 te
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pe
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tu
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pe
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 c
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, c
ap

ac
ito

rs
 a

nd
 o

th
er

s.
 T

ak
e 
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tu
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ve
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r f
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 w

ith
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e 
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M
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r c
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 c
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 d
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M
ea
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t l
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m
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tu
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P
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ea
te
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n 
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en
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D
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no
t p
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th
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in
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ee
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rte
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 c
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 d
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t c
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g 
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r c
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r.

•
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te
m

pe
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tu
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es

 a
re

 c
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d 

by
 o
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ni
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 d
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r a
w
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 p

os
e 

pr
ob

le
m

s
of

 r
ed

uc
ed

 i
ns

ul
at

io
n 

an
d 

m
et

al
 c
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 p
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 p
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en
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os
ur

e 
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ut
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de
.
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ro
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 a

 s
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te
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en
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e.
2)

M
ea

su
re

s 
ag

ai
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t l
ow

 h
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ha

t 
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m
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n 
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ct
io
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of
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t 
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s 
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at
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s 
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 d
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ge

 y
ou

r 
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st
at

ic
 e

le
ct

ric
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)
be

fo
re

ha
nd

 a
nd

 k
ee

p 
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ur
 b

od
y 

fro
m

 c
on

ta
ct

 w
ith

 th
e 
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rts

 a
nd

 p
at

te
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s,
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es
id
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 b

lo
w

in
g 

ai
r o

f p
ro

pe
r h

um
id

ity
 in

to
th

e 
en

cl
os

ur
e 

fro
m

 o
ut

si
de

.
3)

M
ea

su
re

s 
ag

ai
ns

t c
on

de
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at
io

n
C

on
de

ns
at

io
n 

m
ay

 o
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ur
 if

 fr
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ue
nt

 o
pe

ra
tio

n 
st
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s 

ch
an

ge
 th

e 
in
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m
pe

ra
tu
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 s

ud
de
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e 

ou
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id
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em
pe

ra
tu

re
 c

ha
ng
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ud
de
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y.

C
on

de
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at
io

n 
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us
es

 s
uc

h 
fa

ul
ts

 a
s 

re
du

ce
d 

in
su

la
tio

n 
an

d 
co

rr
os

io
n.

•
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ke
 th

e 
m

ea
su

re
s 

ag
ai

ns
t h

ig
h 

hu
m

id
ity

 in
 1

).
•

D
o 

no
t p

ow
er

 o
ff 

th
e 

in
ve

rte
r. 

(K
ee

p 
th

e 
st

ar
t s

ig
na

l o
f t

he
 in

ve
rte

r o
ff.

)

En
vi

ro
nm

en
ta

l s
ta
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ar

d 
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ec
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ca
tio

ns
 o

f i
nv

er
te

r
Ite

m
D

es
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ip
tio

n

A
m

bi
en

t t
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pe
ra

tu
re
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, N

D
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 s
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tin
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, H
D

-1
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to
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 (n
on

-fr
ee

zi
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)
S
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-1

0 
to

 +
40

°C
 (n
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-fr

ee
zi

ng
)

A
m

bi
en

t h
um
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ity
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%
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H

 m
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im
um

 (n
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de
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in
g)

A
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os
ph

er
e

Fr
ee

 fr
om

 c
or

ro
si

ve
 a
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 e

xp
lo

si
ve
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es
, d

us
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nd
 d
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M
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um
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lti
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de
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r l
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s
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at
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n
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 c
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lo
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re
 

de
si

gn

(3
)

D
us

t, 
di

rt
, o

il 
m

is
t

D
us

t a
nd

 d
irt

 w
ill

 c
au

se
 s

uc
h 

fa
ul

ts
 a

s 
po

or
 c

on
ta

ct
 o

f c
on

ta
ct

 p
oi

nt
s,

 re
du

ce
d 

in
su

la
tio

n 
or

 re
du

ce
d 

co
ol

in
g 

ef
fe

ct
 d

ue
to

 m
oi

st
ur

e 
ab

so
rp

tio
n 

of
 a

cc
um

ul
at

ed
 d

us
t a

nd
 d

irt
, a

nd
 in

-e
nc

lo
su

re
 te

m
pe

ra
tu

re
 ri

se
 d

ue
 to

 c
lo

gg
ed

 fi
lte

r.
In

 th
e 

at
m

os
ph

er
e 

w
he

re
 c

on
du

ct
iv

e 
po

w
de

r 
flo

at
s,

 d
us

t a
nd

 d
irt

 w
ill

 c
au

se
 s

uc
h 

fa
ul

ts
 a

s 
m

al
fu

nc
tio

n,
 d

et
er

io
ra

te
d

in
su

la
tio

n 
an

d 
sh

or
t c

irc
ui

t i
n 

a 
sh

or
t t

im
e.

S
in

ce
 o

il 
m

is
t w

ill
 c

au
se

 s
im

ila
r c

on
di

tio
ns

, i
t i

s 
ne

ce
ss

ar
y 

to
 ta

ke
 a

de
qu

at
e 

m
ea

su
re

s.

C
ou

nt
er

m
ea

su
re

s
•

P
la

ce
 in

 a
 to

ta
lly

 e
nc

lo
se

d 
en

cl
os

ur
e.

Ta
ke

 m
ea

su
re

s 
if 

th
e 

in
-e

nc
lo

su
re

 te
m

pe
ra

tu
re

 ri
se

s.
 (R

ef
er

 to
 p

ag
e 

9.
)

•
P

ur
ge

 a
ir.

P
um

p 
cl

ea
n 

ai
r f

ro
m

 o
ut

si
de

 to
 m

ak
e 

th
e 

in
-e

nc
lo

su
re

 p
re

ss
ur

e 
hi

gh
er

 th
an

 th
e 

ou
ts

id
e-

ai
r p

re
ss

ur
e.

(4
)

C
or

ro
si

ve
 g

as
, s

al
t d

am
ag

e
If 

th
e 

in
ve

rte
r i

s 
ex

po
se

d 
to

 c
or

ro
si

ve
 g

as
 o

r t
o 

sa
lt 

ne
ar

 a
 b

ea
ch

, t
he

 p
rin

te
d 

bo
ar

d 
pa

tte
rn

s 
an

d 
pa

rts
 w

ill
 c

or
ro

de
 o

r
th

e 
re

la
ys

 a
nd

 s
w

itc
he

s 
w

ill
 re

su
lt 

in
 p

oo
r c

on
ta

ct
.

In
 s

uc
h 

pl
ac

es
, t

ak
e 

th
e 

m
ea

su
re

s 
gi

ve
n 

in
 S

ec
tio

n 
(3

).

(5
)

Ex
pl

os
iv

e,
 fl

am
m

ab
le

 g
as

es
A

s 
th

e 
in

ve
rte

r i
s 

no
n-

ex
pl

os
io

n 
pr

oo
f, 

it 
m

us
t b

e 
co

nt
ai

ne
d 

in
 a

n 
ex

pl
os

io
n 

pr
oo

f e
nc

lo
su

re
.

In
 p

la
ce

s 
w

he
re

 e
xp

lo
si

on
 m

ay
 b

e 
ca

us
ed

 b
y 

ex
pl

os
iv

e 
ga

s,
 d

us
t 

or
 d

irt
, 

an
 e

nc
lo

su
re

 c
an

no
t 

be
 u

se
d 

un
le

ss
 i

t
st

ru
ct

ur
al

ly
 c

om
pl

ie
s 

w
ith

 th
e 

gu
id

el
in

es
 a

nd
 h

as
 p

as
se

d 
th

e 
sp

ec
ifi

ed
 te

st
s.

 T
hi

s 
m

ak
es

 th
e 

en
cl

os
ur

e 
its

el
f e

xp
en

si
ve

(in
cl

ud
in

g 
th

e 
te

st
 c

ha
rg

es
).

Th
e 

be
st

 w
ay

 is
 to

 a
vo

id
 in

st
al

la
tio

n 
in

 s
uc

h 
pl

ac
es

 a
nd

 in
st

al
l t

he
 in

ve
rte

r i
n 

a 
no

n-
ha

za
rd

ou
s 

pl
ac

e.

(6
)

H
ig

hl
an

d
U

se
 th

e 
in

ve
rte

r a
t t

he
 a

lti
tu

de
 o

f w
ith

in
 1

00
0m

. 
If 

it 
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 u
se

d 
at

 a
 h

ig
he

r p
la

ce
, i

t i
s 

lik
el

y 
th

at
 th

in
 a

ir 
w

ill
 re

du
ce

 th
e 

co
ol

in
g 

ef
fe

ct
 a

nd
 lo

w
 a

ir 
pr

es
su

re
 w

ill
 d

et
er

io
ra

te
di

el
ec

tri
c 

st
re

ng
th

.

(7
)

Vi
br

at
io

n,
 im
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ct

Th
e 

vi
br

at
io

n 
re

si
st

an
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 o
f 

th
e 

in
ve

rte
r 

is
 u

p 
to

 5
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3.
1.

2
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at
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r r
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 m
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 m
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 d
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r c
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ps
 o
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t c
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 c
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 b
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 d
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t r
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 c
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l c
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 p
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 d
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l c
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 c
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 c
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 p
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 c
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 b
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t b
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r d
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t d
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 c
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3 PRECAUTIONS FOR USE OF THE INVERTER
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 c
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 c
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vi
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lo
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l s
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 m
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 c
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ta
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 c
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rte
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rte
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vi
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 b
e 
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w
in

g 
m

ea
su
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t b
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 d
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th
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si
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 c
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ru
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le
l w
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 w
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 th
e 

po
w
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 c

ab
le
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 a
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ta
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in
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no
is
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 m

ay
 b

e 
pr

op
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at
ed

 to
 th

e 
si
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le
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to
 m
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fu

nc
tio

n 
th

e 
de
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s 
an

d 
th
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g 

m
ea
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s 
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t b
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ta

ke
n:
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 d
ev
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w
ay
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le
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om

 th
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ve

rte
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)
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s 

as
 fa
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w
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 c
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no
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un
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e 
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le
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po
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er

 c
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le
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(in
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rte
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 c
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le
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nd
 d
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no

t b
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dl
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U
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 s
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el

d 
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bl
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 a
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si
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s 
an

d 
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w
er

 c
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le
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an
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ru
n 

th
em

 in
 in
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du
al
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et

al
 c
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 e
ffe
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he

n 
th

e 
po

w
er

 s
up

pl
ie

s 
of

 th
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pe
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he
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l d
ev

ic
es

 a
re

 c
on

ne
ct

ed
 to

 th
e 

po
w

er
 s

up
pl

y 
of

 th
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in
ve

rte
r i

n 
th

e 
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e 

lin
e,

 in
ve

rte
r-

ge
ne
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te

d 
no

is
es

 m
ay

 fl
ow

 b
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k 
th
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ug

h 
th

e 
po

w
er

 s
up
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ca
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es
 to

 m
al

fu
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tio
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th
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s 
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e 
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w
in
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m

ea
su
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s 
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t b
e 

ta
ke
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)
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et
 th
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E
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 fi
lte

r O
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 c
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 o
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 p
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lte
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 c
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 c
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 o
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 c
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l d
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 c
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, d
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 c
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 p
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 c
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filt
er

In
ve

rte
r Do

 n
ot

 e
ar

th
 (g

ro
un

d)
 s

hi
el

d 
bu

t c
on

ne
ct

 it
 to

 s
ig

na
l c

om
m

on
 c

ab
le

.
Do

 n
ot

 e
ar

th
 (g

ro
un

d)
 

en
clo

su
re

 d
ire

ct
ly

Do
 n

ot
 e

ar
th

 (g
ro

un
d)

 
co

nt
ro

l c
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 c
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 c
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3.
1.

3
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m
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 p
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 b
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m
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e 

su
rg

e 
vo

lta
ge

 o
n 

th
e 

in
ve

rte
r s

id
e

C
on

ne
ct

 th
e 

su
rg

e 
vo

lta
ge

 s
up

pr
es

si
on

 fi
lte

r 
(F

R
-A

S
F-

H
) 

to
 th

e 
01

80
0 

or
 le

ss
 a

nd
 th

e 
si

ne
 w

av
e 

fil
te

r 
(M

T-
B

S
L/

B
S

C
) t

o 
th

e 
02

16
0 

or
 m

or
e 

on
 th

e 
in

ve
rte

r o
ut

pu
t s

id
e.

W
iri

ng
 L

en
gt

h
50

m
  o

r l
es

s
50

m
 to

 1
00

m
 

ex
ce

ed
in

g 
10

0m
 

P
r. 

72
 P

W
M

 fr
eq

ue
nc

y 
se

le
ct

io
n

15
 (1

4.
5k

H
z)

 o
r l

es
s

9 
(9

kH
z)

 o
r l

es
s

4 
(4

kH
z)

 o
r l

es
s

C
A

U
TI

O
N

·
Fo

r 
de

ta
ils

 o
f P

r. 
72

 P
W

M
 f

re
qu

en
cy

 s
el

ec
tio

n 
, r

ef
er

 t
o 

pa
ge

 2
68

. (
W

he
n 

us
in

g 
an

 o
pt

io
n 

si
ne

 w
av

e 
fil

te
r 

(M
T-

B
S

L/
B

S
C

) 
fo

r 
th

e
02

16
0 

or
 m

or
e,

 s
et

 "2
5"

 (2
.5

kH
z)

 in
 P

r. 
72

. )
·

Fo
r e

xp
la

na
tio

n 
of

 s
ur

ge
 v

ol
ta

ge
 s

up
pr

es
si

on
 fi

lte
r (

FR
-A

S
F-

H
) a

nd
 s

in
e 

w
av

e 
fil

te
r (

M
T-

B
S

L/
B

S
C

), 
re

fe
r t

o 
th

e 
m

an
ua

l o
f e

ac
h

op
tio

n.
·

D
o 

no
t p

er
fo

rm
 v

ec
to

r c
on

tro
l w

ith
 a

 s
ur

ge
 v

ol
ta

ge
 s

up
pr

es
si

on
 fi

lte
r (

FR
-A

S
F-

H
) o

r s
in

e 
w

av
e 

fil
er

 (M
T-

B
S

L/
B

S
C

) c
on

ne
ct

ed
.
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56P
re

ca
ut

io
ns

 fo
r u

se
 o

f t
he

 in
ve

rte
r

3.
5

P
re

ca
ut

io
ns

 f
or

 u
se

 o
f 

th
e 

in
ve

rt
er

Th
e 

FR
-A

70
0 

se
rie

s 
is

 a
 h

ig
hl

y 
re

lia
bl

e 
pr

od
uc

t, 
bu

t i
nc

or
re

ct
 p

er
ip

he
ra

l c
irc

ui
t m

ak
in

g 
or

 o
pe

ra
tio

n/
ha

nd
lin

g 
m

et
ho

d
m

ay
 s

ho
rte

n 
th

e 
pr

od
uc

t l
ife

 o
r d

am
ag

e 
th

e 
pr

od
uc

t.
B

ef
or

e 
st

ar
tin

g 
op

er
at

io
n,

 a
lw

ay
s 

re
ch

ec
k 

th
e 

fo
llo

w
in

g 
ite

m
s.

(1
)

U
se

 c
rim

pi
ng

 te
rm

in
al

s 
w

ith
 in

su
la

tio
n 

sl
ee

ve
 to

 w
ire

 th
e 

po
w

er
 s

up
pl

y 
an

d 
m

ot
or

.

(2
)

A
pp

lic
at

io
n 

of
 p

ow
er

 to
 th

e 
ou

tp
ut

 te
rm

in
al

s 
(U

, V
, W

) o
f t

he
 in

ve
rte

r w
ill

 d
am

ag
e 

th
e 

in
ve

rte
r. 

N
ev

er
 p

er
fo

rm
 s

uc
h 

w
iri

ng
.

(3
)

A
fte

r w
iri

ng
, w

ire
 o

ffc
ut

s 
m

us
t n

ot
 b

e 
le

ft 
in

 th
e 

in
ve

rte
r.

W
ire

 o
ffc

ut
s 

ca
n 

ca
us

e 
an

 a
la

rm
, f

ai
lu

re
 o

r m
al

fu
nc

tio
n.

 A
lw

ay
s 

ke
ep

 th
e 

in
ve

rte
r c

le
an

. W
he

n 
dr

ill
in

g 
m

ou
nt

in
g 

ho
le

s 
in

an
 e

nc
lo

su
re

 e
tc

., 
ta

ke
 c

ar
e 

no
t t

o 
al

lo
w

 c
hi

ps
 a

nd
 o

th
er

 fo
re

ig
n 

m
at

te
r t

o 
en

te
r t

he
 in

ve
rte

r.

(4
)

U
se

 c
ab

le
s 

of
 th

e 
si

ze
 to

 m
ak

e 
a 

vo
lta

ge
 d

ro
p 

2%
 m

ax
im

um
.

If 
th

e 
w

iri
ng

 d
is

ta
nc

e 
is

 lo
ng

 b
et

w
ee

n 
th

e 
in

ve
rte

r a
nd

 m
ot

or
, a

 m
ai

n 
ci

rc
ui

t c
ab

le
 v

ol
ta

ge
 d

ro
p 

w
ill

 c
au

se
 th

e 
m

ot
or

 to
rq

ue
to

 d
ec

re
as

e 
es

pe
ci

al
ly

 a
t t

he
 o

ut
pu

t o
f a

 lo
w

 fr
eq

ue
nc

y.
R

ef
er

 to
 p

ag
e 

18
 fo

r t
he

 re
co

m
m

en
de

d 
ca

bl
e 

si
ze

s.

(5
)

Th
e 

ov
er

al
l w

iri
ng

 le
ng

th
 s

ho
ul

d 
be

 5
00

m
 m

ax
im

um
.

(T
he

 w
iri

ng
 le

ng
th

 s
ho

ul
d 

be
 1

00
m

  m
ax

im
um

 fo
r v

ec
to

r c
on

tro
l.)

Es
pe

ci
al

ly
 fo

r l
on

g 
di

st
an

ce
 w

iri
ng

, t
he

 fa
st

-re
sp

on
se

 c
ur

re
nt

 li
m

it 
fu

nc
tio

n 
m

ay
 b

e 
re

du
ce

d 
or

 th
e 

eq
ui

pm
en

t c
on

ne
ct

ed
 to

th
e 

in
ve

rte
r o

ut
pu

t s
id

e 
m

ay
 m

al
fu

nc
tio

n 
or

 b
ec

om
e 

fa
ul

ty
 u

nd
er

 th
e 

in
flu

en
ce

 o
f a

 c
ha

rg
in

g 
cu

rre
nt

 d
ue

 to
 th

e 
st

ra
y 

ca
pa

ci
ty

of
 th

e 
w

iri
ng

. T
he

re
fo

re
, n

ot
e 

th
e 

ov
er

al
l w

iri
ng

 le
ng

th
. (

R
ef

er
 to

 p
ag

e 
20

.)

(6
)

E
le

ct
ro

m
ag

ne
tic

 w
av

e 
in

te
rfe

re
nc

e
Th

e 
in

pu
t/o

ut
pu

t 
(m

ai
n 

ci
rc

ui
t) 

of
 t

he
 i

nv
er

te
r 

in
cl

ud
es

 h
ig

h 
fre

qu
en

cy
 c

om
po

ne
nt

s,
 w

hi
ch

 m
ay

 i
nt

er
fe

re
 w

ith
 t

he
co

m
m

un
ic

at
io

n 
de

vi
ce

s 
(s

uc
h 

as
 A

M
 r

ad
io

s)
 u

se
d 

ne
ar

 th
e 

in
ve

rte
r. 

A
n 

E
M

C
 fi

lte
r 

ca
n 

m
in

im
iz

e 
no

is
e 

in
te

rfe
re

nc
e.

(7
)

D
o 

no
t i

ns
ta

ll 
a 

po
w

er
 fa

ct
or

 c
or

re
ct

io
n 

ca
pa

ci
to

r, 
su

rg
e 

su
pp

re
ss

or
 o

r r
ad

io
 n

oi
se

 fi
lte

r o
n 

th
e 

in
ve

rte
r o

ut
pu

t s
id

e.
Th

is
 w

ill
 c

au
se

 th
e 

in
ve

rte
r t

o 
tri

p 
or

 th
e 

ca
pa

ci
to

r, 
an

d 
su

rg
e 

su
pp

re
ss

or
 to

 b
e 

da
m

ag
ed

. I
f a

ny
 o

f t
he

 a
bo

ve
 d

ev
ic

es
 is

in
st

al
le

d,
 im

m
ed

ia
te

ly
 re

m
ov

e 
it.

(8
)

Be
fo

re
 s

ta
rti

ng
 w

iri
ng

 o
r o

th
er

 w
or

k 
af

te
r 

th
e 

in
ve

rte
r i

s 
op

er
at

ed
, w

ai
t f

or
 a

t l
ea

st
 1

0 
m

in
ut

es
 a

fte
r t

he
 p

ow
er

 s
up

pl
y 

ha
s

be
en

 s
w

itc
he

d 
of

f, 
an

d 
ch

ec
k 

th
at

 th
er

e 
ar

e 
no

 re
si

du
al

 v
ol

ta
ge

 u
si

ng
 a

 te
st

er
 o

r t
he

 li
ke

. T
he

 c
ap

ac
ito

r i
s 

ch
ar

ge
d 

w
ith

 h
ig

h
vo

lta
ge

 fo
r s

om
e 

tim
e 

af
te

r p
ow

er
 o

ff 
an

d 
it 

is
 d

an
ge

ro
us

.

(9
)

A
 s

ho
rt 

ci
rc

ui
t o

r e
ar

th
 (g

ro
un

d)
 fa

ul
t o

n 
th

e 
in

ve
rte

r o
ut

pu
t s

id
e 

m
ay

 d
am

ag
e 

th
e 

in
ve

rte
r m

od
ul

es
.

·
Fu

lly
 c

he
ck

 th
e 

in
su

la
tio

n 
re

si
st

an
ce

 o
f t

he
 c

irc
ui

t p
rio

r 
to

 in
ve

rte
r 

op
er

at
io

n 
si

nc
e 

re
pe

at
ed

 s
ho

rt 
ci

rc
ui

ts
 c

au
se

d 
by

pe
rip

he
ra

l c
irc

ui
t 

in
ad

eq
ua

cy
 o

r 
an

 e
ar

th
 (

gr
ou

nd
) 

fa
ul

t 
ca

us
ed

 b
y 

w
iri

ng
 in

ad
eq

ua
cy

 o
r 

re
du

ce
d 

m
ot

or
 in

su
la

tio
n

re
si

st
an

ce
 m

ay
 d

am
ag

e 
th

e 
in

ve
rte

r m
od

ul
es

.
·

Fu
lly

 c
he

ck
 th

e 
to

-e
ar

th
 (g

ro
un

d)
 in

su
la

tio
n 

an
d 

in
te

r-p
ha

se
 in

su
la

tio
n 

of
 th

e 
in

ve
rte

r o
ut

pu
t s

id
e 

be
fo

re
 p

ow
er

-o
n.

Es
pe

ci
al

ly
 fo

r a
n 

ol
d 

m
ot

or
 o

r u
se

 in
 h

os
til

e 
at

m
os

ph
er

e,
 s

ec
ur

el
y 

ch
ec

k 
th

e 
m

ot
or

 in
su

la
tio

n 
re

si
st

an
ce

 e
tc

.

(1
0)

D
o 

no
t u

se
 th

e 
in

ve
rte

r i
np

ut
 s

id
e 

m
ag

ne
tic

 c
on

ta
ct

or
 to

 s
ta

rt/
st

op
 th

e 
in

ve
rte

r.
A

lw
ay

s 
us

e 
th

e 
st

ar
t s

ig
na

l (
O

N
/O

FF
 o

f S
TF

 a
nd

 S
TR

 s
ig

na
ls

) t
o 

st
ar

t/s
to

p 
th

e 
in

ve
rte

r. 

(1
1)

Ac
ro

ss
 P

/+
 a

nd
 P

R
 te

rm
in

al
s,

 c
on

ne
ct

 o
nl

y 
an

 e
xt

er
na

l r
eg

en
er

at
iv

e 
br

ak
e 

di
sc

ha
rg

e 
re

si
st

or
.

D
o 

no
t c

on
ne

ct
 a

 m
ec

ha
ni

ca
l b

ra
ke

.

(1
2)

D
o 

no
t a

pp
ly

 a
 v

ol
ta

ge
 h

ig
he

r t
ha

n 
th

e 
pe

rm
is

si
bl

e 
vo

lta
ge

 to
 th

e 
in

ve
rte

r I
/O

 s
ig

na
l c

irc
ui

ts
.

C
on

ta
ct

 to
 th

e 
in

ve
rte

r I
/O

 s
ig

na
l c

irc
ui

ts
 o

r o
pp

os
ite

 p
ol

ar
ity

 m
ay

 d
am

ag
e 

th
e 

I/O
 d

ev
ic

es
. E

sp
ec

ia
lly

 c
he

ck
 th

e 
w

iri
ng

 to
pr

ev
en

t t
he

 s
pe

ed
 s

et
tin

g 
po

te
nt

io
m

et
er

 fr
om

 b
ei

ng
 c

on
ne

ct
ed

 in
co

rre
ct

ly
 to

 s
ho

rt 
te

rm
in

al
s 

10
E-

5.

(1
3)

P
ro

vi
de

 e
le

ct
ric

al
 a

nd
 m

ec
ha

ni
ca

l 
in

te
rlo

ck
s 

fo
r 

M
C

1 
an

d
M

C
2 

w
hi

ch
 a

re
 u

se
d 

fo
r e

le
ct

ro
ni

c 
by

pa
ss

.
W

he
n 

th
e 

w
iri

ng
 i

s 
in

co
rre

ct
 o

r 
if 

th
er

e 
is

 a
n 

el
ec

tro
ni

c
by

pa
ss

 c
irc

ui
t 

as
 s

ho
w

n 
on

 t
he

 r
ig

ht
, 

th
e 

in
ve

rte
r 

w
ill

 b
e

da
m

ag
ed

 b
y 

le
ak

ag
e 

cu
rre

nt
 fr

om
 th

e 
po

w
er

 s
up

pl
y 

du
e 

to
ar

cs
 g

en
er

at
ed

 a
t 

th
e 

tim
e 

of
 s

w
itc

h-
ov

er
 o

r 
ch

at
te

rin
g

ca
us

ed
 b

y 
a 

se
qu

en
ce

 e
rro

r.
(C

om
m

er
ci

al
 o

pe
ra

tio
n 

ca
n 

no
t b

e 
pe

rfo
rm

ed
 w

ith
 th

e 
ve

ct
or

de
di

ca
te

d 
m

ot
or

 (S
F-

V5
R

U
, S

F-
TH

Y)
.)

(R
ef

er
 to

 p
ag

e 
13

)

(R
ef

er
 to

 p
ag

e 
54

)

Po
we

r
su

pp
ly

In
ve

rte
r

Un
de

sir
ab

le
 c

ur
re

nt
M

C2

M
C1

In
te

rlo
ck

U V W

R/
1

S/
2

T/
3
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3 PRECAUTIONS FOR USE OF THE INVERTER

57

P
re

ca
ut

io
ns

 fo
r u

se
 o

f t
he

 in
ve

rte
r

(1
4)

If 
th

e 
m

ac
hi

ne
 m

us
t n

ot
 b

e 
re

st
ar

te
d 

w
he

n 
po

w
er

 is
 re

st
or

ed
 a

fte
r a

 p
ow

er
 fa

ilu
re

, p
ro

vi
de

 a
 m

ag
ne

tic
 c

on
ta

ct
or

 in
 th

e
in

ve
rte

r's
 in

pu
t s

id
e 

an
d 

al
so

 m
ak

e 
up

 a
 s

eq
ue

nc
e 

w
hi

ch
 w

ill
 n

ot
 s

w
itc

h 
on

 th
e 

st
ar

t s
ig

na
l.

If 
th

e 
st

ar
t s

ig
na

l (
st

ar
t s

w
itc

h)
 r

em
ai

ns
 o

n 
af

te
r 

a 
po

w
er

 fa
ilu

re
, t

he
 in

ve
rte

r 
w

ill 
au

to
m

at
ic

al
ly

 r
es

ta
rt 

as
 s

oo
n 

as
 th

e
po

w
er

 is
 re

st
or

ed
.

(1
5)

In
st

ru
ct

io
ns

 fo
r o

ve
rlo

ad
 o

pe
ra

tio
n

W
he

n 
pe

rfo
rm

in
g 

an
 o

pe
ra

tio
n 

of
 fr

eq
ue

nt
 s

ta
rt/

st
op

 w
ith

 th
e 

in
ve

rte
r, 

ris
e/

fa
ll 

in
 th

e 
te

m
pe

ra
tu

re
 o

f t
he

 tr
an

si
st

or
 e

le
m

en
t

of
 th

e 
in

ve
rte

r w
ill

 re
pe

at
 d

ue
 to

 a
 c

on
tin

uo
us

 fl
ow

 o
f l

ar
ge

 c
ur

re
nt

, s
ho

rte
ni

ng
 th

e 
lif

e 
fro

m
 th

er
m

al
 fa

tig
ue

. S
in

ce
 th

er
m

al
fa

tig
ue

 is
 r

el
at

ed
 t

o 
th

e 
am

ou
nt

 o
f c

ur
re

nt
, 

th
e 

lif
e 

ca
n 

be
 in

cr
ea

se
d 

by
 r

ed
uc

in
g 

cu
rre

nt
 a

t l
oc

ke
d 

co
nd

iti
on

, s
ta

rti
ng

cu
rre

nt
, e

tc
. D

ec
re

as
in

g 
cu

rre
nt

 m
ay

 in
cr

ea
se

 th
e 

lif
e.

 H
ow

ev
er

, d
ec

re
as

in
g 

cu
rre

nt
 w

ill 
re

su
lt 

in
 in

su
ffi

ci
en

t t
or

qu
e 

an
d

th
e 

in
ve

rte
r m

ay
 n

ot
 s

ta
rt.

 T
he

re
fo

re
, c

ho
os

e 
th

e 
in

ve
rte

r w
hi

ch
 h

as
 e

no
ug

h 
al

lo
w

an
ce

 fo
r c

ur
re

nt
 (u

p 
to

 2
 ra

nk
 la

rg
er

 in
ca

pa
ci

ty
).

(1
6)

M
ak

e 
su

re
 th

at
 th

e 
sp

ec
ifi

ca
tio

ns
 a

nd
 ra

tin
g 

m
at

ch
 th

e 
sy

st
em

 re
qu

ire
m

en
ts

.

(1
7)

A
 m

ot
or

 w
ith

 e
nc

od
er

 is
 n

ec
es

sa
ry

 fo
r v

ec
to

r c
on

tro
l. 

In
 a

dd
iti

on
, c

on
ne

ct
 th

e 
en

co
de

r d
ire

ct
ly

 to
 th

e 
ba

ck
la

sh
-fr

ee
 m

ot
or

sh
af

t. 
(A

n 
en

co
de

r i
s 

no
t n

ec
es

sa
ry

 fo
r r

ea
l s

en
so

rle
ss

 v
ec

to
r c

on
tro

l.)
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Parameter List

P
ar

am
et

er
 L

is
t
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Parameter List
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Parameter List
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4 PARAMETERS
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4 PARAMETERS
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 re
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 c
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 c
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 b
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 c
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at
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l, 
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ct
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 c
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l

4 PARAMETERS

(2
)

Sp
ee

d 
fe

ed
 fo

rw
ar

d 
co

nt
ro

l (
Pr

. 8
77

 =
 "

1"
)

C
al

cu
la

te
 re

qu
ire

d 
to

rq
ue

 in
 re

sp
on

ce
 to

 th
e 

ac
ce

le
ra

tio
n/

de
ce

le
ra

tio
n 

co
m

m
an

d 
fo

r t
he

 in
er

tia
 ra

tio
 s

et
 in

 P
r. 

88
0 

an
d

ge
ne

ra
te

 to
rq

ue
 im

m
ed

ia
te

ly.
W

he
n 

th
e 

sp
ee

d 
fe

ed
 fo

rw
ar

d 
ga

in
 is

 1
00

%
, t

he
 c

al
cu

la
tio

n 
re

su
lt 

of
 th

e 
sp

ee
d 

fe
ed

 fo
rw

ar
d 

is
 re

fle
ct

ed
 a

s-
is

.
If 

th
e 

sp
ee

d 
co

m
m

an
d 

ch
an

ge
s 

su
dd

en
ly,

 la
rg

e 
to

rq
ue

 is
 g

en
er

at
ed

 d
ue

 to
 th

e 
sp

ee
d 

fe
ed

 fo
rw

ar
d 

ca
lc

ul
at

io
n.

 T
he

m
ax

im
um

 v
al

ue
 o

f t
he

 s
pe

ed
 fe

ed
 fo

rw
ar

d 
is

 li
m

ite
d 

us
in

g 
P

r. 
87

9 
.

U
si

ng
 P

r.8
78

, t
he

 s
pe

ed
 fe

ed
 fo

rw
ar

d 
re

su
lt 

ca
n 

be
 d

ul
le

d 
by

 th
e 

pr
im

ar
y 

de
la

y 
fil

te
r.

(3
)

M
od

el
 a

da
pt

iv
e 

sp
ee

d 
co

nt
ro

l (
Pr

. 8
77

 =
 "

2"
)

Th
e 

m
ot

or
's

 m
od

el
 s

pe
ed

 is
 c

al
cu

la
te

d 
to

 fe
ed

 b
ac

k 
th

e 
m

od
el

 s
id

e 
sp

ee
d 

co
nt

ro
lle

r. 
Th

is
 m

od
el

 s
pe

ed
 is

 a
ls

o 
us

ed
as

 th
e 

ac
tu

al
 s

pe
ed

 c
on

tro
lle

r c
om

m
an

d.
Th

e 
in

er
tia

 ra
tio

 in
 P

r. 
88

0 
is

 u
se

d 
fo

r c
al

cu
la

tio
n 

of
 th

e 
to

rq
ue

 c
ur

re
nt

 c
om

m
an

d 
va

lu
e 

gi
ve

n 
by

 th
e 

m
od

el
 s

id
e 

sp
ee

d
co

nt
ro

lle
r.

Th
e 

to
rq

ue
 c

ur
re

nt
 c

om
m

an
d 

va
lu

e 
of

 th
e 

m
od

el
 s

id
e 

sp
ee

d 
co

nt
ro

lle
r 

is
 a

dd
ed

 to
 th

e 
ou

tp
ut

 o
f t

he
 a

ct
ua

l s
pe

ed
co

nt
ro

lle
r, 

an
d 

th
e 

re
su

lt 
is

 u
se

d 
as

 th
e 

iq
 c

ur
re

nt
 c

on
tro

l i
np

ut
.

P
r. 

82
8 

is
 u

se
d 

fo
r 

m
od

el
 s

id
e 

sp
ee

d 
co

nt
ro

l (
P

 c
on

tro
l),

 a
nd

 th
e 

fir
st

 g
ai

n 
in

 P
r. 

82
0 

 is
 u

se
d 

fo
r 

th
e 

ac
tu

al
 s

pe
ed

co
nt

ro
lle

r. 
Th

e 
m

od
el

 a
da

pt
iv

e 
sp

ee
d 

co
nt

ro
l i

s 
va

lid
 fo

r t
he

 fi
rs

t m
ot

or
 o

nl
y.

W
he

n 
P

r. 
87

7 
= 

2,
 s

w
itc

hi
ng

 to
 th

e 
se

co
nd

 m
ot

or
 h

an
dl

es
 th

e 
se

co
nd

 m
ot

or
 a

s 
P

r. 
87

7 
 =

 0
.

(4
)

C
om

bi
na

tio
n 

of
 e

as
y 

ga
in

 tu
ni

ng
Th

e 
fo

llo
w

in
g 

ta
bl

e 
in

di
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te
s 

th
e 

re
la

tio
ns

hi
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 b
et

w
ee

n 
th

e 
sp

ee
d 

fe
ed
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rw

ar
d/

m
od

el
 a

da
pt

iv
e 

sp
ee

d 
co

nt
ro

l a
nd

 e
as

y
ga

in
 tu

ni
ng

 fu
nc

tio
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C
A

U
TI

O
N

Th
e 

ad
eq

ua
te

 g
ai

n 
va

lu
e 

fo
r t

he
 m

od
el

 a
nd

 a
ct

ua
l l

oo
p 

pa
rts

 a
re

 s
et

 a
cc

or
di

ng
 to

 th
e 

re
sp

on
ce

 s
et

tin
g 

of
 e

as
y 

ga
in

 tu
ni

ng
 u

nd
er

m
od

el
 a

da
pt

iv
e 

sp
ee

d 
co

nt
ro

l. 
To

 i
nc

re
as

e 
th

e 
re

sp
on

ce
 l

ev
el

, 
th

e 
P

r. 
81

8 
E

as
y 

ga
in

 t
un

in
g 

re
sp

on
se

 l
ev

el
 s

et
tin

g 
ne

ed
s 

to
 b

e
ch

an
ge

d 
(in

cr
ea

se
d)

.
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 G
ai
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ni
ng

 S
el

ec
tio
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 S

et
tin

g
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1
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Lo
ad

 in
er

tia
 ra

tio
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M

an
ua

l i
np

ut
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er

tia
 ra

tio
 e

st
im

at
io
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lu
e 
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ni
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an
ua

l i
np

ut
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na
bl
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a 
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an

ua
l i

np
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 g
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an
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l i
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ut
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ni
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re
 d
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 d
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ra
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 d

is
pl

ay
ed

.
W
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 d
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M
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 c
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 d
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W
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 d
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ro
l P
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 P
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l P
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2 
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ef
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 p
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1 
Sp

ee
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ra
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 d
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 s
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 s
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.
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r
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 b
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 th
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 b
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 c
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 b
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 c
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 c
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84
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 th
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lo
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99
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 b
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ue

 b
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 b
ia

s 
2

10
00

 to
 1

40
0%

P
os

iti
ve

 to
rq

ue
 b

ia
s 

am
ou

nt
 (0

%
 to

 4
00

%
)

84
3

To
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ue
 b
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s 

fil
te

r
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to
 5

s
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m
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un
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 to
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ue
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op

er
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at
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n 
tim
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nt
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 b
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s 
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at
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 b
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m
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ns

at
io
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S
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lta
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 u
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 b
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e 
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at
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 b
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rm

in
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S

et
 th
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bi
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 c
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m
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99
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 a
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 ri
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m
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 b
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S
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 v
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 c
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m
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S
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e 
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m
e 
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m
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n 
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P
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ct
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m
m
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d
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 b
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1
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 b
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s 
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2
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 p
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s
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 C
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 C
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4 PARAMETERS

S
pe

ed
 c

on
tro

l b
y 

re
al

 s
en

so
rle

ss
 v

ec
to

r
co

nt
ro

l, 
ve

ct
or

 c
on

tro
l

(2
)

Se
tti

ng
 to

rq
ue

 b
ia

s 
am

ou
nt

 w
ith

 th
e 

co
nt

ac
t i

np
ut

 (P
r. 

84
0 

= 
"0

")
S

el
ec

t t
he

 to
rq

ue
 b

ia
s 

am
ou

nt
 in

 th
e 

ta
bl

e 
be

lo
w

 a
cc

or
di

ng
 to

 th
e 

co
m

bi
na

tio
n 

of
 c

on
ta

ct
 s

ig
na

ls
.

S
et
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 in
 P

r. 
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to

 P
r. 
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9 

(i
np

ut
 te

rm
in
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 fu
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tio

n 
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io
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r t
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rm
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 u

se
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fo
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 s

ig
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 s

et
 "4

3"
 fo

r
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te
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 u
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l i
np

ut
 to
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n 

fu
nc

tio
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.

E
xa

m
pl

e)
 w

he
n 

P
r. 
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25
, 2

5%
   

   
w

he
n 

P
r. 

84
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= 
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5%
   

   
w

he
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P
r. 

84
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5%
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)
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ue

 b
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s 
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ou
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 w
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C
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t f
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 b
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r d
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ra
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 m
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 m
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 m
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e 

LE
D

 is
 o

ff 
w

he
n 

th
e 

te
rm

in
al

 is
 o

ff.
 T

he
 c
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 s
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 m
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 c
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 m
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 p
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ra
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 d
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t c
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 d
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m
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 c
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m
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m
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 p
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 m
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r r
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 d
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 c
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f c
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r c
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 d
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 d
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 p
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 d
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 d
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ra
tio

n 
Pa

ne
l *

1
Pa

ra
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0.
01

kW
h

0 
to

 9
99

.9
9k

W
h

0.
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 d
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 d
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 m
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ra
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 d
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 c
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 d
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 re
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P
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 p
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r d

is
pl

ay
s 

an
 in

te
ge

r v
al

ue
 (1

 in
cr

em
en

ts
).

Th
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 p
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 d
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 d
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 d
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tio
n

R
el
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ed

 
Pa

ra
m

et
er

s
C

om
m

un
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at
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ol
M
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s-
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 p

ro
to
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l

P
r. 
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on

fo
rm

in
g 

st
an

da
rd

E
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85
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S
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85

)
N

um
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r o
f i

nv
er
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 c
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ne
ct

ed
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 N
 (m

ax
im

um
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un

its
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se
tti

ng
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 to
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47

 s
ta

tio
ns

P
r. 
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C
om

m
un
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at

io
n 

sp
ee

d
C

an
 b

e 
se

le
ct

ed
 fr

om
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00
, 6

00
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0,
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80
0,
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00
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nd
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00
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s
P

r. 
33

2
C

on
tr

ol
 p

ro
to

co
l

A
sy

nc
hr
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ou

s 
sy

st
em

C
om

m
un

ic
at

io
n 

m
et

ho
d

H
al

f-d
up

le
x 

sy
st

em

C
om

m
un

ic
at

io
n 

sp
ec

ifi
ca

tio
ns

Ch
ar

ac
te

r s
ys

te
m

B
in

ar
y(

fix
ed

 to
 8

 b
its

)
St

ar
t b

it
1b

it

St
op

 b
it 

le
ng

th
S

el
ec

t f
ro

m
 th

e 
fo

llo
w

in
g 

th
re

e 
ty

pe
s

 N
o 

pa
rit

y,
 s

to
p 

bi
t l

en
gt

h 
2 
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ts

O
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 p
ar

ity
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to
p 
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t l

en
gt

h 
1 
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t

E
ve

n 
pa

rit
y,
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to

p 
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t l
en

gt
h 

1 
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t
P

r. 
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C
om

m
un

ic
at

io
n 

op
er

at
io

n 
an

d 
se

tti
ng

(2
)

O
ut

lin
e

Th
e 

M
od

bu
s 

pr
ot

oc
ol

 is
 th

e 
co

m
m

un
ic

at
io

n 
pr

ot
oc

ol
 d

ev
el

op
ed

 b
y 

M
od

ic
on

 fo
r P

LC
.

Th
e 

M
od

bu
s 

pr
ot

oc
ol

 p
er

fo
rm

s 
se

ria
l c

om
m

un
ic

at
io

n 
be

tw
ee

n 
th

e 
m

as
te

r 
an

d 
sl

av
e 

us
in

g 
th

e 
de

di
ca

te
d 

m
es

sa
ge

fra
m

e.
 T

he
 d

ed
ic

at
ed

 m
es

sa
ge

 fr
am

e 
ha

s 
th

e 
fu

nc
tio

ns
 th

at
 c

an
 p

er
fo

rm
 d

at
a 

re
ad

 a
nd

 w
rit

e.
 U

si
ng

 th
e 

fu
nc

tio
ns

,
yo

u 
ca

n 
re

ad
 a

nd
 w

rit
e 

th
e 

pa
ra

m
et

er
 v

al
ue

s 
fro

m
 th

e 
in

ve
rte

r, 
w

rit
e 

th
e 

in
pu

t c
om

m
an

d 
of

 th
e 

in
ve

rte
r, 

an
d 

ch
ec

k
th

e 
op

er
at

in
g 

st
at

us
. I

n 
th

is
 p

ro
du

ct
, t

he
 in

ve
rte

r d
at

a 
ar

e 
cl

as
si

fie
d 

in
 th

e 
ho

ld
in

g 
re

gi
st

er
 a

re
a 

(r
eg

is
te

r a
dd

re
ss

es
40

00
1 

to
 4

99
99

). 
B

y 
ac

ce
ss

in
g 

th
e 

as
si

gn
ed

 h
ol

di
ng

 re
gi

st
er

 a
dd

re
ss

, t
he

 m
as

te
r c

an
 c

om
m

un
ic

at
e 

w
ith

 th
e 

in
ve

rte
r

w
hi

ch
 is

 a
 s

la
ve

.

(3
)

M
es

sa
ge

 fo
rm

at

D
at

a 
ch

ec
k 

tim
e

1)
Q

ue
ry

Th
e 

m
as

te
r s

en
ds

 a
 m

es
sa

ge
 to

 th
e 

sl
av

e 
(=

 in
ve

rte
r)

 a
t t

he
 s

pe
ci

fie
d 

ad
dr

es
s.

2)
N

or
m

al
 R

es
po

ns
e

A
fte

r r
ec

ei
vi

ng
 th

e 
qu

er
y 

fro
m

 th
e 

m
as

te
r, 

th
e 

sl
av

e 
ex

ec
ut

es
 th

e 
re

qu
es

te
d 

fu
nc

tio
n 

an
d 

re
tu

rn
s 

th
e 

co
rr

es
po

nd
in

g
no

rm
al

 re
sp

on
se

 to
 th

e 
m

as
te

r.
3)

E
rr

or
 R

es
po

ns
e

If 
an

 in
va

lid
 fu

nc
tio

n 
co

de
, a

dd
re

ss
 o

r d
at

a 
is

 re
ce

iv
ed

, t
he

 s
la

ve
 re

tu
rn

s 
it 

to
 th

e 
m

as
te

r.
W

he
n 

a 
re

sp
on

se
 d

es
cr

ip
tio

n 
is

 r
et

ur
ne

d,
 t

he
 e

rr
or

 c
od

e 
in

di
ca

tin
g 

th
at

 t
he

 r
eq

ue
st

 f
ro

m
 t

he
 m

as
te

r 
ca

nn
ot

 b
e

ex
ec

ut
ed

 is
 a

dd
ed

.
N

o 
re

sp
on

se
 is

 re
tu

rn
ed

 fo
r t

he
 h

ar
dw

ar
e-

de
te

ct
ed

 e
rr

or
, f

ra
m

e 
er

ro
r a

nd
 C

R
C

 c
he

ck
 e

rr
or

.
4)

B
ro

ad
ca

st
B

y 
sp

ec
ify

in
g 

ad
dr

es
s 

0,
 th

e 
m

as
te

r c
an

 s
en

d 
a 

m
es

sa
ge

 to
 a

ll 
sl

av
es

. A
ll 

sl
av

es
 th

at
 re

ce
iv

ed
 th

e 
m

es
sa

ge
 fr

om
 th

e
m

as
te

r e
xe

cu
te

 th
e 

re
qu

es
te

d 
fu

nc
tio

n.
 In

 th
is

 c
om

m
un

ic
at

io
n,

 th
e 

sl
av

es
 d

o 
no

t r
et

ur
n 

a 
re

sp
on

se
 to

 th
e 

m
as

te
r.

R
EM

A
R

K
S

Th
er

e 
ar

e 
tw

o 
di

ffe
re

nt
 s

er
ia

l t
ra

ns
m

is
si

on
 m

od
es

: A
S

C
II 

(A
m

er
ic

an
 S

ta
nd

ar
d 

C
od

e 
fo

r I
nf

or
m

at
io

n 
In

te
rc

ha
ng

e)
 m

od
e 

an
d 

R
TU

(R
em

ot
e 

Te
rm

in
al

 U
ni

t) 
m

od
e.

 T
hi

s 
pr

od
uc

t s
up

po
rts

 o
nl

y 
th

e 
R

TU
 m

od
e 

in
 w

hi
ch

 1
-b

yt
e 

(8
-b

it)
 d

at
a 

is
 tr

an
sm

itt
ed

 a
s-

is
.

O
nl

y 
th

e 
co

m
m

un
ic

at
io

n 
pr

ot
oc

ol
 is

 d
ef

in
ed

 b
y 

th
e 

M
od

bu
s 

pr
ot

oc
ol

, a
nd

 th
e 

ph
ys

ic
al

 la
ye

r i
s 

no
t s

tip
ul

at
ed

.

Ite
m

C
he

ck
 T

im
e

Va
rio

us
 m

on
ito

rs
, o

pe
ra

tio
n 

co
m

m
an

d,
 

fre
qu

en
cy

 s
et

tin
g 

(R
A

M
)

< 
12

m
s

P
ar

am
et

er
 re

ad
/w

rit
e,

 fr
eq

ue
nc

y 
se

tti
ng

 (E
E

P
R

O
M

)
< 

30
m

s

P
ar

am
et

er
 c

le
ar

/a
ll 

cl
ea

r
< 

5s
R

es
et

 c
om

m
an

d
N

o 
an

sw
er

R
EM

A
R

K
S

Th
e 

sl
av

e 
ex

ec
ut

es
 th

e 
fu

nc
tio

n 
in

de
pe

nd
en

tly
 o

f t
he

 in
ve

rte
r s

ta
tio

n 
nu

m
be

r s
et

tin
g 

(P
r. 
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 d
ur

in
g 

br
oa

dc
as

t c
om

m
un

ic
at

io
n.

Q
ue

ry
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om
m

un
ica

tio
n
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oa

dc
as

t c
om

m
un
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tio

nQ
ue

ry
 M

es
sa

ge

Q
ue

ry
 M
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sa

ge

Re
sp

on
se

 M
es

sa
ge

In
ve

rte
r (

sla
ve

)

In
ve

rte
r (

sla
ve

)
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C 

(M
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r)
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C 

(M
as

te
r)

No
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es
po

ns
e

In
ve

rte
r r

es
po

ns
e 

tim
e
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ef

er
 to

 th
e 

fo
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wi
ng
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e 
fo

r t
he
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ta
 c
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m
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m
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C
om

m
un

ic
at

io
n 

op
er

at
io

n 
an

d 
se

tti
ng

4 PARAMETERS

(4
)

M
es

sa
ge

 fr
am

e 
(p

ro
to

co
l)

C
om

m
un

ic
at

io
n 

m
et

ho
d

B
as

ic
al

ly,
 t

he
 m

as
te

r 
se

nd
s 

a 
qu

er
y 

m
es

sa
ge

 (
qu

es
tio

n)
 a

nd
 t

he
 s

la
ve

 r
et

ur
ns

 a
 r

es
po

ns
e 

m
es

sa
ge

(r
es

po
ns

e)
. W

he
n 

co
m

m
un

ic
at

io
n 

is
 n

or
m

al
, D

ev
ic

e 
A

dd
re

ss
 a

nd
 F

un
ct

io
n 

C
od

e 
ar

e 
co

pi
ed

 a
s 

th
ey

 a
re

, a
nd

w
he

n 
co

m
m

un
ic

at
io

n 
is

 a
bn

or
m

al
 (

fu
nc

tio
n 

co
de

 o
r 

da
ta

 c
od

e 
is

 il
le

ga
l),

 b
it 

7 
(=

 8
0h

) 
of

 F
un

ct
io

n 
C

od
e 

is
tu

rn
ed

 o
n 

an
d 

th
e 

er
ro

r c
od

e 
is

 s
et

 to
 D

at
a 

B
yt

es
.

Th
e 

m
es

sa
ge

 fr
am

e 
co

ns
is

ts
 o

f t
he

 fo
ur

 m
es

sa
ge

 fi
el

ds
 a

s 
sh

ow
n 

ab
ov

e.
B

y 
ad

di
ng

 th
e 

no
-d

at
a 

tim
e 

(T
1:

 S
ta

rt,
 E

nd
) 

of
 3

.5
 c

ha
ra

ct
er

s 
to

 th
e 

be
gi

nn
in

g 
an

d 
en

d 
of

 th
e 

m
es

sa
ge

 d
at

a,
th

e 
sl

av
e 

re
co

gn
iz

es
 it

 a
s 

on
e 

m
es

sa
ge

.
P

ro
to

co
l d

et
ai

ls
Th

e 
fo

ur
 m

es
sa

ge
 fi

el
ds

 w
ill

 b
e 

ex
pl

ai
ne

d 
be

lo
w.

Q
ue

ry
 m

es
sa

ge
 fr

om
 M

as
te

r
D

ev
ic

e 
A

dd
re

ss
D

ev
ic

e 
A

dd
re

ss
Fu

nc
tio

n 
C

od
e

Fu
nc

tio
n 

C
od

e

E
ig

ht
-B

it
D

at
a 

B
yt

es
E

ig
ht

-B
it

D
at

a 
B

yt
es

E
rr

or
 C

he
ck

E
rr

or
 C

he
ck

R
es

po
ns

e 
m

es
sa

ge
 fr

om
 s

la
ve

St
ar

t
1)

 A
D

D
R

ES
S

2)
 F

U
N

C
TI

O
N

3)
 D

AT
A

4)
 C

R
C

 C
H

EC
K

En
d

T1
8b

it
8b

it
n 

8b
it

L 8b
it

H 8b
it

T1

M
es

sa
ge

 F
ie

ld
D

es
cr

ip
tio

n

1)
 A

D
D

R
E

S
S

 fi
el

d

Th
e 

ad
dr

es
s 

is
 1

 b
yt

e 
lo

ng
 (8

 b
its

) a
nd

 a
ny

 o
f 0

 to
 2

47
 c

an
 b

e 
se

t. 
S

et
 0

 to
 s

en
d 

a 
br

oa
dc

as
t 

m
es

sa
ge

 (a
ll-

ad
dr

es
s 

in
st

ru
ct

io
n)

 o
r a

ny
 o

f 1
 to

 2
47

 to
 s

en
d 

a 
m

es
sa

ge
 to

 e
ac

h 
sl

av
e.

W
he

n 
th

e 
sl

av
e 

re
sp

on
ds

, i
t r

et
ur

ns
 th

e 
ad

dr
es

s 
se

t f
ro

m
 th

e 
m

as
te

r.
Th

e 
va

lu
e 

se
t t

o 
P

r. 
33

1 
R

S-
48

5 
co

m
m

un
ic

at
io

n 
st

at
io

n 
nu

m
be

r i
s 

th
e 

sl
av

e 
ad

dr
es

s.

2)
 F

U
N

C
TI

O
N

 fi
el

d

Th
e 

fu
nc

tio
n 

co
de

 is
 1

 b
yt

e 
lo

ng
 (8

 b
its

) a
nd

 a
ny

 o
f 1

 to
 2

55
 c

an
 b

e 
se

t. 
Th

e 
m

as
te

r s
et

s 
th

e 
fu

nc
tio

n 
th

at
 it

 w
an

ts
 to

 re
qu

es
t f

ro
m

 th
e 

sl
av

e,
 a

nd
 th

e 
sl

av
e 

pe
rfo

rm
s 

th
e 

re
qu

es
te

d 
op

er
at

io
n.

 T
he

 fo
llo

w
in

g 
ta

bl
e 

gi
ve

s 
th

e 
su

pp
or

te
d 

fu
nc

tio
n 

co
de

s.
 A

n 
er

ro
r r

es
po

ns
e 

is
 

re
tu

rn
ed

 if
 th

e 
se

t f
un

ct
io

n 
co

de
 is

 o
th

er
 th

an
 th

os
e 

in
 th

e 
fo

llo
w

in
g 

ta
bl

e.
W

he
n 

th
e 

sl
av

e 
re

tu
rn

s 
a 

no
rm

al
 re

sp
on

se
, i

t r
et

ur
ns

 th
e 

fu
nc

tio
n 

co
de

 s
et

 b
y 

th
e 

m
as

te
r. 

W
he

n 
th

e 
sl

av
e 

re
tu

rn
s 

an
 e

rr
or

 re
sp

on
se

, i
t r

et
ur

ns
 H

80
 +

 fu
nc

tio
n 

co
de

.

3)
 D

AT
A

 fi
el

d
Th

e 
fo

rm
at

 c
ha

ng
es

 d
ep

en
di

ng
 o

n 
th

e 
fu

nc
tio

n 
co

de
 (r

ef
er

 to
 p

ag
e 

33
0)

. D
at

a 
in

cl
ud

es
 th

e 
by

te
 

co
un

t, 
nu

m
be

r o
f b

yt
es

, d
es

cr
ip

tio
n 

of
 a

cc
es

s 
to

 th
e 

ho
ld

in
g 

re
gi

st
er

, e
tc

.

4)
 C

R
C

 C
H

E
C

K
 fi

el
d

Th
e 

re
ce

iv
ed

 m
es

sa
ge

 fr
am

e 
is

 c
he

ck
ed

 fo
r e

rr
or

. C
R

C
 c

he
ck

 is
 p

er
fo

rm
ed

, a
nd

 2
 b

yt
e 

lo
ng

 
da

ta
 is

 a
dd

ed
 to

 th
e 

en
d 

of
 th

e 
m

es
sa

ge
. W

he
n 

C
R

C
 is

 a
dd

ed
 to

 th
e 

m
es

sa
ge

, t
he

 lo
w

-o
rd

er
 

by
te

 is
 a

dd
ed

 fi
rs

t a
nd

 is
 fo

llo
w

ed
 b

y 
th

e 
hi

gh
-o

rd
er

 b
yt

e.
Th

e 
C

R
C

 v
al

ue
 is

 c
al

cu
la

te
d 

by
 th

e 
se

nd
in

g 
si

de
 th

at
 a

dd
s 

C
R

C
 to

 th
e 

m
es

sa
ge

. T
he

 re
ce

iv
in

g 
si

de
 re

ca
lc

ul
at

es
 C

R
C

 d
ur

in
g 

m
es

sa
ge

 re
ce

iv
in

g,
 a

nd
 c

om
pa

re
s 

th
e 

re
su

lt 
of

 th
at

 c
al

cu
la

tio
n 

an
d 

th
e 

ac
tu

al
 v

al
ue

 re
ce

iv
ed

 in
 th

e 
C

R
C

 C
H

E
C

K
 fi

el
d.

 If
 th

es
e 

tw
o 

va
lu

es
 d

o 
no

t m
at

ch
, t

he
 

re
su

lt 
is

 d
ef

in
ed

 a
s 

er
ro

r.

C
od

e
Fu

nc
tio

n 
N

am
e

O
ut

lin
e

B
ro

ad
ca

st
 

C
om

m
un

ic
at

io
n

H
03

R
ea

d 
H

ol
di

ng
 R

eg
is

te
r

R
ea

ds
 th

e 
ho

ld
in

g 
re

gi
st

er
 d

at
a.

D
is

al
lo

w
ed

H
06

P
re

se
t S

in
gl

e 
R

eg
is

te
r

W
rit

es
 d

at
a 

to
 th

e 
ho

ld
in

g 
re

gi
st

er
.

A
llo

w
ed

H
08

D
ia

gn
os

tic
s

M
ak

es
 a

 fu
nc

tio
n 

di
ag

no
si

s.
 

(c
om

m
un

ic
at

io
n 

ch
ec

k 
on

ly
)

D
is

al
lo

w
ed

H
10

P
re

se
t M

ul
tip

le
 R

eg
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 p

ro
ce

ss
in

g
 S

el
f-d

ia
gn

os
tic

 c
he

ck
s

 U
pd

at
in

g 
of

 ti
m

er
 a

nd
 c

ou
nt

er
 p

re
se

nt
 v

al
ue

s
 a

nd
 o

n/
of

f o
f t

he
ir 

co
nt

ac
ts
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64R
U

N
 a

nd
 S

TO
P 

O
pe

ra
tio

n 
Pr

oc
es

si
ng

s

3.
2

R
U

N
 a

nd
 S

TO
P 

O
pe

ra
tio

n 
Pr

oc
es

si
ng

s
Th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

ha
s 

tw
o 

di
ffe

re
nt

 o
pe

ra
tio

n 
st

at
us

es
: R

U
N

 s
ta

tu
s 

an
d 

S
TO

P
st

at
us

.
Th

is
 s

ec
tio

n 
ex

pl
ai

ns
 t

he
 o

pe
ra

tio
n 

pr
oc

es
si

ng
s 

of
 t

he
 b

ui
lt-

in
 P

LC
 f

un
ct

io
n 

in
 e

ac
h

op
er

at
in

g 
st

at
us

.
(1

)
O

pe
ra

tio
n 

pr
oc

es
si

ng
 in

 R
U

N
 s

ta
tu

s
A 

R
U

N
 s

ta
tu

s 
in

di
ca

te
s 

th
at

 a
 s

eq
ue

nc
e 

pr
og

ra
m

 re
pe

at
s 

its
 o

pe
ra

tio
n 

in
 o

rd
er

 o
f

st
ep

 0
 to

 E
N

D
 (F

EN
D

) i
ns

tru
ct

io
n 

to
 s

te
p 

0 
w

he
n 

SQ
-S

D
 a

re
 s

ho
rte

d.
 (P

.R
U

N
 is

 o
n)

W
he

n 
en

te
rin

g 
th

e 
R

U
N

 s
ta

tu
s,

 th
e 

fu
nc

tio
n 

ou
tp

ut
s 

th
e 

ou
tp

ut
 s

ta
tu

s 
sa

ve
d 

at
 S

TO
P

ac
co

rd
in

g 
to

 th
e 

"S
TO

P 
to

 (R
U

N
-ti

m
e 

ou
tp

ut
 m

od
e 

se
tti

ng
" (

re
fe

r 
to

 p
ag

e 
 9

6)
.

(2
)

O
pe

ra
tio

n 
pr

oc
es

si
ng

 in
 S

TO
P 

st
at

us
A

 S
TO

P 
st

at
us

 in
di

ca
te

s 
th

at
 a

 s
eq

ue
nc

e 
pr

og
ra

m
 s

to
ps

 it
s 

op
er

at
io

n 
w

he
n 

S
Q

-
S

D
 a

re
 o

pe
ne

d 
or

 re
m

ot
e 

ST
O

P 
is

 c
om

m
an

de
d.

 (P
.R

U
N

 is
 o

ff)
W

he
n 

en
te

rin
g 

th
e 

S
TO

P
 s

ta
tu

s,
 th

e 
fu

nc
tio

n 
sa

ve
s 

th
e 

ou
tp

ut
 s

ta
tu

s 
an

d 
tu

rn
s 

of
f

al
l o

ut
pu

ts
. 

Th
e 

co
nt

en
ts

 o
f 

th
e 

da
ta

 m
em

or
ie

s 
ot

he
r 

th
an

 t
he

 o
ut

pu
ts

 (
Y

) 
ar

e
m

ai
nt

ai
ne

d.

3.
3

Pr
og

ra
m

 M
ak

eu
p

(1
)

P
ro

gr
am

 c
la

ss
ifi

ca
tio

n
Th

e 
pr

og
ra

m
 th

at
 c

an
 b

e 
us

ed
 b

y 
th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

is
 a

 m
ai

n 
se

qu
en

ce
pr

og
ra

m
 o

nl
y.

 M
ic

ro
co

m
pu

te
r, 

in
te

rr
up

t a
nd

 S
FC

 p
ro

gr
am

s 
ca

nn
ot

 b
e 

us
ed

.
(2

)
P

ro
gr

am
 c

ap
ac

ity
A

 p
ro

gr
am

 c
ap

ac
ity

 in
di

ca
te

s 
th

e 
ca

pa
ci

ty
 o

f t
he

 p
ro

gr
am

 s
to

ra
ge

 m
em

or
y,

 a
nd

 it
is

 1
k 

st
ep

s.
 S

et
 th

e 
pr

og
ra

m
 c

ap
ac

ity
 in

 th
e 

bu
ilt

-in
 P

LC
 fu

nc
tio

n 
pa

ra
m

et
er

.

PO
IN

T
In

 e
ith

er
 th

e 
R

U
N

 o
r S

TO
P

 s
ta

tu
s,

 th
e 

bu
ilt

-in
 P

LC
 fu

nc
tio

n 
is

 p
er

fo
rm

in
g 

I/O
 re

fre
sh

pr
oc

es
si

ng
s.

 In
 th

e 
ST

O
P

 s
ta

tu
s,

 th
er

ef
or

e,
 I/

O
 m

on
ito

rin
g 

an
d 

te
st

 o
pe

ra
tio

n 
ca

n 
be

pe
rfo

rm
ed

 fr
om

 th
e 

pe
rip

he
ra

l d
ev

ic
e.
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Pr
og

ra
m

m
in

g 
La

ng
ua

ge
s

3SEQUENCE PROGRAMMING

3.
4

Pr
og

ra
m

m
in

g 
La

ng
ua

ge
s

Th
e 

bu
ilt

-in
 P

LC
 f

un
ct

io
n 

ha
s 

tw
o 

di
ffe

re
nt

 p
ro

gr
am

m
in

g 
m

et
ho

ds
: 

on
e 

th
at

 u
se

s
la

dd
er

s 
an

d 
th

e 
ot

he
r t

ha
t u

se
s 

de
di

ca
te

d 
in

st
ru

ct
io

ns
.

P
ro

gr
am

m
in

g 
th

at
 u

se
s 

la
dd

er
s 

is
 p

er
fo

rm
ed

 in
 th

e 
re

la
y 

sy
m

bo
lic

 la
ng

ua
ge

. *
1

P
ro

gr
am

m
in

g 
th

at
 u

se
s 

de
di

ca
te

d 
in

st
ru

ct
io

ns
 is

 p
er

fo
rm

ed
 in

 t
he

 lo
gi

c 
sy

m
bo

lic
la

ng
ua

ge
. *

2
W

he
th

er
 th

e 
re

la
y 

sy
m

bo
lic

 la
ng

ua
ge

 o
r 

lo
gi

c 
sy

m
bo

lic
 la

ng
ua

ge
 is

 u
se

d,
 t

he
 s

am
e

pr
og

ra
m

 is
 c

re
at

ed
. 

 3.
4.

1
R

el
ay

 s
ym

bo
lic

 la
ng

ua
ge

 (L
ad

de
r m

od
e)

Th
e 

re
la

y 
sy

m
bo

lic
 la

ng
ua

ge
 is

 b
as

ed
 o

n 
th

e 
co

nc
ep

t o
f a

 re
la

y 
co

nt
ro

l c
irc

ui
t.

Yo
u 

ca
n 

pe
rfo

rm
 p

ro
gr

am
m

in
g 

in
 th

e 
re

pr
es

en
ta

tio
n 

cl
os

e 
to

 th
e 

se
qu

en
ce

 c
irc

ui
t o

f
re

la
y 

co
nt

ro
l.

(1
)

La
dd

er
 b

lo
ck

A
 la

dd
er

 b
lo

ck
 is

 th
e 

m
in

im
um

 u
ni

t f
or

 p
er

fo
rm

in
g 

se
qu

en
ce

 p
ro

gr
am

 o
pe

ra
tio

n.
 It

st
ar

ts
 w

ith
 th

e 
le

ft 
ha

nd
 s

id
e 

ve
rti

ca
l b

us
 a

nd
 e

nd
s 

w
ith

 th
e 

rig
ht

 h
an

d 
si

de
 v

er
tic

al
bu

s.

Fi
g 

3.
2 

La
dd

er
 B

lo
ck

s

R
EM

A
R

K
S

*1
.

W
he

n 
us

in
g 

G
X

 D
ev

el
op

er
 fo

r p
ro

gr
am

m
in

g,
 p

er
fo

rm
 p

ro
gr

am
m

in
g 

in
 th

e 
"la

dd
er

 m
od

e"
.

*2
.

W
he

n 
us

in
g 

G
X

 D
ev

el
op

er
 fo

r p
ro

gr
am

m
in

g,
 p

er
fo

rm
 p

ro
gr

am
m

in
g 

in
 th

e 
"li

st
 m

od
e"

.

R
ig

ht
 h

an
d 

si
de

 v
er

tic
al

 
bu

s

La
dd

er
 

bl
oc

ks

Le
ft 

ha
nd

 s
id

e 
ve

rti
ca

l b
us

St
ep

 n
um

be
r

* X
0 

to
 X

5:
 In

di
ca

te
 in

pu
ts

.
  Y

10
 to

 Y
14

: I
nd

ic
at

e 
ou

tp
ut

s.
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66Pr
og

ra
m

m
in

g 
La

ng
ua

ge
s

(2
)

S
eq

ue
nc

e 
pr

og
ra

m
 o

pe
ra

tio
n 

m
et

ho
d

S
eq

ue
nc

e 
pr

og
ra

m
 o

pe
ra

tio
n 

re
pe

at
s 

ex
ec

ut
io

n 
fro

m
 a

 la
dd

er
 b

lo
ck

 a
t s

te
p 

0 
to

an
 E

N
D

 in
st

ru
ct

io
n.

In
 a

 s
in

gl
e 

la
dd

er
 b

lo
ck

, 
op

er
at

io
n 

is
 p

er
fo

rm
ed

 f
ro

m
 t

he
 le

ft 
ha

nd
 s

id
e 

ve
rti

ca
l

bu
s 

to
 th

e 
rig

ht
, a

nd
 fr

om
 th

e 
to

p 
to

 th
e 

bo
tto

m
.

Fi
g 

3.
3 

O
pe

ra
tio

n 
Pr

oc
es

si
ng

 S
eq

ue
nc

e

B
eg

in
ni

ng
 o

f o
ne

 
la

dd
er

 b
lo

ck

O
pe

ra
tio

n 
fro

m
 le

ft 
to

 ri
gh

t

En
d 

of
 o

ne
 

la
dd

er
 b

lo
ck

O
pe

ra
tio

n 
fro

m
 le

ft 
to

 ri
gh

t
Ex

ec
ut

io
n 

re
tu

rn
s 

to
 

st
ep

 0
 w

he
n 

EN
D

 
in

st
ru

ct
io

n 
is

 
ex

ec
ut

ed
.

* 1
) t

o 
17

) i
nd

ic
at

e 
th

e 
se

qu
en

ce
 o

f p
ro

gr
am

 o
pe

ra
tio

n.

1)
2)

7)
8)

9)

10
)

3)
4)

5)

6)

11
)

13
)

14
)

12
)

15
)

16
)

17
)

O
pe

ra
tio

n 
fro

m
 to

p 
to

 b
ot

to
m

O
pe

ra
tio

n 
fro

m
 to

p 
to

 b
ot

to
m

EN
D

E
nd

 o
f o

ne
 

la
dd

er
 b

lo
ck

Be
gi

nn
in

g 
of

 
on

e 
la

dd
er

 b
lo

ck
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Pr
og

ra
m

m
in

g 
La

ng
ua

ge
s

3SEQUENCE PROGRAMMING

3.
4.

2
Lo

gi
c 

sy
m

bo
lic

 la
ng

ua
ge

 (L
is

t m
od

e)
Th

e 
lo

gi
c 

sy
m

bo
lic

 la
ng

ua
ge

 u
se

s 
de

di
ca

te
d 

in
st

ru
ct

io
ns

 f
or

 p
ro

gr
am

m
in

g 
co

nt
ac

ts
,

co
ils

, e
tc

. i
ns

te
ad

 o
f t

he
ir 

sy
m

bo
ls

 u
se

d 
by

 th
e 

re
la

y 
sy

m
bo

lic
 la

ng
ua

ge
.

(1
)

P
ro

gr
am

 o
pe

ra
tio

n 
m

et
ho

d
S

eq
ue

nc
e 

pr
og

ra
m

 o
pe

ra
tio

n 
is

 e
xe

cu
te

d 
fro

m
 a

n 
in

st
ru

ct
io

n 
at

 s
te

p 
0 

to
 a

n 
E

N
D

in
st

ru
ct

io
n 

in
 d

ue
 o

rd
er

. 
W

he
n 

th
e 

E
N

D
 i

ns
tru

ct
io

n 
is

 e
xe

cu
te

d,
 o

pe
ra

tio
n 

is
ex

ec
ut

ed
 fr

om
 th

e 
in

st
ru

ct
io

n 
at

 s
te

p 
0 

ag
ai

n.

Fi
g 

3.
4 

O
pe

ra
tio

n 
P

ro
ce

ss
in

g 
S

eq
ue

nc
e

Lo
gi

c 
sy

m
bo

lic
 la

ng
ua

ge
R

el
ay

 s
ym

bo
lic

 la
ng

ua
ge

St
ep

 n
um

be
r

Operation 
sequence

Ex
ec

ut
io

n 
re

tu
rn

s 
to

 s
te

p 
0 

w
he

n 
E

N
D

 in
st

ru
ct

io
n 

is
 e

xe
cu

te
d.

1)

1)
2)

7)
8)

9)
10

)

3)
4)

5)

6)

11
)

2) 3) 4) 5) 6) 7) 8) 9) 10
)

11
)
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68O
pe

ra
tio

n 
Pr

oc
es

si
ng

 M
et

ho
d 

of
 P

LC
 F

un
ct

io
n

3.
5

O
pe

ra
tio

n 
Pr

oc
es

si
ng

 M
et

ho
d 

of
 P

LC
 F

un
ct

io
n

Th
e 

op
er

at
io

n 
pr

oc
es

si
ng

 m
et

ho
d 

is
 th

e 
re

pe
at

ed
 o

pe
ra

tio
n 

of
 a

 s
to

re
d 

pr
og

ra
m

.
(1

)
St

or
ed

 p
ro

gr
am

 s
ys

te
m

1)
 In

 a
 s

to
re

d 
pr

og
ra

m
 s

ys
te

m
, a

 s
eq

ue
nc

e 
pr

og
ra

m
 to

 b
e 

op
er

at
ed

 is
 s

to
re

d 
in

th
e 

in
te

rn
al

 m
em

or
y 

be
fo

re
ha

nd
.

2)
 W

he
n 

se
qu

en
ce

 p
ro

gr
am

 o
pe

ra
tio

n 
is

 e
xe

cu
te

d,
 th

e 
se

qu
en

ce
 p

ro
gr

am
 s

to
re

d
in

 t
he

 b
ui

lt-
in

 P
LC

 f
un

ct
io

n 
is

 r
ea

d 
to

 t
he

 C
P

U
 i

ns
tru

ct
io

n 
by

 i
ns

tru
ct

io
n 

to
ex

ec
ut

e 
th

e 
op

er
at

io
n,

 a
nd

 th
e 

co
rr

es
po

nd
in

g 
de

vi
ce

s 
ar

e 
co

nt
ro

lle
d 

ac
co

rd
in

g
to

 th
e 

re
su

lts
.

(2
)

R
ep

ea
te

d 
op

er
at

io
n 

sy
st

em
In

 a
 re

pe
at

ed
 o

pe
ra

tio
n 

sy
st

em
, a

 s
eq

ue
nc

e 
of

 o
pe

ra
tio

ns
 is

 re
pe

at
ed

.
Th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

re
pe

at
s 

th
e 

fo
llo

w
in

g 
pr

oc
es

si
ng

s.
1)

 T
he

 b
ui

lt-
in

 P
LC

 fu
nc

tio
n 

ex
ec

ut
es

 th
e 

se
qu

en
ce

 p
ro

gr
am

 s
to

re
d 

in
 th

e 
in

te
rn

al
 m

em
or

y 
fro

m
 s

te
p 

0 
in

 d
ue

 o
rd

er
.

2)
W

he
n 

th
e 

E
N

D
 i

ns
tru

ct
io

n 
is

 e
xe

cu
te

d,
 i

nt
er

na
l 

pr
oc

es
si

ng
s,

 s
uc

h 
as

 t
im

er
/

co
un

te
r p

re
se

nt
 v

al
ue

 u
pd

at
in

g 
an

d 
se

lf-
di

ag
no

st
ic

 c
he

ck
s,

 a
re

 p
er

fo
rm

ed
, a

nd
th

e 
ex

ec
ut

io
n 

re
tu

rn
s 

to
 s

te
p 

0 
of

 th
e 

se
qu

en
ce

 p
ro

gr
am

 a
ga

in
.

Fi
g 

3.
5 

O
pe

ra
tio

n 
P

ro
ce

ss
in

g 
M

et
ho

d 
of

 B
ui

lt-
in

 P
LC

 F
un

ct
io

n

R
EM

A
R

K
S

A
 p

ro
ce

ss
in

g 
fro

m
 s

te
p 

0 
to

 n
ex

t s
te

p 
0 

or
 fr

om
 E

N
D

 to
 n

ex
t E

N
D

 is
 c

al
le

d 
on

e 
sc

an
.

Th
er

ef
or

e,
 o

ne
 s

ca
n 

is
 th

e 
su

m
 o

f t
he

 p
ro

ce
ss

in
g 

tim
e 

of
 a

 u
se

r-
cr

ea
te

d 
pr

og
ra

m
 (

st
ep

 0
 to

E
N

D
) a

nd
 th

e 
in

te
rn

al
 p

ro
ce

ss
in

g 
tim

e 
of

 th
e 

bu
ilt

-in
 P

LC
 fu

nc
tio

n.

St
ep

 0
S

te
p 

1
S

te
p 

2

E
N

D

Bu
ilt

-in
 s

eq
ue

nc
e 

fu
nc

tio
n 

re
pe

at
s 

th
is

 o
pe

ra
tio

n.

 T
im

er
/c

ou
nt

er
 p

re
se

nt
 

 v
al

ue
 u

pd
at

in
g

 S
el

f-d
ia

gn
os

tic
 

 c
he

ck
s,

 e
tc

.
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I/O
 P

ro
ce

ss
in

g 
M

et
ho

d

3SEQUENCE PROGRAMMING

3.
6

I/O
 P

ro
ce

ss
in

g 
M

et
ho

d
Th

e 
co

nt
ro

l s
ys

te
m

 is
 a

 re
fre

sh
 s

ys
te

m
.

3.
6.

1
W

ha
t i

s 
re

fr
es

h 
sy

st
em

?
In

 th
e 

re
fre

sh
 s

ys
te

m
, c

on
tro

l i
np

ut
 te

rm
in

al
 c

ha
ng

es
 a

re
 b

at
ch

-im
po

rte
d 

in
to

 th
e 

in
pu

t
da

ta
 m

em
or

y 
of

 th
e 

C
PU

 b
ef

or
e 

ex
ec

ut
io

n 
of

 e
ac

h 
sc

an
, a

nd
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 p
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an
 t

im
e 

ex
ce

ed
s 

th
e 

w
at

ch
do

g 
tim

er
 s

et
tin

g,
 a

 w
at

ch
do

g 
tim

er
 e

rr
or

oc
cu

rs
 a

nd
:

1)
Th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

tu
rn

s 
of

f a
ll 

ou
tp

ut
s.

2)
Th

e 
P.

R
U

N
 L

ED
 g

oe
s 

of
f o

r f
lic

ke
rs

.
3)

M
90

08
 tu

rn
s 

on
 a

nd
 th

e 
er

ro
r c

od
e 

is
 s

to
re

d 
in

to
 D

90
08

.

R
EM

A
R

K
S

Th
e 

w
at

ch
do

g 
tim

er
 s

et
tin

g 
ca

n 
be

 c
ha

ng
ed

 b
y 

bu
ilt

-in
 P

LC
 fu

nc
tio

n 
pa

ra
m

et
er

 s
et

tin
g 

of
 G

X
D

ev
el

op
er

. (
R

ef
er

 to
 th

e 
G

X 
D

ev
el

op
er

 m
an

ua
l f

or
 d

et
ai

ls
.)

S
eq

ue
nc

e 
pr

og
ra

m

EN
D

0
0

W
D

T 
re

se
tti

ng
(In

te
rn

al
 p

ro
ce

ss
in

g)

In
te

rn
al

 
pr

oc
es

si
ng

 ti
m

e

Ex
ce

ss
 o

f s
ca

n 
tim

e 
ov

er
 s

et
tin

g
re

su
lts

 in
 w

at
ch

do
g 

tim
er

 e
rr

or
.
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Se
lf-

di
ag

no
st

ic
 F

un
ct

io
n

3SEQUENCE PROGRAMMING

3.
16

Se
lf-

di
ag

no
st

ic
 F

un
ct

io
n

Th
e 

se
lf-

di
ag

no
st

ic
 fu

nc
tio

n 
di

ag
no

se
s 

fa
ul

ts
 b

y 
th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

its
el

f.
(1

)
S

el
f-d

ia
gn

os
tic

 ti
m

in
g

Th
e 

se
lf-

di
ag

no
st

ic
 f

un
ct

io
n 

is
 p

er
fo

rm
ed

 a
t 

po
w

er
-o

n,
 a

t 
re

se
t, 

at
 e

xe
cu

tio
n 

of
an

y 
in

st
ru

ct
io

n,
 o

r a
t e

xe
cu

tio
n 

of
 th

e 
E

N
D

 in
st

ru
ct

io
n.

1)
A

t p
ow

er
-o

n,
 a

t r
es

et
W

he
th

er
 o

pe
ra

tio
n 

ca
n 

be
 e

xe
cu

te
d 

or
 n

ot
 is

 d
ia

gn
os

ed
.

2)
A

t e
xe

cu
tio

n 
of

 a
ny

 in
st

ru
ct

io
n

An
 e

rr
or

 o
cc

ur
s 

if 
th

e 
op

er
at

io
n 

of
 a

ny
 in

st
ru

ct
io

n 
in

 th
e 

se
qu

en
ce

 p
ro

gr
am

 is
no

t e
xe

cu
te

d 
pr

op
er

ly.

3)
A

t e
xe

cu
tio

n 
of

 E
N

D
 in

st
ru

ct
io

n
O

pe
ra

tio
n 

cl
og

 u
p 

m
on

ito
r t

im
er

(2
)

O
pe

ra
tio

n 
m

od
e 

at
 fa

ul
t d

et
ec

tio
n

Th
er

e 
ar

e 
tw

o 
di

ffe
re

nt
 P

LC
 o

pe
ra

tio
n 

m
od

es
 a

t d
et

ec
tio

n 
of

 a
 fa

ul
t b

y 
th

e 
se

lf-
di

ag
no

st
ic

: o
pe

ra
tio

n 
st

op
 m

od
e 

an
d 

op
er

at
io

n 
co

nt
in

ua
tio

n 
m

od
e.

Th
e 

op
er

at
io

n 
co

nt
in

ua
tio

n 
m

od
e 

in
cl

ud
es

 a
 f

au
lt 

th
at

 e
na

bl
es

 o
pe

ra
tio

n 
to

 b
e

st
op

pe
d 

by
 b

ui
lt-

in
 P

LC
 fu

nc
tio

n 
pa

ra
m

et
er

 s
et

tin
g.

 (R
ef

er
 to

 p
ag

e 
94

)
1)

If 
an

 o
pe

ra
tio

n 
st

op
 e

rr
or

 i
s 

de
te

ct
ed

 b
y 

th
e 

se
lf-

di
ag

no
st

ic
, 

op
er

at
io

n 
is

st
op

pe
d 

an
d 

ou
tp

ut
s 

(Y
) a

re
 a

ll 
tu

rn
ed

 o
ff 

as
 s

oo
n 

as
 th

e 
er

ro
r i

s 
de

te
ct

ed
. T

he
ot

he
r d

ev
ic

es
 m

ai
nt

ai
n 

th
ei

r s
ta

te
s 

at
 o

cc
ur

re
nc

e 
of

 th
e 

er
ro

r.

2)
If 

an
 o

pe
ra

tio
n 

co
nt

in
ua

tio
n 

er
ro

r i
s 

de
te

ct
ed

, o
nl

y 
th

e 
fa

ul
ty

 p
ro

gr
am

 p
ar

t i
s 

no
t

ex
ec

ut
ed

 a
nd

 th
e 

pr
og

ra
m

 a
t t

he
 n

ex
t s

te
p 

is
 e

xe
cu

te
d.

(3
)

E
rr

or
 d

ef
in

iti
on

 c
he

ck
in

g
W

he
n 

M
90

08
 (

se
lf-

di
ag

no
st

ic
 e

rr
or

) 
tu

rn
s 

on
 a

t 
de

te
ct

io
n 

of
 a

n 
er

ro
r, 

th
e 

er
ro

r
co

de
 is

 s
to

re
d 

in
to

 D
90

08
 (

se
lf-

di
ag

no
st

ic
 e

rro
r)

. 
Es

pe
ci

al
ly

 in
 t

he
 c

on
tin

ua
tio

n
m

od
e,

 u
se

 it
 in

 th
e 

pr
og

ra
m

 to
 p

re
ve

nt
 a

 m
ec

ha
ni

ca
l s

ys
te

m
 m

al
fu

nc
tio

n.
Fo

r t
he

 e
rr

or
s 

de
te

ct
ed

 b
y 

th
e 

se
lf-

di
ag

no
st

ic
, r

ef
er

 to
 th

e 
er

ro
r c

od
e 

lis
t o

n 
pa

ge
17

2.

C
A

U
TI

O
N

Fo
r t

he
 L

D
, A

N
D

, O
R

, l
og

ic
al

 c
om

pa
ris

on
 o

pe
ra

tio
n,

 a
nd

 O
U

T 
in

st
ru

ct
io

ns
, t

he
 s

et
de

vi
ce

s 
ar

e 
al

w
ay

s 
ch

ec
ke

d.
 F

or
 t

he
 o

th
er

 in
st

ru
ct

io
ns

 (
SE

T,
 R

ST
, M

O
V,

 e
tc

.),
 a

ch
ec

k 
is

 m
ad

e 
as

 s
oo

n 
as

 t
he

 e
xe

cu
tio

n 
co

nd
iti

on
 h

ol
ds

 a
nd

 t
he

 in
st

ru
ct

io
n 

is
re

ad
y 

to
 b

e 
ex

ec
ut

ed
.
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94Se
lf-

di
ag

no
st

ic
 F

un
ct

io
n

3.
16

.1
Er

ro
r-

tim
e 

op
er

at
io

n 
m

od
e

Th
e 

bu
ilt

-in
 P

LC
 fu

nc
tio

n 
al

lo
w

s 
yo

u 
to

 s
et

 w
he

th
er

 th
e 

se
qu

en
ce

 p
ro

gr
am

 o
pe

ra
tio

n
w

ill
 b

e 
st

op
pe

d 
or

 c
on

tin
ue

d 
at

 o
cc

ur
re

nc
e 

of
 a

n 
op

er
at

io
n 

er
ro

r.
U

se
 t

he
 b

ui
lt-

in
 P

LC
 fu

nc
tio

n 
pa

ra
m

et
er

 to
 s

et
 w

he
th

er
 o

pe
ra

tio
n 

w
ill

 b
e 

st
op

pe
d 

or
co

nt
in

ue
d.

D
ef

au
lt 

va
lu

e 
of

 e
rro

r-
tim

e 
op

er
at

io
n 

m
od

e
Th

e 
fo

llo
w

in
g 

ta
bl

e 
in

di
ca

te
s 

th
e 

de
fa

ul
t 

va
lu

e 
(in

iti
al

 v
al

ue
) 

of
 t

he
 e

rr
or

-ti
m

e
op

er
at

io
n 

m
od

e 
an

d 
th

e 
st

at
us

 o
f t

he
 b

ui
lt-

in
 P

LC
 fu

nc
tio

n.

Ta
bl

e 
3.

5 
Er

ro
r-

tim
e 

O
pe

ra
tio

n 
M

od
e

Er
ro

r D
ef

in
iti

on
C

PU
 S

ta
tu

s
O

pe
ra

tio
n

P.
R

U
N

 
LE

D
Sp

ec
ia

l 
re

la
ys

 
tu

rn
ed

 o
n

Sp
ec

ia
l

 re
gi

st
er

s 
fo

r d
at

a 
st

or
ag

e

Se
lf-

di
ag

no
st

ic
 

er
ro

r N
o.

 
(D

90
08

)
D

ef
au

lt 
va

lu
e

O
pe

ra
tio

n 
er

ro
r

An
 e

rro
r o

cc
ur

re
d 

in
 

th
e 

se
qu

en
ce

 
pr

og
ra

m
, e

.g
. a

n 
at

te
m

pt
 w

as
 m

ad
e 

to
 

m
ak

e 
BC

D
 

co
nv

er
si

on
 o

f a
ny

 
va

lu
e 

ou
ts

id
e 

th
e 

ra
ng

e 
0 

to
 9

99
9 

(o
r 0

 
to

 9
99

99
99

9)
.

C
on

tin
ua

tio
n

Fl
ic

ke
r

M
90

10
M

90
11

D
90

10
D

90
11

50
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K
ey

w
or

d 
R

eg
is

tr
at

io
n

3SEQUENCE PROGRAMMING

3.
17

K
ey

w
or

d 
R

eg
is

tr
at

io
n

Th
e 

ke
yw

or
d 

is
 d

es
ig

ne
d 

to
 in

hi
bi

t t
he

 re
ad

 a
nd

 re
w

rit
e 

of
 th

e 
pr

og
ra

m
 a

nd
 c

om
m

en
ts

in
 th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

us
in

g 
G

X 
D

ev
el

op
er

.
(1

)
R

ea
d/

w
rit

e 
fro

m
 b

ui
lt-

in
 P

LC
 fu

nc
tio

n 
w

he
re

 k
ey

w
or

d 
ha

s 
be

en
 re

gi
st

er
ed

W
he

n 
th

e 
ke

yw
or

d 
ha

s 
be

en
 r

eg
is

te
re

d,
 t

he
 b

ui
lt-

in
 P

LC
 f

un
ct

io
n 

pa
ra

m
et

er
s,

m
ai

n 
pr

og
ra

m
 a

nd
 c

om
m

en
ts

 c
an

no
t 

be
 r

ea
d/

w
rit

te
n 

fro
m

 t
he

 b
ui

lt-
in

 P
LC

fu
nc

tio
n 

to
 th

e 
G

X
 D

ev
el

op
er

 d
ev

ic
e 

un
le

ss
 th

e 
ke

yw
or

d 
re

gi
st

er
ed

 to
 th

e 
bu

ilt
-in

P
LC

 fu
nc

tio
n 

is
 e

nt
er

ed
.

(2
)

R
eg

is
tra

tio
n 

an
d 

ca
nc

el
 o

f k
ey

w
or

d
A

 k
ey

w
or

d 
of

 u
p 

to
 s

ix
 d

ig
its

 c
an

 b
e 

se
t i

n 
he

xa
de

ci
m

al
 (0

 to
 9

, A
 to

 F
).

M
ak

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

pa
ra

m
et

er
 s

et
tin

g 
to

 re
gi

st
er

 o
r c

an
ce

l t
he

 k
ey

w
or

d.
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96S
et

ti
n

g
 o

f 
O

u
tp

u
t 

(Y
) 

S
ta

tu
s 

at
 S

w
it

ch
in

g
 f

ro
m

 
S

T
O

P
 S

ta
tu

s 
to

 R
U

N
 S

ta
tu

s

3.
18

Se
tti

ng
 o

f O
ut

pu
t (

Y)
 S

ta
tu

s 
at

 S
w

itc
hi

ng
 fr

om
 

ST
O

P 
St

at
us

 to
 R

U
N

 S
ta

tu
s

W
he

n 
th

e 
R

U
N

 s
ta

tu
s 

is
 s

w
itc

he
d 

to
 t

he
 S

TO
P 

st
at

us
, 

th
e 

ou
tp

ut
s 

(Y
) 

in
 t

he
 R

U
N

st
at

us
 a

re
 s

to
re

d 
in

to
 th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n.

U
si

ng
 th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

pa
ra

m
et

er
, y

ou
 c

an
 s

et
 w

he
th

er
 th

e 
ou

tp
ut

s 
(Y

) w
ill

 b
e

ou
tp

ut
 a

ga
in

 o
r 

w
ill

 b
e 

ou
tp

ut
 a

fte
r 

ex
ec

ut
io

n 
of

 o
pe

ra
tio

n 
w

he
n 

th
e 

ST
O

P
 s

ta
tu

s 
is

sw
itc

he
d 

to
 th

e 
R

U
N

 s
ta

tu
s.

"O
ut

pu
t (

Y
) s

ta
tu

s 
at

 S
TO

P
 is

 o
ut

pu
t"

Th
e 

se
qu

en
ce

 p
ro

gr
am

 o
pe

ra
tio

n 
is

 p
er

fo
rm

ed
 a

fte
r 

th
e 

ou
tp

ut
 (

Y
)

st
at

us
 a

t t
he

 ti
m

e 
of

 e
nt

er
in

g 
th

e 
S

TO
P

 s
ta

tu
s 

is
 o

ut
pu

t.
"O

ut
pu

ts
 (Y

) a
re

 c
le

ar
ed

 (o
ut

pu
t o

ne
 s

ca
n 

la
te

r)"
Th

e 
ou

tp
ut

s 
(Y

) 
ar

e 
al

l c
le

ar
ed

, a
nd

 a
fte

r 
ex

ec
ut

io
n 

of
 th

e 
se

qu
en

ce
pr

og
ra

m
 o

pe
ra

tio
n,

 th
e 

ou
tp

ut
s 

ar
e 

pr
ov

id
ed

.

Fi
g 

3.
24

 P
ro

ce
ss

in
g 

Pe
rfo

rm
ed

 w
he

n 
ST

O
P

 S
ta

tu
s 

Is
 S

w
itc

he
d 

to
 R

U
N

 S
ta

tu
s

O
ut

pu
t (

Y)
 s

ta
tu

s 
at

 th
e 

tim
e 

of
 

en
te

rin
g 

th
e 

ST
O

P
 s

ta
tu

s 
is

 o
ut

pu
t.

S
eq

ue
nc

e 
pr

og
ra

m
 o

pe
ra

tio
n 

is
 e

xe
cu

te
d.

ST
O

P 
st

at
us

 to
 R

U
N

 s
ta

tu
s

Is
 o

ut
pu

t (
Y

) s
ta

tu
s 

at
 

S
TO

P 
to

 b
e 

ou
tp

ut
?

O
ut

pu
t (

Y)
 s

ta
tu

s 
is

 c
le

ar
ed

.

YE
S

N
O
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In
st

ru
ct

io
n 

Fo
rm

at

3SEQUENCE PROGRAMMING

3.
19

In
st

ru
ct

io
n 

Fo
rm

at
(1

)
M

an
y 

of
 th

e 
in

st
ru

ct
io

ns
 c

an
 b

e 
di

vi
de

d 
in

to
 a

n 
in

st
ru

ct
io

n 
pa

rt 
an

d 
a 

de
vi

ce
, a

nd
th

ei
r a

pp
lic

at
io

ns
 a

re
 a

s 
de

sc
rib

ed
 b

el
ow

.

(2
)

Th
e 

in
st

ru
ct

io
n 

fo
rm

at
 c

an
 b

e 
ro

ug
hl

y 
cl

as
si

fie
d 

as
 f

ol
lo

w
s 

ac
co

rd
in

g 
to

 t
he

in
st

ru
ct

io
n 

pa
rt 

an
d 

de
vi

ce
 c

om
bi

na
tio

ns
.

1)
...

..T
hi

s 
in

st
ru

ct
io

n 
do

es
 n

ot
 c

ha
ng

e 
th

e 
de

vi
ce

 s
ta

tu
s 

an
d

m
ai

nl
y 

co
nt

ro
ls

 th
e 

pr
og

ra
m

.

2)
+

...
..T

hi
s 

in
st

ru
ct

io
n 

pe
rfo

rm
s 

O
N

/O
FF

 c
on

tro
l o

f
th

e 
de

vi
ce

, 
co

nt
ro

ls
 t

he
 e

xe
cu

tio
n 

co
nd

iti
on

ac
co

rd
in

g 
to

 
th

e 
O

N
/O

FF
 

st
at

us
 

of
 

th
e

de
vi

ce
, a

nd
 b

ra
nc

he
s 

th
e 

pr
og

ra
m

.

3)
+

+
...

...

4)
O

th
er

s.
...

...
...

...
..

C
om

bi
na

tio
ns

 o
th

er
 th

an
 th

e 
ab

ov
e 

1)
 to

 3
).

In
st

ru
ct

io
n 

pa
rt 

...
.. 

In
di

ca
te

s 
th

e 
fu

nc
tio

n 
of

 th
at

 in
st

ru
ct

io
n.

D
ev

ic
e 

...
.. 

In
di

ca
te

s 
th

e 
da

ta
 u

se
d 

w
ith

 th
e 

in
st

ru
ct

io
n.

In
st

ru
ct

io
n 

pa
rt

Ex
am

pl
e

E
N

D

In
st

ru
ct

io
n 

pa
rt

D
ev

ic
e

LD
X0

D
ev

ic
e

In
st

ru
ct

io
n 

pa
rt

E
xa

m
pl

e

In
st

ru
ct

io
n 

pa
rt

So
ur

ce
 

de
vi

ce
D

es
tin

at
io

n 
de

vi
ce

Th
is

 
in

st
ru

ct
io

n 
pe

rfo
rm

s
op

er
at

io
n 

us
in

g 
th

e 
da

ta
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O
R

s 
bl

oc
ks

 A
 a

nd
 B

 a
nd

 u
se

s 
th

e 
re

su
lta

nt
 v

al
ue

 a
s 

an
 o

pe
ra

tio
n 

re
su

lt.
(2

)
O

R
B 

co
nn

ec
ts

 in
 p

ar
al

le
l t

he
 la

dd
er

 b
lo

ck
s 

of
 tw

o 
or

 m
or

e 
co

nt
ac

ts
. U

se
 O

R
 o

r
O

R
I t

o 
co

nn
ec

t i
n 

pa
ra

lle
l t

he
 la

dd
er

 b
lo

ck
s 

of
 o

nl
y 

on
e 

co
nt

ac
t.

(3
)

Th
e 

sy
m

bo
l o

f O
R

B
 is

 n
ot

 a
 c

on
ta

ct
 s

ym
bo

l b
ut

 a
 c

on
ne

ct
io

n 
sy

m
bo

l.
(4

)
O

R
B 

ca
n 

be
 w

rit
te

n 
up

 to
 s

ev
en

 in
st

ru
ct

io
ns

 (e
ig

ht
 b

lo
ck

s)
 c

on
se

cu
tiv

el
y.

If 
O

R
B

 is
 w

rit
te

n 
co

ns
ec

ut
iv

el
y 

m
or

e 
th

an
 t

he
 a

bo
ve

, 
th

e 
PL

C
 c

an
no

t 
pe

rfo
rm

no
rm

al
 o

pe
ra

tio
n.

A
N

B

O
R

B

C
od

in
g
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9

Se
qu

en
ce

 In
st

ru
ct

io
ns

3SEQUENCE PROGRAMMING

Pr
og

ra
m

 E
xa

m
pl

es

Th
ou

gh
 th

er
e 

ar
e 

th
e 

fo
llo

w
in

g 
tw

o 
di

ffe
re

nt
 p

ro
gr

am
 c

od
in

g 
m

et
ho

ds
 fo

r 
co

nn
ec

tin
g

la
dd

er
 b

lo
ck

s 
in

 s
er

ie
s 

co
ns

ec
ut

iv
el

y,
 u

se
 th

e 
co

di
ng

 e
xa

m
pl

e 
1.

Th
ou

gh
 th

er
e 

ar
e 

th
e 

fo
llo

w
in

g 
tw

o 
di

ffe
re

nt
 p

ro
gr

am
 c

od
in

g 
m

et
ho

ds
 fo

r 
co

nn
ec

tin
g

la
dd

er
 b

lo
ck

s 
in

 p
ar

al
le

l c
on

se
cu

tiv
el

y,
 u

se
 th

e 
co

di
ng

 e
xa

m
pl

e 
1.

A
N

B

C
od

in
g 

ex
am

pl
e 

1
C

od
in

g 
ex

am
pl

e 
2

O
R

B

C
od

in
g 

ex
am

pl
e 

1
C

od
in

g 
ex

am
pl

e 
2
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12
0

Se
qu

en
ce

 In
st

ru
ct

io
ns

3.
25

.4
C

on
ne

ct
io

n 
In

st
ru

ct
io

ns
 : 

O
pe

ra
tio

n 
re

su
lt,

 p
us

h,
 re

ad
, p

op
 ..

. M
PS

, M
R

D
, M

PP

Fu
nc

tio
ns

(1
)

St
or

es
 th

e 
op

er
at

io
n 

re
su

lt 
(O

N
/O

FF
) i

m
m

ed
ia

te
ly

 b
ef

or
e 

its
el

f.
(2

)
Th

e 
M

P
S

 in
st

ru
ct

io
n 

ca
n 

be
 u

se
d 

co
ns

ec
ut

iv
el

y 
up

 to
 1

2 
tim

es
.

In
 th

e 
la

dd
er

 m
od

e,
 h

ow
ev

er
, i

t c
an

 b
e 

us
ed

 u
p 

to
 1

1 
tim

es
.

W
he

n 
th

e 
M

P
P

 in
st

ru
ct

io
n 

is
 u

se
d 

m
id

w
ay

, t
he

 n
um

be
r o

f u
se

d 
M

P
S

 in
st

ru
ct

io
ns

is
 d

ec
re

m
en

te
d 

by
 1

.

(1
)

R
ea

ds
 

th
e 

op
er

at
io

n 
re

su
lt 

st
or

ed
 

by
 

th
e 

M
P

S 
in

st
ru

ct
io

n,
 

an
d 

co
nt

in
ue

s
op

er
at

io
n 

fro
m

 th
e 

ne
xt

 s
te

p 
w

ith
 th

at
 o

pe
ra

tio
n 

re
su

lt.

(1
)

R
ea

ds
 

th
e 

op
er

at
io

n 
re

su
lt 

st
or

ed
 

by
 

th
e 

M
P

S 
in

st
ru

ct
io

n,
 

an
d 

co
nt

in
ue

s
op

er
at

io
n 

fro
m

 th
e 

ne
xt

 s
te

p 
w

ith
 th

at
 o

pe
ra

tio
n 

re
su

lt.
(2

)
C

le
ar

s 
th

e 
op

er
at

io
n 

re
su

lt 
st

or
ed

 b
y 

th
e 

M
P

S 
in

st
ru

ct
io

n.

U
sa

bl
e 

D
ev

ic
es

D
ig

it 
D

es
ig

na
tio

n

Er
ro

r F
la

g
B

it 
de

vi
ce

s
W

or
d 

(1
6-

bi
t) 

de
vi

ce
s

C
on

st
an

ts
Le

ve
l

X
Y

M
T

C
D

K
H

N
(M

90
10

,M
90

11
)

M
PS

M
R

D

M
PP

 M
PS

, M
R

D
 a

nd
 M

P
P 

do
 n

ot
 a

pp
ea

r i
n 

la
dd

er
 d

is
pl

ay
.
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12
1

Se
qu

en
ce

 In
st

ru
ct

io
ns

3SEQUENCE PROGRAMMING

PO
IN

T
(1

) L
ad

de
rs

 d
iff

er
 a

s 
sh

ow
n 

be
lo

w
 b

et
w

ee
n 

w
he

n 
M

PS
, M

R
D

 a
nd

 M
P

P 
ar

e 
us

ed
 a

nd
 w

he
n 

th
ey

 
ar

e 
no

t u
se

d.

(2
)

U
se

 th
e 

sa
m

e 
nu

m
be

r o
f M

P
S 

an
d 

M
P

P 
in

st
ru

ct
io

ns
. I

f t
he

y 
di

ffe
r i

n 
th

e 
nu

m
be

r o
f u

se
d 

in
st

ru
ct

io
ns

, o
pe

ra
tio

n 
w

ill
 b

e 
pe

rfo
rm

ed
 a

s 
de

sc
rib

ed
 b

el
ow

.
1)

If 
th

e 
M

PS
 in

st
ru

ct
io

ns
 a

re
 u

se
d 

m
or

e 
th

an
 M

PP
 in

st
ru

ct
io

ns
, t

he
 la

dd
er

 is
 c

ha
ng

ed
 a

nd
 

th
e 

bu
ilt

-in
 P

LC
 fu

nc
tio

n 
pe

rfo
rm

s 
op

er
at

io
n 

ac
co

rd
in

g 
to

 th
e 

ne
w

 la
dd

er
.

2)
If 

th
e 

M
PP

 in
st

ru
ct

io
ns

 a
re

 u
se

d 
m

or
e 

th
an

 M
PS

 in
st

ru
ct

io
ns

, t
ha

t l
ad

de
r b

lo
ck

 re
su

lts
 in

 
a 

la
dd

er
 c

re
at

io
n 

er
ro

r, 
an

d 
th

e 
bu

ilt
-in

 P
LC

 fu
nc

tio
n 

ca
nn

ot
 p

er
fo

rm
 n

or
m

al
 o

pe
ra

tio
n.

La
dd

er
 u

si
ng

 M
PS

, M
R

D
 a

nd
 M

PP
La

dd
er

 n
ot

 u
si

ng
 M

PS
, M

R
D

 a
nd

 M
PP

C
od

in
g 

C
od

in
g 

W
he

n 
M

P
P 

is
 re

pl
ac

ed
 b

y 
N

O
P

B
ef

or
e 

ch
an

ge

A
fte

r c
ha

ng
e
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2

Se
qu

en
ce

 In
st

ru
ct

io
ns

Pr
og

ra
m

 E
xa

m
pl

e

 , 
 , 

1)
P

ro
gr

am
 u

si
ng

 M
P

S
, M

R
D

 a
nd

 M
PP

M
PS

M
R

D
M

PP

2)

3)
4)

5)

6)

7)

8) 9) 10
)

1) 2) 3) 4) 5) 6) 7) 8) 9) 10
)

C
od

in
g
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12
3

Se
qu

en
ce

 In
st

ru
ct

io
ns

3SEQUENCE PROGRAMMING

3.
25

.5
O

ut
pu

t I
ns

tr
uc

tio
ns

 : 
B

it 
de

vi
ce

, t
im

er
, c

ou
nt

er
 ..

. O
U

T

Fu
nc

tio
ns

(1
)

O
ut

pu
ts

 th
e 

op
er

at
io

n 
re

su
lt 

up
 to

 O
U

T 
in

st
ru

ct
io

n 
to

 th
e 

sp
ec

ifi
ed

 d
ev

ic
e.

U
sa

bl
e 

D
ev

ic
es

D
ig

it
D

es
ig

na
tio

n

Er
ro

r 
Fl

ag
B

it 
de

vi
ce

s
W

or
d 

(1
6-

bi
t) 

de
vi

ce
s

C
on

st
an

ts
Le

ve
l

X
Y

M
T

C
D

K
H

N
(M

90
10

, 
M

90
11

)
Bi

t d
ev

ic
e

Ti
m

er
D

ev
ic

e

Se
tti

ng

C
ou

nt
er

D
ev

ic
e

Se
tti

ng

O
U

T 
(Y

, M
)

O
pe

ra
tio

n 
R

es
ul

t
O

U
T 

In
st

ru
ct

io
n

C
oi

l
C

on
ta

ct
s

N
/O

 c
on

ta
ct

N
/C

 c
on

ta
ct

O
FF

O
FF

N
ot

 e
ne

rg
iz

e
En

er
gi

ze
O

N
O

N
En

er
gi

ze
N

ot
 e

ne
rg

iz
e

R
EM

A
R

K
S

Th
re

e 
st

ep
s 

ar
e 

us
ed

 fo
r t

he
 O

U
T 

in
st

ru
ct

io
n 

on
ly

 w
he

n 
th

e 
fo

llo
w

in
g 

de
vi

ce
 is

 u
se

d.
 S

pe
ci

al
 re

la
y 

(M
)

T0 T0 C
0

C
1

O
U

T
Y1

5

D
ev

ic
e 

nu
m

be
r

K
50

D
ev

ic
e 

nu
m

be
r (

T0
 to

 7
)

D
10

K
50

D
ev

ic
e 

nu
m

be
r (

C
0 

to
 7

)

O
U

T

O
U

T

D
ev

ic
e 

nu
m

be
r (

T0
 to

 7
)

D
ev

ic
e 

nu
m

be
r (

C
0 

to
 7

)

(Y
, M

)

(T
)

(C
)

D
10

Se
tti

ng
An

y 
of

 d
at

a 
re

gi
st

er
 

co
nt

en
ts

 1
 to

 3
27

67
 

is
 v

al
id

Se
tti

ng
An

y 
of

 1
 to

 3
27

67
 is

 
va

lid

Se
tti

ng
A

ny
 o

f 1
 to

 3
27

67
 is

 
va

lid

Se
tti

ng
A

ny
 o

f d
at

a 
re

gi
st

er
 

co
nt

en
ts

 1
 to

 3
27

67
 

is
 v

al
id
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4

Se
qu

en
ce

 In
st

ru
ct

io
ns

(1
)

W
he

n 
th

e 
op

er
at

io
n 

re
su

lt 
up

 to
 th

e 
O

U
T 

in
st

ru
ct

io
n 

is
 O

N
, t

he
 c

oi
l o

f t
he

 ti
m

er
tu

rn
s 

on
 a

nd
 t

he
 t

im
er

 t
im

es
 u

p 
to

 t
he

 s
et

tin
g,

 a
nd

 w
he

n 
th

e 
tim

er
 t

im
es

 o
ut

(ti
m

in
g 

va
lu

e 
 s

et
tin

g)
, t

he
 c

on
ta

ct
 o

pe
ra

te
s 

as
 in

di
ca

te
d 

be
lo

w
.

(2
)

W
he

n 
th

e 
op

er
at

io
n 

re
su

lt 
up

 to
 th

e 
O

U
T 

in
st

ru
ct

io
n 

tu
rn

s 
fro

m
 O

N
 to

 O
FF

, t
he

tim
er

 o
pe

ra
te

s 
as

 in
di

ca
te

d 
be

lo
w

.

(3
)

A
fte

r a
 ti

m
e-

ou
t, 

th
e 

co
nt

ac
t s

ta
te

 o
f t

he
 re

te
nt

iv
e 

tim
er

 re
m

ai
ns

 u
nc

ha
ng

ed
 u

nt
il

th
e 

R
S

T 
in

st
ru

ct
io

n 
is

 e
xe

cu
te

d.
(4

)
A

 n
eg

at
iv

e 
nu

m
be

r (
-3

27
68

 to
 -1

) c
an

no
t b

e 
sp

ec
ifi

ed
 fo

r t
he

 s
et

tin
g.

(5
)

If 
th

e 
se

tti
ng

 is
 0

, i
t i

s 
tim

ed
 a

s 
in

fin
ity

. H
en

ce
, t

he
 ti

m
er

 d
oe

s 
no

t t
im

e 
ou

t.
(6

)
R

ef
er

 to
 p

ag
e 

81
 fo

r t
he

 ti
m

in
g 

m
et

ho
d 

of
 th

e 
tim

er
.

(1
)

W
he

n 
th

e 
op

er
at

io
n 

re
su

lt 
up

 to
 th

e 
O

U
T 

in
st

ru
ct

io
n 

tu
rn

s 
fro

m
 O

FF
 to

 O
N

, t
he

pr
es

en
t 

va
lu

e 
(c

ou
nt

 v
al

ue
) 

is
 i

nc
re

m
en

te
d 

by
 1

, 
an

d 
w

he
n 

th
e 

co
un

te
r 

st
op

s
co

un
tin

g 
(p

re
se

nt
 v

al
ue

 =
 s

et
tin

g)
, t

he
 c

on
ta

ct
 o

pe
ra

te
s 

as
 in

di
ca

te
d 

be
lo

w
.

(2
)

Th
e 

co
un

te
r 

do
es

 n
ot

 c
ou

nt
 i

f 
th

e 
op

er
at

io
n 

re
su

lt 
re

m
ai

ns
 O

N
. 

(C
ou

nt
 in

pu
ts

ne
ed

 n
ot

 b
e 

co
nv

er
te

d 
in

to
 p

ul
se

s.
)

(3
)

A
fte

r t
he

 c
ou

nt
er

 h
as

 s
to

pp
ed

 c
ou

nt
in

g,
 th

e 
co

un
t v

al
ue

 a
nd

 c
on

ta
ct

 s
ta

te
 re

m
ai

n
un

ch
an

ge
d 

un
til

 th
e 

R
ST

 in
st

ru
ct

io
n 

is
 e

xe
cu

te
d.

(4
)

A
 n

eg
at

iv
e 

nu
m

be
r (

-3
27

68
 to

 -1
) c

an
no

t b
e 

sp
ec

ifi
ed

 fo
r t

he
 s

et
tin

g.
 If

 th
e 

se
tti

ng
is

 0
, p

ro
ce

ss
in

g 
is

 th
e 

sa
m

e 
as

 w
he

n 
th

e 
se

tti
ng

 is
 1

.
(5

)
R

ef
er

 to
 p

ag
e 

83
 fo

r t
he

 c
ou

nt
in

g 
m

et
ho

d 
of

 th
e 

co
un

te
r.

Ex
ec

ut
io

n 
C

on
di

tio
ns

Ex
ec

ut
ed

 e
ve

ry
 s

ca
n 

in
de

pe
nd

en
tly

 o
f t

he
 o

pe
ra

tio
n 

re
su

lt 
up

 to
 th

e 
O

U
T 

in
st

ru
ct

io
n.

O
U

T(
T)

N
/O

 c
on

ta
ct

En
er

gi
ze

N
/C

 c
on

ta
ct

N
ot

 e
ne

rg
iz

e

Ti
m

er
 T

yp
e

Ti
m

er
 

C
oi

l

Pr
es

en
t 

Va
lu

e 
of

 
Ti

m
er

B
ef

or
e 

Ti
m

e-
ou

t
A

fte
r T

im
e-

ou
t

N
/O

 c
on

ta
ct

N
/C

co
nt

ac
t

N
/O

co
nt

ac
t

N
/C

co
nt

ac
t

10
0m

s 
tim

er
O

FF
0

N
ot

 
en

er
gi

ze
En

er
gi

ze
N

ot
 

en
er

gi
ze

E
ne

rg
iz

e
10

m
s 

tim
er

10
0m

s 
re

te
nt

iv
e 

tim
er

O
FF

M
ai

nt
ai

ne
d

N
ot

 
en

er
gi

ze
En

er
gi

ze
En

er
gi

ze
N

ot
 

en
er

gi
ze

O
U

T(
C

)

N
/O

 c
on

ta
ct

En
er

gi
ze

N
/C

 c
on

ta
ct

N
ot

 e
ne

rg
iz

e
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5

Se
qu

en
ce

 In
st

ru
ct

io
ns

3SEQUENCE PROGRAMMING

P
ro

gr
am

 E
xa

m
pl

es

1)
P

ro
gr

am
 th

at
 o

ut
pu

ts
 to

 th
e 

ou
tp

ut
 m

od
ul

e.

2)
P

ro
gr

am
 th

at
 tu

rn
s 

on
 Y

10
 a

nd
 Y

14
 1

0s
 a

fte
r X

0 
ha

s 
tu

rn
ed

 o
n.

3)
P

ro
gr

am
 th

at
 tu

rn
s 

on
 Y

0 
w

he
n 

X0
 tu

rn
s 

on
 1

0 
tim

es
 a

nd
 tu

rn
s 

of
f Y

0 
w

he
n 

X
1 

tu
rn

s
on

.

4)
P

ro
gr

am
 th

at
 c

ha
ng

es
 th

e 
C

0 
se

tti
ng

 to
 1

0 
w

he
n 

X0
 tu

rn
s 

on
 a

nd
 to

 2
0 

w
he

n 
X

1
tu

rn
s 

on
.

O
U

T

C
od

in
g

C
od

in
g

C
od

in
g

S
to

re
s 

10
 in

to
 D

0 
w

he
n 

X0
 tu

rn
s 

on
.

S
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ru

ct
io

n 
ca

n 
us

e 
th

e 
sa

m
e 

ne
st

in
g 

(N
)

nu
m

be
r a

ny
 n

um
be

r o
f t

im
es

.

(4
)

W
he

n 
th

e 
M

C
 in

st
ru

ct
io

n 
is

 o
n,

 th
e 

co
il 

of
 th

e 
de

vi
ce

 s
pe

ci
fie

d 
at

 
 tu

rn
s 

on
.

S
in

ce
 u

si
ng

 th
e 

sa
m

e 
de

vi
ce

 in
 th

e 
O

U
T 

in
st

ru
ct

io
n,

 e
tc

. w
ill 

re
su

lt 
in

 d
ou

bl
e 

co
ils

,

th
e 

de
vi

ce
 s

pe
ci

fie
d 

at
 

 s
ho

ul
d 

no
t b

e 
us

ed
 in

 a
ny

 o
th

er
 in

st
ru

ct
io

n.

M
C

10
0m

s,
 1

0m
s 

tim
er

Th
e 

co
un

t v
al

ue
 is

 re
se

t t
o 

0 
an

d 
bo

th
 th

e 
co

il 
an

d 
co

nt
ac

t 
tu

rn
 o

ff.

10
0m

s 
re

te
nt

iv
e 

tim
er

, c
ou

nt
er

Th
e 

co
il 

tu
rn

s 
of

f b
ut

 b
ot

h 
th

e 
co

un
t v

al
ue

 a
nd

 c
on

ta
ct

 
m

ai
nt

ai
n 

th
e 

cu
rre

nt
 s

ta
te

s.
D

ev
ic

es
 in

 O
U

T 
in

st
ru

ct
io

n
A

ll 
tu

rn
 o

ff.
SE

T,
 R

ST
, 

SF
T 

or
 

ba
si

c
de

vi
ce

 in
 in

st
ru

ct
io

n
M

ai
nt

ai
ns

 th
e 

cu
rre

nt
 s

ta
te

.

D

D

D
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5

Se
qu

en
ce

 In
st

ru
ct

io
ns

3SEQUENCE PROGRAMMING

(1
)

Th
is

 in
st

ru
ct

io
n 

is
 d

es
ig

ne
d 

to
 re

se
t t

he
 m

as
te

r c
on

tro
l a

nd
 in

di
ca

te
s 

th
e 

en
d 

of
 th

e
m

as
te

r c
on

tro
l r

an
ge

.
(2

)
D

o 
no

t p
ro

vi
de

 a
 c

on
ta

ct
 in

st
ru

ct
io

n 
in

 fr
on

t o
f t

he
 M

C
R

 in
st

ru
ct

io
n.

Th
e 

m
as

te
r 

co
nt

ro
l 

in
st

ru
ct

io
ns

 c
an

 b
e 

ne
st

ed
. 

Th
ei

r 
m

as
te

r 
co

nt
ro

l 
ra

ng
es

 a
re

di
ffe

re
nt

ia
te

d 
by

 th
e 

ne
st

in
g 

(N
). 

Th
e 

ne
st

in
g 

ca
n 

be
 u

se
d 

fro
m

 N
0 

to
 N

7.
U

si
ng

 t
he

 n
es

tin
g 

st
ru

ct
ur

e,
 y

ou
 c

an
 c

re
at

e 
a 

la
dd

er
 t

ha
t 

re
st

ric
ts

 t
he

 p
ro

gr
am

ex
ec

ut
io

n 
co

nd
iti

on
s 

in
 o

rd
er

.
Th

e 
la

dd
er

 u
si

ng
 th

e 
ne

st
in

g 
st

ru
ct

ur
e 

is
 a

s 
sh

ow
n 

be
lo

w
.

M
C

R A B C

‰ñ
H̃

�
ƒ‚

[
ƒh

‚Å
‚Ì•\

Ž¦
D

is
pl

ay
 in

 la
dd

er
 m

od
e

A
ct

ua
l o

pe
ra

tio
n 

la
dd

er

E
xe

cu
te

d 
w

he
n 

A
 

tu
rn

s 
on

.

E
xe

cu
te

d 
w

he
n 

A
 

an
d 

B
 

tu
rn

 o
n.

E
xe

cu
te

d 
w

he
n 

A
, B

  
an

d 
C

 
tu

rn
 o

n.

E
xe

cu
te

d 
w

he
n 

A
 

an
d 

B
 

tu
rn

 o
n.

E
xe

cu
te

d 
w

he
n 

A
 

tu
rn

s 
on

.

Irr
el

ev
an

t 
to

 A
, B

 
an

d 
C

.
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13
6

Se
qu

en
ce

 In
st

ru
ct

io
ns

N
ot

e 
th

e 
fo

llo
w

in
g 

w
he

n 
ne

st
in

g 
th

e 
in

st
ru

ct
io

ns
.

(1
)

Th
e 

in
st

ru
ct

io
ns

 c
an

 b
e 

ne
st

ed
 to

 a
 le

ve
l o

f e
ig

ht
 (N

0 
to

 7
). 

W
he

n 
ne

st
in

g 
th

em
,

us
e 

M
C

 fr
om

 lo
w

er
 to

 h
ig

he
r n

es
tin

g 
(N

) n
um

be
rs

 a
nd

 M
C

R
 fr

om
 h

ig
he

r t
o 

lo
w

er
nu

m
be

rs
. 

In
 

th
e 

op
po

si
te

 
or

de
r, 

th
e 

P
LC

 
fu

nc
tio

n 
ca

nn
ot

 
pe

rfo
rm

 
no

rm
al

op
er

at
io

n 
si

nc
e 

th
e 

in
st

ru
ct

io
ns

 c
an

no
t b

e 
ne

st
ed

.

(2
)

W
he

n 
th

e 
M

C
R

 in
st

ru
ct

io
ns

 a
re

 g
at

he
re

d 
in

 o
ne

 p
la

ce
 in

 th
e 

ne
st

in
g 

st
ru

ct
ur

e,
 a

ll
m

as
te

r c
on

tro
ls

 c
an

 b
e 

te
rm

in
at

ed
 b

y 
on

e 
lo

w
es

t n
es

tin
g 

(N
) n

um
be

r.

Si
nc

e 
bu

se
s 

cr
os

s 
ea

ch
 o

th
er

, n
or

m
al

 
m

as
te

r c
on

tro
l l

ad
de

r c
an

no
t b

e 
cr

ea
te

d.

A B

D
is

pl
ay

 in
 la

dd
er

 m
od

e

N
es

tin
g 

nu
m

be
rs

 o
f M

C
R

 a
re

 
op

po
si

te
.

A
ct

ua
l o

pe
ra

tio
n 

la
dd

er
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Se
qu

en
ce

 In
st

ru
ct

io
ns

3SEQUENCE PROGRAMMING

3.
25

.1
0

En
d 

In
st

ru
ct

io
n 

: S
eq

ue
nc

e 
pr

og
ra

m
 e

nd
 ..

. E
N

D

Fu
nc

tio
ns

(1
)

In
di

ca
te

s 
th

e 
en

d 
of

 a
 p

ro
gr

am
. E

xe
cu

tio
n 

te
rm

in
at

es
 s

ca
nn

in
g 

at
 th

is
 s

te
p 

an
d

re
tu

rn
s 

to
 s

te
p 

0.

(2
)

Th
e 

E
N

D
 in

st
ru

ct
io

n 
ca

nn
ot

 b
e 

us
ed

 h
al

fw
ay

 th
ro

ug
h 

th
e 

se
qu

en
ce

 p
ro

gr
am

.

U
sa

bl
e 

D
ev

ic
es

D
ig

it 
D

es
ig

na
tio

n

Er
ro

r 
Fl

ag
B

it 
de

vi
ce

s
W

or
d 

(1
6-

bi
t) 

de
vi

ce
s

C
on

st
an

ts
Le

ve
l

X
Y

M
T

C
D

K
H

N
(M

90
10

, 
M

90
11

)

C
A

U
TI

O
N

If 
th

e 
EN

D
 in

st
ru

ct
io

n 
do

es
 n

ot
 e

xi
st

 in
 th

e 
pr

og
ra

m
, a

n 
op

er
at

io
n 

er
ro

r 
oc

cu
rs

 a
nd

 th
e

PL
C

 fu
nc

tio
n 

do
es

 n
ot

 o
pe

ra
te

.

E
N

D

S
eq

ue
nc

e 
pr

og
ra

m
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8

Se
qu

en
ce

 In
st

ru
ct

io
ns

3.
25

.1
1

O
th

er
 In

st
ru

ct
io

ns
 : 

N
o 

op
er

at
io

n 
...

 N
O

P

Fu
nc

tio
ns

(1
)

N
o-

op
er

at
io

n 
in

st
ru

ct
io

n 
th

at
 h

as
 n

o 
in

flu
en

ce
 o

n 
th

e 
pr

ec
ed

in
g 

op
er

at
io

n.
(2

)
U

se
 N

O
P

 to
:

1)
 P

ro
vi

de
 s

pa
ce

 fo
r d

eb
ug

gi
ng

 o
f a

 s
eq

ue
nc

e 
pr

og
ra

m
.

2)
 D

el
et

e 
an

 i
ns

tru
ct

io
n 

w
ith

ou
t 

ch
an

gi
ng

 t
he

 n
um

be
r 

of
 s

te
ps

. 
(C

ha
ng

e 
th

e
in

st
ru

ct
io

n 
fo

r N
O

P
)

3)
 D

el
et

e 
an

 in
st

ru
ct

io
n 

te
m

po
ra

ril
y.

U
sa

bl
e 

D
ev

ic
es

D
ig

it 
D

es
ig

na
tio

n

Er
ro

r 
Fl

ag
B

it 
de

vi
ce

s
W

or
d 

(1
6-

bi
t) 

de
vi

ce
s

C
on

st
an

ts
Le

ve
l

X
Y

M
T

C
D

K
H

N
(M

90
10

, 
M

90
11

)

N
O

P

N
O

P 
do

es
 n

ot
 a

pp
ea

r i
n 

la
dd

er
 d

is
pl

ay
.
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9

Se
qu

en
ce

 In
st

ru
ct

io
ns

3SEQUENCE PROGRAMMING

Pr
og

ra
m

 E
xa

m
pl

es

1)
 C

on
ta

ct
 s

ho
rt-

ci
rc

ui
t (

AN
D

, A
N

I)

2)
 C

on
ta

ct
 s

ho
rt-

ci
rc

ui
t (

LD
, L

D
I)

...
...

.N
ot

e 
th

at
 if

 L
D

 o
r 

LD
I 

is
 r

ep
la

ce
d 

by
 N

O
P,

 t
he

la
dd

er
 w

ill 
be

 c
om

pl
et

el
y 

ch
an

ge
d.

N
O

P

B
ef

or
e 

ch
an

ge

R
ep

la
ce

d 
by

 N
O

P.

A
fte

r c
ha

ng
e

C
od

in
g

C
od

in
g

R
ep

la
ce

d 
by

 L
D

 T
3.

B
ef

or
e 

ch
an

ge

R
ep

la
ce

d 
by

 N
O

P.

A
fte

r c
ha

ng
e

C
od

in
g

R
ep

la
ce

d 
  

by
 N

O
P.

B
ef

or
e 

ch
an

ge

A
fte

r c
ha

ng
e

C
od

in
g
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14
0

B
as

ic
 In

st
ru

ct
io

ns

3.
26

B
as

ic
 In

st
ru

ct
io

ns

Th
e 

ba
si

c 
in

st
ru

ct
io

ns
 c

an
 h

an
dl

e 
nu

m
er

ic
al

 d
at

a 
re

pr
es

en
te

d 
in

 1
6 

bi
ts

3.
26

.1
C

om
pa

ris
on

 O
pe

ra
tio

n 
In

st
ru

ct
io

ns
(1

)
Th

e 
co

m
pa

ris
on

 o
pe

ra
tio

n 
in

st
ru

ct
io

n 
is

 h
an

dl
ed

 a
s 

a 
co

nt
ac

t, 
co

m
pa

re
s 

th
e

m
ag

ni
tu

de
s 

of
 tw

o 
pi

ec
es

 o
f d

at
a 

(e
.g

. =
, >

, <
), 

an
d 

tu
rn

s 
on

 w
he

n 
th

e 
co

nd
iti

on
ho

ld
s.

(2
)

U
se

 t
he

 c
om

pa
ris

on
 o

pe
ra

tio
n 

in
st

ru
ct

io
ns

 in
 t

he
 s

am
e 

m
an

ne
r 

as
 t

he
 c

on
ta

ct
in

st
ru

ct
io

ns
 o

f t
he

 P
LC

 in
st

ru
ct

io
ns

 a
s 

in
di

ca
te

d 
be

lo
w

.
 

LD
, L

D
I.

...
...

..
LD

=
 

AN
D

, A
N

I.
...

.A
N

D
=

 
O

R
, O

R
I.

...
...

O
R

=

(3
)

Th
er

e 
ar

e 
th

e 
fo

llo
w

in
g 

18
 d

iff
er

en
t c

om
pa

ris
on

 o
pe

ra
tio

n 
in

st
ru

ct
io

ns
.

R
ef

er
 to

 p
ag

e 
14

2 
fo

r d
et

ai
ls

.

(4
)

Th
e 

co
nd

iti
on

s 
th

at
 th

e 
co

m
pa

ris
on

 o
pe

ra
tio

n 
in

st
ru

ct
io

ns
 tu

rn
 o

n 
ar

e 
as

 fo
llo

w
s.

C
la

ss
ifi

ca
tio

n
In

st
ru

ct
io

n 
Sy

m
bo

l
C

la
ss

ifi
ca

tio
n

In
st

ru
ct

io
n 

Sy
m

bo
l

C
la

ss
ifi

ca
tio

n
In

st
ru

ct
io

n 
Sy

m
bo

l

=
LD

=
>

LD
>

<
LD

<
AN

D
=

AN
D

>
AN

D
<

O
R

=
O

R
>

O
R

<
LD

<>
LD

<=
LD

>=
AN

D
<>

AN
D

< =
AN

D
>=

O
R

<>
O

R
< =

O
R

>=

O
N

O
FF

O
FF

D
n 

= 
K1

00

98
99

10
0

10
1

10
2

O
FF

O
N

D
n 

   
K1

00

O
FF

O
N

D
n 

   
K1

00

O
FF

O
N

O
N

D
n 

   
K1

00

O
N

O
FF

D
n 

   
K1

00

O
FF

O
N

D
n 

   
K1

00
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1

B
as

ic
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st
ru

ct
io

ns

3SEQUENCE PROGRAMMING

C
A

U
TI

O
N

Th
e 

co
m

pa
ris

on
 in

st
ru

ct
io

n 
re

ga
rd

s 
th

e 
sp

ec
ifi

ed
 d

at
a 

as
 B

IN
 v

al
ue

s.
 H

en
ce

, i
f t

he
 v

al
ue

w
ho

se
 m

os
t s

ig
ni

fic
an

t b
it 

(b
15

) i
s 

1 
(8

 to
 F

) i
s 

sp
ec

ifi
ed

 fo
r c

om
pa

ris
on

 o
f h

ex
ad

ec
im

al
da

ta
, i

t i
s 

re
ga

rd
ed

 a
s 

a 
ne

ga
tiv

e 
B

IN
 v

al
ue

.

C
om

pa
ris

on
 o

f 4
-d

ig
it 

H
EX

 v
al

ue
s

Th
er

ef
or

e,
 th

e 
re

su
lt 

is
 -3

27
67

 <
 1

38
4 

an
d 

Y1
0 

do
es

 n
ot

 tu
rn

 o
n.

Ex
am

pl
e

R
eg

ar
de

d 
as

 -3
27

67
 

in
 B

IN
.

R
eg

ar
de

d 
as

 1
38

4 
in

 B
IN

.

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1529 of 2133



14
2

B
as

ic
 In

st
ru

ct
io

ns

3.
26

.2
C

om
pa

ris
on

 O
pe

ra
tio

n 
In

st
ru

ct
io

ns
 : 

16
-b

it 
da

ta
 c

om
pa

ris
on

 ..
. =

, <
>,

 >
, <

=,
 <

, >
=

Fu
nc

tio
ns

(1
)

H
an

dl
ed

 a
s 

an
 N

/O
 c

on
ta

ct
 a

nd
 p

er
fo

rm
s 

16
-b

it 
co

m
pa

ris
on

 o
pe

ra
tio

n.
(2

)
Th

e 
co

m
pa

ris
on

 o
pe

ra
tio

n 
re

su
lts

 a
re

 a
s 

in
di

ca
te

d 
be

lo
w

.

Ex
ec

ut
io

n 
C

on
di

tio
ns

Th
e 

ex
ec

ut
io

n 
co

nd
iti

on
s 

of
 L

D
 

, A
N

D
 

 a
nd

 O
R

 
 a

re
 a

s 
in

di
ca

te
d 

be
lo

w
.

U
sa

bl
e 

D
ev

ic
es

D
ig

it 
D

es
ig

na
tio

n

Er
ro

r 
Fl

ag
B

it 
de

vi
ce

s
W

or
d 

(1
6-

bi
t) 

de
vi

ce
s

C
on

st
an

ts
Le

ve
l

X
Y

M
T

C
D

K
H

N
(M

90
10

, 
M

90
11

)

K
1 

to
 K

4

In
st

ru
ct

io
n 

sy
m

bo
l i

n 
C

on
di

tio
n

C
om

pa
ris

on
 

O
pe

ra
tio

n 
R

es
ul

t

In
st

ru
ct

io
n 

sy
m

bo
l i

n 
C

on
di

tio
n

C
om

pa
ris

on
 

O
pe

ra
tio

n 
R

es
ul

t
=

 =
 

En
er

gi
ze

=
 

 

N
ot

 e
ne

rg
iz

e

<>
 

 
<>

 =
 

>
 >
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 >
 

<
 <

 
<
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 <
 

In
st

ru
ct

io
n

Ex
ec

ut
io

n 
C

on
di

tio
n

LD
 

Ex
ec

ut
ed

 e
ve

ry
 s

ca
n.

AN
D

 
Ex

ec
ut

ed
 o

nl
y 

w
he

n 
th

e 
pr

ec
ed

in
g 

co
nt

ac
t i

ns
tru

ct
io

n 
is

 o
n.

O
R

 
Ex

ec
ut

ed
 e

ve
ry

 s
ca

n.

S1 S2

In
st

ru
ct

io
n 

sy
m

bo
l i

n 
=,

 <
>,

 >
, <

=,
 <

, >
=

C
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We declare under our sole responsibility that the MTL7700
Series products listed in Annex 1 overleaf, to which this
declaration relates, conform with the requirements of the
Directives below by compliance with the standards listed:

1. Council Directive 89/336/EEC (EMC Directive) relating
to Electro-Magnetic Compatibility,

EN 61326 (Annex A - industrial locations)

2. Council Directive 73/23/EEC (Low Voltage Directive), 
amended by 93/68/EEC, relating to Product Safety.

EN 61010-1

3. Council Directive 94/9/EC (ATEX Directive) relating to 
equipment and protective systems intended for use in 
potentially explosive atmospheres.

EN 50014
EN 50020

15 November 2004 J. N. Malins
Luton, England Chief Technical Officer
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Product Description EMC1 LVD2 ATEX3
Cat1/Cat2
ATEX Cert. No.

Cat3
ATEX Cert. No.

MTL7706+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7707+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7707P+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7218 MTL02ATEX7700BX
MTL7710+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7715+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7715P+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7722+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7728+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7728- Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7728ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7728P+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7729P+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7218 MTL02ATEX7700BX
MTL7741 Shunt-Diode Safety Barrier Yes Yes Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7742 Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7743 Shunt-Diode Safety Barrier Yes Yes Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7744 Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7745 Shunt-Diode Safety Barrier Yes Yes Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7755ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7756ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7758- Shunt-Diode Safety Barrier Yes N/R  Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7758+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7760ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7761ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7761Pac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7764+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7764ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7765ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7766ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7766Pac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7767+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7778ac Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7779+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7787- Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7787+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7787P+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7788+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7788R+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7789+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7796- Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7796+ Shunt-Diode Safety Barrier Yes N/R Yes BAS01ATEX7217 MTL02ATEX7700CX
MTL7799 Dummy Barrier N/R N/R N/R None None

Notes relating to CE Marking:

1  Entries in this column may be:
Yes Product conforms to the EMC Directive
N/R Product is not required to conform to the EMC Directive

    Units with date codes prior to 0127 comply with the generic standards EN 50081 Part 2 and EN 50082 Part 2 instead of EN61326

2  Entries in this column may be:
Yes Product conforms to the LVD Directive
N/R Product is not required to conform to the LVD Directive

3  Entries in this column may be:
Yes Product conforms to the ATEX Directive
N/R Product is not required to conform to the ATEX Directive

Notified Body responsible for Cat 1 or 2 ATEX Certificates:

Baseefa (2001) Ltd
Health & Safety Laboratory Site
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Notified body number 1180.

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1622 of 2133



MTL7700 Series

ATEX  94/9/EC

INA7700-1

��

�

�

�

�

��

	


�

�

��


�

���

	�

��

��

���

��

��

�

�

Safety Instructions (ATEX)

Consignes de sécurité (ATEX)

Sicherheitshinweise (ATEX)

Informazioni per la 
Sicurezza (ATEX)

Información seguridad (ATEX)

Informação se segurança (ATEX)

Velligheidsinformatie (ATEX)

Sikkerhedsinfomation (ATEX)

Säkerhetsinformation (ATEX)

Turvallisuusohjeet (ATEX)

Oδηγίες ασ
άλειας (ATEX)

Varnostni napotki (ATEX)

Biztonsági útmutató (ATEX)

Instrukcja bezpieczenstwa (ATEX)

Bezpečnostní instrukce (ATEX)

Bezpečnostné inštrukcie (ATEX)

Ohutusjuhised (ATEX)

Drošības noteikumi (ATEX)

Saugos instrukcija (ATEX)

Struzzjonijiet tas-Sigurtà (ATEX)
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Product EMC1 LVD2 ATEX3 ATEX Cert. No. ATEX Cert. No.
Cat1/Cat2 Cat3

MTL7706+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7707+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7707P+ √ • √ BAS01ATEX7218 MTL02ATEX7700BX

MTL7710+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7715+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7715P+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7722+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7728+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7728- √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7728ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7728P+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7729P+ √ • √ BAS01ATEX7218 MTL02ATEX7700BX

MTL7741 √ √ √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7742 √ √ √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7743 √ √ √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7744 √ √ √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7745 √ √ √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7755ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7756ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7758- √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7758+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7760ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7761ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7761Pac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7764+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7764ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7765ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7766ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7766Pac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7767+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7778ac √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7779+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7787- √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7787+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7787P+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7788+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7788R+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7789+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7796- √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7796+ √ • √ BAS01ATEX7217 MTL02ATEX7700CX

MTL7799 • • • — —

A Ω 

μ μ Ω

μ μ Ω
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Model No. V Ω mA

MTL7706+ 28 300 93
MTL7707+ 28 300 93

28 -
MTL7707P+ 28 164 171

28 -
MTL7710+ 10 50 200
MTL7715+ 15 100 150
MTL7715P+ 15 50 291
MTL7722+ 22 150 147
MTL7728+ 28 300 93
MTL7728– 28 300 93
MTL7728ac 28 300 93
MTL7728P+ 28 234 119
MTL7729P+ 28 164 170
MTL774X 10 - 19
MTL7755ac 3 10 300*

3 10 300*
MTL7756ac 3 10 300*

3 10 300*
3 10 300*

MTL7758+/– 7.5 10 750
7.5 10 750

MTL7761ac 9 90 100
9 90 100

MTL7761Pac 9 350 26
9 350 26

MTL7764+/ac 12 1000 12
12 1000 12

MTL7766ac 12 150 80
12 150 80

MTL7766Pac 12 75 157
12 75 157

MTL7767+ 15 100 150
15 100 150

MTL7779+ 28 300 93
28 300 93

MTL7796+ 26 300 87
20 390 51

MTL7796– 26 300 87
20 390 51

MTL7760ac 10 50 200
10 50 200

MTL7765ac 15 100 150
15 100 150

MTL7778ac 28 600 47
28 600 47

MTL7789+ 28 300 93†

28 -
28 -

MTL7787+/– 28 300 93
28 -

MTL7787P+ 28 234 119
28 -

MTL7788+ 28 300 93
10 50 200

MTL7788R+ 28 300 93
10 50 200

BASEEFA Group IIC 

1 2 C L 3 L/R 4
Model No. (μF) (mH) (μH/Ω) (W)
MTL7706 + a 0.083 3.05 (4.2) 56 0.65
MTL7707 + a1/a2/b 0.083 3.05 (4.2) 56 0.65
MTL7710 + a 3 0.91 74 0.50
MTL7715 + a 0.58 1.45 66 0.56
MTL7715P + a 0.580 0.33 28 1.09
MTL7722 + a 0.165 1.45 45 0.81
MTL7728 +/-/ac a 0.083 3.05 (4.2) 56 0.65
MTL7728P + a 0.083 1.82 (2.51) 44 0.83
MTL774X b3 2.86 96 742 —
MTL7755 ac a1/a2 100 0.46 145 0.225

b 100 0.13 69 0.45
c 40 0.41 73 0.45

MTL7756 ac a1/a2/a3 100 0.46 145 0.225
b1 100 0.13 69 0.45 
b2 100 0.06 44 0.675
c1 40 0.41 73 0.45
c2 40 0.23 61 0.60

MTL7758 +/- a1/a2 11.1 0.07 26 1.40
b 11.1 0.02 10 2.8

MTL7760 ac a1/a2 3 0.91 74 0.5
b 3 0.20 27 1.00

MTL7761 ac a1/a2 4.9 3.72 163 0.225
b 4.9 0.91 62 0.45
c 0.31 3.72 81 0.45

MTL7761P ac a1/a2 4.9 56 613 0.058
b 4.9 14 236 0.115
c 0.31 56 306 0.115

MTL7764 + a1/a2 1.41 240 1000 0.036
b 1.41 61 360 0.072

MTL7764 ac a1/a2 1.41 240 1000 0.036
b 1.41 61 360 0.072
c 0.125 240 500 0.072

MTL7765 ac a1/a2 0.580 1.45 66 0.56
b 0.580 0.32 22 1.125

MTL7766 ac a1/a2 1.41 5.8 151 0.24
b 1.41 1.47 58 0.48
c 0.125 5.8 75 0.48

MTL7766P ac a1 1.41 1.47 78 0.471
b 1.41 0.34 29 0.942
c 0.125 1.15 39 0.942

MTL7767 + a1/a2 0.58 1.45 66 0.56
b 0.58 0.32 22 1.125

MTL7778 ac a1/a2 0.083 16 107 0.33
b 0.083 3.05 (4.2) 42 0.33

MTL7779 + a1/a2 0.083 3.05 (4.2) 56 0.65
b

MTL7787 +/- a1 0.083 3.05 (4.2) 56 0.65
a2 0.083 — — —
b 0.083 3.05 (4.2) 56 0.65

MTL7787P + a1 0.083 1.82 (2.51) 44 0.835
a2 0.083 — — —
b 0.083 1.82 (2.51) 44 0.835

MTL7788 + a1 0.083 3.05 (4.2) 56 0.65
a2 3.0 0.91 74 0.5
b 0.083 0.33 25 0.92

MTL7788R + a1 0.083 3.05 (4.2) 56 0.65
a2 3.0 0.91 74 0.5
b 0.083 0.33 25 0.92

MTL7789 + c 0.083 16 106 0.33
MTL7796 +/- a1 0.1 4.91 64 0.56

a2 0.22 13 136 0.26
b 0.1 1.94 34 0.81

5

BASEEFA Group IIB

1 2 C L L/R 4
Model No. (μF) (mH) (μH/Ω) (W)
MTL7707P + a1 0.65 5.34 125 2.64

b 0.65 5.34 125 2.64
MTL7729P + a1 0.65 5.65 127 2.64

D
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1

English  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

Français  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

Deutsch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6

Italiano  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Español  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10

Português . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Nederlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14

Dansk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16

Svenska  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18

Suomi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20

Ελληυικα  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .22

Slovenščina  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24

Magyar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26

Polski  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .28

Cesky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30

Slovensky . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .32

Eesti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34

Latviski  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .36

Lietuviskai  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .38

Malti  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40

^
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Declaration of Conformity
We declare under our sole responsibility that the MTL7700 Series products listed in Table A (see the front
cover fold-out), to which this declaration relates, conform with the requirements of the Directives below by
compliance with the standards listed:

Table A (see the front cover fold-out)

Notes relating to CE Marking:

√ = Product conforms to the indicated Directive  
• = Product is not required to conform to the indicated Directive

1. Council Directive 89/336/EEC (EMC Directive) relating to Electro-Magnetic Compatibility,
EN 61326 (Annex A industrial locations)
(Units with date codes prior to 0127 comply with the generic standards EN 50081 Part 2 and EN 50082 Part 2
instead of EN 61326)

2. Council Directive 73/23/EEC (Low Voltage Directive), amended by 93/68/EEC, relating to Product Safety.
EN 61010-1

3. Council Directive 94/9/EC (ATEX Directive) relating to equipment and protective systems intended for use in
potentially explosive atmospheres. EN 50014, EN 50020

Notified Body responsible for Cat 1 or 2 ATEX Certificates:

Baseefa (2001) Ltd Notified body number: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN Signed:_________________________

J. N. Malins - Chief Technical Officer

2

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Notes (numbers related to numbers in C and D)
1 Polarity

ac indicates a non-polarised, star-connected, barrier
configuration.

2 Circuit configurations
a Single channel barrier.
a1 First channel of a dual/triple channel barrier.
a2 Second channel of a dual/triple channel barrier.
a3 Third channel of a dual/triple channel barrier.
b Both channels of a dual channel barrier connected in

parallel, with respect to earth.
b1 Two channels of a triple channel barrier connected in

parallel, with respect to earth.
b2 Three channels of a triple channel barrier connected in

parallel, with respect to earth.

b3 Both channels of each switch input connected together.
c Both channels of a dual channel barrier interconnected

with no earth return or, either pair of channels of a 4-
channel barrier interconnected, with no earth return.

c1 Two channels of a triple channel barrier interconnected,
with no earth return.

c2 Three channels of a triple channel barrier interconnected,
with no earth return. This assumes two of the channels are
in parallel.

3 When the external circuit contains no lumped inductance
greater than 10mH, the cable inductance may be increased to
the values within parenthesis.

4 Matched Power.
5 Not Permitted.

Notes relating to tables on the back cover fold-out

Table B - Safety descriptions
* Ta = 65°C 
† Terminals 3 and 7 connected together

Table C - Maximum cable parameters - IIC gas group

Table D - Maximum cable parameters - IIB gas group
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ATEX Safety Instructions for 
MTL7700 Series

Shunt Diode Safety Barriers

The following information is in accordance with the Essential Health and Safety Requirements (Annex II) of the EU
Directive 94/9/EC [the ATEX Directive - safety of apparatus] and is provided for those locations where the ATEX Directive
is applicable.

General
a) In common with all other electrical apparatus installed in hazardous areas, this apparatus must only be installed,

operated and maintained by competent personnel. Such personnel shall have undergone training, which included
instruction on the various types of protection and installation practices, the relevant rules and regulations, and on the
general principles of area classification. Appropriate refresher training shall be given on a regular basis. [See clause
4.2 of EN 60079-17].

b) This apparatus meets the requirements of associated electrical apparatus in accordance with EN 50020 and
EN50014.

c) This apparatus also meets the requirements of protection 'n' in accordance with EN 50021.
d) This apparatus provides protection against all the relevant additional hazards referred to in Annex II of the directive,

such as those in clause 1.2.7.

Installation
a) The installation must comply with the appropriate European, national and local regulations, which may include

reference to the IEC code of practice IEC 60079-14. In addition, particular industries or end users may have specific
requirements relating to the safety of their installations and these requirements should also be met. For the majority
of installations the Directive 1999/92/EC [the ATEX Directive - safety of installations] is also applicable.

b) This apparatus is an associated electrical apparatus and is normally mounted in a non-hazardous [safe] area. It also
meets the requirements of Category 3 apparatus and may be installed in a Zone 2 location providing that the relevant
installation conditions are met. When mounted in a Zone 1 location the apparatus must be provided with an
enclosure, which offers an additional degree of protection appropriate to the area classification.

c) This apparatus must not be subjected to mechanical and thermal stresses in excess of those permitted in the
certification documentation, this safety information and the product specification. If necessary the product must be
protected by an enclosure to prevent mechanical damage.

d) The apparatus must not be installed in a position where it may be attacked by aggressive substances and must be
protected from excessive dust, moisture and other contaminants by an enclosure.

Inspection and maintenance
a) Inspection and maintenance should be carried out in accordance with European, national and local regulations which

may refer to the IEC standard IEC 60079-17. In addition specific industries or end users may have specific
requirements which should also be met.

b) Access to the internal circuitry must not be made during operation.
c) If the outer enclosure of the apparatus needs to be cleaned, this should be done with a cloth lightly moistened by a

dilute mixture of detergent in water.

Repair 
a) These barriers must not be repaired. A barrier must be replaced by an equivalent certified product. 

Marking 
MTL7700 Series barriers carry a certificate number as detailed in Table A (Declaration of Conformity). Each device is
also CE marked with the Notified Body Identification Number of 1180, and carries the following information:

a) Company logo
b) Company Name and Address
c) Product Number and Name
d) Certificate Number(s)
e) Ex Classification (where applicable)
f) Schematic diagram
g) Safety description parameters
h) Ambient temperature range

This manual applies to products manufactured and date 
marked during or after the year 2003.

Figure B1: Typical MTL7700 Series barrier label
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Traduction de déclaration de conformité
Nous certifions, sous notre propre responsabilité, que les produits de la série MTL7700 présentés dans le
tableau A (voir le recto de la couverture), auxquels cette déclaration se rapporte, sont conformes aux
exigences de la Directive suivante et respectent les normes indiquées :

Tableau A (Voir le recto de la couverture)

Remarques concernant le marquage CE :

√ = Produit conforme à la Directive indiquée  
• = Pour ce produit, la conformité à la Directive indiquée n’est pas requise

1. Directive du Conseil 89/336/EEC (Directive EMC) concernant la compatibilité électromagnétique,
EN 61326 (Annexe A emplacements industriels)
(Les appareils dont les codes de date sont antérieurs à 0127 sont conformes aux normes génériques EN 50081
Part 2 et à EN 50082 Part 2 au lieu de EN 61326)

2. Directive du Conseil 73/23/EEC (Directive pour basse tension), amendée par 93/68/EEC, concernant la sécurité
des produits. EN 61010-1

3. Directive du conseil 94/9/EC (Directive ATEX) concernant des équipements et des systèmes de protection prévus
pour l’utilisation dans une atmosphère potentiellement explosive. EN 50014, EN 50020

Organisme notifié responsable des certifications ATEX de catégorie 1 ou 2 :

Baseefa (2001) Ltd Numéro de d’organisme notifié : 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, Angleterre, LU1 3JJ
Tél : +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Notes (nombres liés ą C et D)
1 Polarité

ac indique une configuration barrière non polarisée raccordée
à étoile.

2 Configurations du circuit
a Barrière à voie simple.
a1 Première voie d'une barrière à double ou triple voies.
a2 Deuxième voie d'une barrière à double ou triple voies.
a3 Troisième voie d'une barrière à double ou triple voies.
b Les deux voies d'une barrière double voies raccordée en

parallèle par rapport à la terre.
b1 Deux voies d'une barrière triple voies raccordée en

parallèle par rapport à la terre.
b2 Les trois voies d'une barrière triple voies raccordée en

parallèle par rapport à la terre.

b3 Les deux voies de chaque entrée de commutateur
raccordées ensembles.

c Les deux voies d'une barrière double voies
interconnectées sans retour de terre ou chaque paire de
voies d'une barrière à quatre voies interconnectées, sans
retour de terre.

c1 Deux voies d'une barrière triple voies sans retour de terre.
c2 Les trois voies d'une barrière triple voies sans retour de

terre. Ceci suppose que deux des voies sont en parallèles.
3 Quand le circuit externe ne comprend pas d'inductance

localisée supérieure à 10 mH, l'inductance du câble peut être
augmentée jusqu'aux valeurs entre parenthèses.

4 Puissance équivalente.
5 Non autorisé.

Remarques concernant les tableaux au verso de la couverture

Tableau B - Descriptions de sécurité
* Ta = 65°C 
† Bornes 3 et 7 raccordées ensemble

Tableau C - Paramètres maximums de câbles - Groupe des gaz IIC

Tableau D - Paramètres maximums de câbles - groupe des gaz IIB
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Instructions de sécurité ATEX pour 
Série MTL7700

Barrière de sécurité par diode shunt

Les informations suivantes sont conformes aux exigences essentielles de santé et de sécurité (annexe II) de la Directive
EU 94/9/EC [la directive ATEX - sécurité des appareils] et sont pourvues pour les endroits où la Directive ATEX est
applicable.

Généralités
a) Comme pour tous les autres appareils électriques installés dans des zones dangereuses, cet appareil ne doit être

installé, utilisé et entretenu que par un personnel compétent. Le personnel doit avoir suivi une formation comprenant
des instructions sur les différents types de pratiques d'installation et de protection, les règles et les codes applicables
et les principes généraux de classification des zones. Une formation continue appropriée doit être donnée sur une
base régulière. [Voir la norme 4.2 de EN 60079-17].

b) Ce appareil est conforme aux exigences des appareils électriques associés selon EN 50020 et EN50014.
c) Cet appareil est aussi conforme aux exigences de protection 'n' selon EN 50021.
d) Ce appareil offre une protection contre tous les risques supplémentaires applicables mentionnés dans l'annexe II de

la directive, comme ceux de la clause 1.2.7.

Installation
a) L'installation doit être conforme aux règlements européens, nationaux et locaux applicables, qui peuvent faire

référence au code de pratique IEC 60079-14. En outre, certaines industries ou utilisateurs finaux peuvent avoir des
exigences particulières concernant la sécurité de leurs installations et ces exigences doivent aussi être respectées.
Pour la plupart des installations, la Directive 1999/92/EC [la Directive ATEX - sécurité des installations] est aussi
applicable.

b) Cet appareil est un appareil électrique associé et est normalement installé dans une zone [sûre]. Il répond aussi aux
exigences des appareils de catégorie 3 et peut être installé en zone 2 si les conditions d'installation correspondantes
sont remplies. S'il est installé en zone 1, l'appareil peut être fourni avec un boîtier offrant un niveau supplémentaire
de protection correspondant à la classification de la zone.

c) Cet appareil ne doit être soumis à des efforts mécaniques ou thermiques dépassant ce qui est permis dans la
documentation de certification, cette information de sécurité et les spécifications du produit. Si nécessaire, le produit
doit être protégé par un boîtier pour éviter des dégâts mécaniques.

d) L'appareil ne doit pas être installé dans une position où il pourrait être attaqué par des substances agressives et doit
être protégé contre la poussière, l'humidité et autres contaminants en quantité excessive par un boîtier.

Inspection et maintenance
a) L'inspection et la maintenance doivent être effectuées selon les normes européens, nationaux, régionaux et locaux

qui se  référence à la norme IEC 60079-17. En outre, certaines industries et utilisateurs finaux peuvent avoir des
exigences particulières qui doivent aussi être respectées.

b) Il ne faut pas accéder aux circuits internes pendant le fonctionnement.
c) Si le boîtier externe de l'appareil a besoin d'être nettoyé, cela doit être fait avec un chiffon légèrement humecté par

le moyen de détergeant dilué dans de l'eau.

Réparation 
a) Ces barrières ne sont pas réparables. Une barrière doit être remplacée par un produit certifié équivalent. 

Marquage 
Les barrières de la série MTL7700 portent un numéro de certification comme indiqué dans le tableau A (déclaration de
conformité). Chaque appareil porte aussi le marquage CE ainsi que le numéro d'identification de l’organisme  notifié de
1180 et il comporte les informations suivantes :

a) Logo de la société
b) Nom et adresse de la société
c) Nom et numéro du produit
d) Numéro(s) de certification/s
e) Ancienne classification (le cas échéant)
f) Le schéma du diagramme
g) Les paramètres de description de sécurité
h) La variation  de la température d’ambiance

Ce manuel s'applique aux produits fabriqués et à la date
marquée pendant ou après l'année 2003.

Figure B1 : Étiquette normale d'une barrière de série MTL7700
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Übersetzung der Konformitätserklärung
Wir erklären verantwortlich, dass die in Tabelle A (siehe ausklappbarer Einbanddeckel) angeführten Produkte
der Serie MTL7700, auf die sich die Erklärung bezieht, den Anforderungen der nachfolgenden Richtlinien
durch Übereinstimmung mit den Normen entsprechen:

Tabelle A (siehe ausklappbarer vorderer Einbanddeckel)

Hinweise zur CE-Kennzeichnung:

√ = Produkt entspricht der angegebenen Richtlinie  
• = Produkt muss der angegebenen Richtlinie nicht entsprechen

1. Richtlinie des Rates 89/336/EWG (EMV-Richtlinie) zur elektromagnetischen Verträglichkeit,
EN 61326 (Anhang A, Industriestandorte)
(Geräte mit einem Datumscode vor 0127 entsprechen den ursprünglichen Normen EN 50081 Teil 2 und EN 50082
Teil 2, statt EN 61326)

2. Richtlinie des Rates 73/23/EWG (Niederspannungsrichtlinie), ergänzt durch 93/68/EWG zur Produktsicherheit.
EN 61010-1

3. Richtlinie des Rates 94/9/EG (ATEX-Richtlinie) zu Geräten und Schutzsystemen, die in explosionsgefährdeten
Bereichen eingesetzt werden. EN 50014, EN 50020

Benannte, für ATEX-Zertifikate der Gerätekategorien 1 oder 2 zuständige Stelle:

Baseefa (2001) Ltd Nummer der benannten Stelle: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Hinweise (Nummern beziehen sich auf die Nummern in C und D)
1 Polarität

ac steht für eine ungepolte Barrierekonfiguartion in
Sternschaltung.

2 Schaltungskonfigurationen
a 1-kanalige Barriere.
a1 Erster Kanal einer 2-/3-kanaligen Barriere.
a2 Zweiter Kanal einer 2-/3-kanaligen Barriere.
a3 Dritter Kanal einer 2-/3-kanaligen Barriere.
b Beide gegen Erde parallel geschaltete Kanäle einer 

2-kanaligen Barriere.
b1 Zwei gegen Erde parallel geschalteten Kanäle einer 

3-kanaligen Barriere.
b2 Drei gegen Erde parallel geschalteten Kanäle einer 

3-kanaligen Barriere.

b3 Beide Kanäle jedes Schaltereingangs verbunden.
c Beide Kanäle einer 2-kanaligen Barriere, gekoppelt ohne

Erdrückleitung oder, bei Kopplung eines Kanalpaars einer
4-kanaligen Barriere, ohne Erdrückleitung.

c1 Zwei Kanäle einer 3-kanaligen Barriere gekoppelt, ohne
Erdrückleitung.

c2 Drei Kanäle einer 3-kanaligen Barriere gekoppelt, ohne
Erdrückleitung. Dies setzt voraus, dass zwei der Kanäle
parallel geschaltet sind.

3 Weist die externe Schaltung keine größere konzentrierte
Induktivität als 10 mH auf, kann die Kabelinduktivität auf die in
Klammern angegebenen Werte erhöht werden.

4 Angepasste Leistung.
5 Nicht zulässig.

Hinweise zu Tabellen auf dem ausklappbaren hinteren Einbanddeckel

Tabelle B - Sicherheitsbeschreibungen
* Ta = 65 °C 
† Klemmen 3 und 7 verbunden

Tabelle C - Maximale Kabelparameter - Gasgruppe IIC

Tabelle D - Maximale Kabelparameter - Gasgruppe IIB
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ATEX-Sicherheitshinweise für 
Sicherheitsbarrieren mit Shunt-Diode

der Serie MTL7700

Die folgenden Informationen entsprechen den grundlegenden Sicherheits- und Gesundheitsanforderungen (Anhang II)
der EU-Richtlinie 94/9/EG [der ATEX-Richtlinie - Gerätesicherheit] und lassen sich an den Standorten anwenden, an
denen die ATEX-Richtlinie gilt.

Allgemeines
a) Wie bei allen anderen elektrischen Geräten, die in gefährlichen Bereichen errichtet werden, darf dieses Gerät nur von

kompetentem Personal errichtet, betrieben und gewartet werden. Dieses Personal muss an einer Schulung
teilgenommen haben, die u.a. Anweisungen zu den verschiedenen Schutzarten und Errichtungsverfahren, die
einschlägigen Richtlinien und Vorschriften, sowie zu den allgemeinen Grundsätzen der Zoneneinteilung umfasste.
Regelmäßig werden entsprechende Auffrischungskurse abgehalten. [Siehe Klausel 4.2 von EN 60079-17].

b) Dieses Gerät erfüllt die Anforderungen zugehöriger elektrischer Geräte im Sinne von EN 50020 und EN 50014.
c) Dieses Gerät erfüllt zudem die Schutzanforderungen 'n' im Sinne von EN 50021.
d) Dieses Gerät bietet Schutz gegen alle weiteren, in Anhang II (z.B. in Klausel 1.2.7.) der Richtlinie angeführten

einschlägigen Gefährdungen.

Installation
a) Die Installation hat den jeweiligen europäischen, nationalen und regionalen Vorschriften zu entsprechen, was auch den

Verweis auf die IEC IEC 60079-14 beinhalten kann. Darüber hinaus können bestimmte Industriezweige oder
Endverbraucher besondere Anforderungen an die Sicherheit ihrer Installationen stellen, die ebenfalls zu erfüllen
wären. Für die Mehrheit der Installationen gilt weiterhin auch die Richtlinie 1999/92/EG [die ATEX-Richtlinie - Sicherheit
von Installationen].

b) Dieses Gerät ist ein zugehöriges elektrisches Betriebsmittel und wird normalerweise in einem ungefährlichen
[sicheren] Bereich montiert. Es erfüllt zudem die Anforderungen an Betriebsmittel der Kategorie 3 und kann in einem
als Zone 2 ausgewiesenen Bereich installiert werden, soweit die relevanten Installationsbedingungen erfüllt sind. Bei
einer Montage in Zone 1 muss das Gerät ein Gehäuse aufweisen, das einen zusätzlichen, der Bereichsklassifikation
entsprechenden Schutzgrad bietet.

c) Dieses Gerät darf nicht mechanischen oder thermischen Belastungen ausgesetzt werden, die über die in den
Zertifikatsunterlagen, den Sicherheitshinweisen und der Produktspezifikation als zulässig angegebenen hinausgehen.
Gegebenenfalls ist das Produkt durch ein Gehäuse zu schützen, um mechanische Beschädigungen zu verhindern.

d) Das Gerät darf nicht an Stellen installiert werden, wo es durch aggressive Substanzen angegriffen wird und es ist durch
ein Gehäuse gegen zu viel Staub, Feuchtigkeit und andere Verunreinigungen zu schützen.

Inspektion und Wartung
a) Inspektion und Wartung sollten nach europäischen, nationalen und regionalen Rechtsvorschriften durchgeführt

werden, die auf die Norm IEC 60079-17 verweisen können. Darüber hinaus können bestimmte Industriezweige oder
Endverbraucher besondere Anforderungen stellen, die ebenfalls zu erfüllen wären.

b) Während des Betriebs darf kein Zugriff auf interne Schaltkreise erfolgen.
c) Soweit das Außengehäuse des Gerätes zu reinigen ist, sollte dies mit einem Tuch und einem mit Wasser verdünnten

Reinigungsmittel erfolgen.

Reparatur 
a) Diese Barrieren dürfen nicht repariert werden. Barrieren sind gegen entsprechende, bescheinigte Produkte

auszutauschen. 

Kennzeichnung
Barrieren der Serie MTL7700 sind mit einer Zertifikatnummer wie in Tabelle A (Konformitätserklärung) ausgewiesen.
Jedes Gerät verfügt weiterhin über eine CE-Kennzeichnung mit der Nummer 1180 der benannten Stelle und weist
folgende Informationen aus:

a) Firmenlogo
b) Name und Anschrift des Unternehmens
c) Produktnummer und -bezeichnung
d) Zertifikatnummer(n)
e) Ex-Klassifizierung (soweit zutreffend)
f) Blockschaltbild
g) Parameter der Sicherheitsbeschreibung
h) Umgebungstemperaturbereich

Dieses Handbuch gilt für Produkte, die im 
oder nach dem Jahr 2003 gefertigt und datiert wurden.

Abbildung B1: Beispiel für ein Typenschild für Barrieren der Serie MTL7700
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Traduzione della Dichiarazione di Conformità
Dichiariamo sotto la nostra completa responsabilità che i prodotti della serie MTL7700 elencati in Tabella A
(ved. pieghevole della copertina), cui questa dichiarazione si riferisce, è conforme ai requisiti delle direttive
sotto riportate in quanto adempie alle norme elencate:

Tabella A (ved. pieghevole della copertina)

Note relative alla marcatura CE:

√ = Il prodotto è conforme alla direttiva indicata  
• = Non è richiesto che il prodotto sia conforme alla direttiva indicata

1. Direttiva del Consiglio 89/336/CEE (Direttiva Macchine) relativa alla compatibilità elettromagnetica
EN 61326 (Allegato A sedi industriali)
(Le unità con date codificate precedenti a 0127 sono conformi alle norme generiche EN 50081 Parte 2 ed EN
50082 Parte 2 invece che EN 61326)

2. Direttiva del Consiglio 73/23/CEE (Direttiva per bassa tensione), emendata dalla nr. 93/68/CEE, relativa alla
sicurezza dei prodotti. EN 61010-1

3. Direttiva del consiglio 94/9/CE (Direttiva ATEX) relativa ad apparecchiature e sistemi di protezione destinati all'uso
in atmosfere potenzialmente esplosive. EN 50014, EN 50020

Ente notificato responsabile per i certificati Cat 1 o 2 ATEX:

Baseefa (2001) Ltd Numero ente notificato: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, Inglaterra, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Note (numeri relativi ai dati di C e D)
1 Polarità

ac indica una configurazione non polarizzata, collegata a stella
e a barriera.

2 Configurazioni dei circuiti
a Barriera canale singolo.
a1 Primo canale di una barriera a canale doppio/triplo.
a2 Secondo canale di una barriera a canale doppio/triplo.
a3 Terzo canale di una barriera a canale doppio/triplo.
b Entrambi i canali di una barriera a canale doppio sono

collegati in parallelo rispetto alla terra.
b1 Due canali di una barriera a tre canali sono collegati in

parallelo rispetto alla terra.
b2 Tre canali di una barriera a tre canali sono collegati in

parallelo rispetto alla terra.

b3 I due canali di ciascun ingresso di commutazione cono
collegati insieme.

c I due canali di una barriera a doppio canale sono
interconnessi senza ritorno a terra oppure una delle due
coppie di canali di una barriera a 4 canali è interconnessa
senza ritorno a terra.

c1 Due canali di una barriera a tre canali sono interconnessi,
senza ritorno a terra.

c2 Tre canali di una barriera a tre canali sono interconnessi,
senza ritorno a terra. Ciò ipotizza che due canali siano in
parallelo.

3 Quando il circuito esterno non contiene alcuna induttanza
sommata maggiore di 10mH, l'induttanza del cavo può essere
aumentata ai valori riportati all'interno delle parentesi.

4 Potenza corrispondente.
5 Non permessa.

Note relative alle tabelle del pieghevole dell'ultima di copertina

Tabella B - Informazioni per la sicurezza
* Ta = 65 °C 
† Terminali 3 e 7 collegati insieme

Tabella C - Parametri massimi dei cavi - Gruppo gas IIC

Tabella D - Parametri massimi dei cavi - Gruppo gas IIB
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Istruzioni di sicurezza ATEX per 
Serie MTL7700

Barriere di sicurezza a diodi di derivazione

Le seguenti informazioni sono in conformità con i Requisiti essenziali per la salute e la sicurezza (Allegato II) della
direttiva dell'UE 94/9/CE [la direttiva ATEX - sicurezza delle apparecchiature] e vengono fornite per quelle zone in cui
tale direttiva ATEX è applicabile.

Generalità
a) Come tutte le altre apparecchiature elettriche installate in zone a rischio, questa apparecchiatura può essere installata,

messa in funzione e manutenzionata solo da personale competente. Tale personale deve aver ricevuto formazione
professionale, comprese istruzioni sui vari tipi di protezioni e installazioni, sulle norme e regole pertinenti e sui principi
generali della classificazione dell'area. Sarà poi necessario aggiornare regolarmente l'addestramento. [Ved. clausola
4.2 delle EN 60079-17].

b) Questa apparecchiatura è conforme ai requisiti delle apparecchiature elettriche associate conformemente alle norme
EN 50020 ed EN50014.

c) Questa apparecchiatura inoltre è conforme ai requisiti di protezione 'n' in conformità con le norme EN 50021.
d) Questa apparecchiatura fornisce protezione contro tutti i rischi addizionali relativi cui si fa riferimento nell'allegato II

della direttiva, quali quelli della clausola 1.2.7.

Installazione
a) L'installazione deve essere conforme con le norme applicabili europee, nazionali e locali che possano contenere un

riferimento al codice di condotta IEC nr. 60079-14. Oltre a ciò, determinate aziende o utenti finali possono avere
requisiti specifici relativamente alla sicurezza delle loro installazioni e tali requisiti devono anch'essi essere adempiuti.
Per la maggior parte delle installazioni è inoltre applicabile anche la direttiva 1999/92/EC [la direttiva ATEX ATEX -
sicurezza delle installazioni].

b) Questa apparecchiatura è un'apparecchiatura elettrica associata ed è normalmente montata in zone non pericolose
[sicure]. Essa inoltre adempie ai requisiti delle apparecchiature di categoria 3 e può essere installata in una sede di
Zona 2, sempre che siano adempiute le condizioni di installazione pertinenti. Se viene installata in una sede di Zona
1 l'apparecchiatura deve essere dotata di un contenitore che offra un grado di protezione addizionale adatto alla
classificazione dell'area.

c) Questa apparecchiatura non deve essere soggetta a sollecitazioni meccaniche e termiche in aggiunta a quelle
permesse nella documentazione di certificazione, alle presenti informazioni di sicurezza e alle specifiche del prodotto.
Se necessario, il prodotto deve essere protetto da un contenitore che eviti i danni meccanici.

d) L'apparecchio non deve essere installato in una posizione in cui possa essere attaccato da sostanze aggressive e
deve essere protetto tramite un contenitore da eccesso di polvere, umidità e altri contaminanti.

Ispezione e manutenzione
a) Eseguire l'ispezione e la manutenzione in conformità con le norme europee, nazionali e locali che possano fare

riferimento alla norma IEC nr. 60079-17. Oltre a ciò, determinate aziende o utenti finali possono avere requisiti specifici
e tali requisiti devono anch'essi essere adempiuti.

b) Non è consentito l'accesso ai circuiti interni durante il funzionamento.
c) Se è necessario pulire il contenitore esterno dell'apparecchiatura, impiegare a tale scopo un panno leggermente

inumidito con una miscela di detergente diluito in acqua.

Riparazione 
a) Non riparare queste barriere. Sostituire una barriera con un prodotto certificato equivalente. 

Marcatura  
Le barriere della serie MTL7700 riportano un numero di certificato come dettagliato in Tabella A (Dichiarazione di
conformità). Ogni dispositivo è inoltre marcato CE con il numero di identificazione dell'ente notificato 1180 e riporta i
seguenti dati:

a) Logo aziendale
b) Nome e indirizzo dell'azienda
c) Numero e nome del prodotto
d) Numero(i) dei certificati
e) Classificazione EX (se applicabile)
f) Schema elettrico
g) Parametri di descrizione della sicurezza
h) Gamma della temperatura ambiente

Questo manuale si applica a prodotti costruiti e marcati
a data durante o dopo l'anno 2003.

Figura B1: Tipica etichetta per barriere della serie MTL7700
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Traducción de la Declaración de conformidad
Declaramos bajo nuestra exclusiva responsabilidad que los productos de la serie MTL770 enumerados en la
tabla A (véase la portada), a los que hace referencia esta declaración, son conformes con los requisitos de
las directivas siguientes mediante el cumplimiento de las normas enumeradas:

Tabla A (véase la portada)

Notas relativas a la marca CE:

√ = Producto conforme con la directiva indicada  
• = No se exige que el producto sea conforme con la directiva indicada

1. Directiva del Consejo 89/336/CEE (Directiva EMC) relativa a la compatibilidad electromagnética, EN 61326
(Anexo A de instalaciones industriales) (Las unidades con códigos de fecha anteriores a 0127 cumplen las
normas genéricas EN 50081 Parte 2 y EN 50082 Parte 2 en vez de EN 61326)

2. Directiva del consejo 73/23/CEE (Directiva de baja tensión), modificada por 93/68/CEE, relativa a seguridad del
producto. EN 61010-1

3. Directiva del Consejo 94/9/EC (Directiva ATEX) relativa a los equipos y sistemas de protección que se utilizan en
atmósferas potencialmente explosivas. EN 50014, EN 50020

Organismo notificado responsable de los certificados ATEX de Cat. 1 o 2:

Baseefa (2001) Ltd Número de organismo notificado: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, Inglaterra, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Notas (números relativos a los números de C y D)
1 Polaridad

ac indica una configuración de barrera no polarizada
conectada en estrella.

2 Configuraciones del circuito
a Barrera de un solo canal.
a1 Primer canal de una barrera de canal doble/triple.
a2 Segundo canal de una barrera de canal doble/triple.
a3 Tercer canal de una barrera de canal doble/triple.
b Ambos canales de una barrera de canal doble conectados

en paralelo con respecto a tierra.
b1 Dos canales de una barrera de canal triple conectados en

paralelo con respecto a tierra.
b2 Tres canales de una barrera de canal triple conectados en

paralelo con respecto a tierra.
b3 Ambos canales de cada entrada de conmutador

conectados juntos.

c Ambos canales de una barrera de canal doble
interconectados sin retorno de tierra o, un par de canales
de una barrera de 4 canales interconectados sin retorno
de tierra.

c1 Dos canales de una barrera de canal triple
interconectados, sin retorno de tierra.

c2 Tres canales de una barrera de canal triple
interconectados, sin retorno de tierra. Esto supone que
dos de los canales están en paralelo.

3 Cuando el circuito externo contiene una inductancia no
localizada superior a 10 mH, la inductancia del cable puede
aumentarse hasta los valores entre paréntesis.

4 Potencia adaptada.
5 No permitido.

Notas relativas a las tablas del desplegable de la contracubierta

Tabla B - Descripciones de seguridad
* Ta = 65°C 
† Terminales 3 y 7 conectados juntos

Tabla C - Parámetros máximos de cable - grupo de gas IIC

Tabla D - Parámetros máximos de cable - grupo de gas IIB
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Instrucciones de seguridad ATEX para 
la serie MTL7700

Barreras de seguridad de diodos en paralelo

La información siguiente es conforme con los Requisitos de salud y seguridad esenciales (anexo II) de la Directiva UE
94/9/CE [la directiva ATEX de seguridad de aparatos] y se proporciona para los emplazamientos en los que la Directiva
ATEX es de aplicación.

General
a) Al igual que los demás aparatos eléctricos instalados en zonas peligrosas, este aparato sólo podrá ser instalado,

manejado y mantenido por personal competente. Este personal habrá cursado formación que incluya instrucciones
sobre los diversos tipos de prácticas de protección e instalación, las normas y reglamentos correspondientes y
sobre los principios generales de la clasificación de zonas. De forma periódica se impartirán los correspondientes
cursos de formación de actualización de conocimientos. [Véase la cláusula 4.2 de EN 60079-17].

b) Este aparato cumple los requisitos de los aparatos eléctricos asociados de acuerdo con EN 50020 y EN50014.
c) Este aparato cumple asimismo los requisitos de protección 'n' de acuerdo con EN 50021.
d) Este aparato proporciona protección contra todos los peligros adicionales correspondientes a los que hace

referencia el anexo II de la directiva, así como los citados en la cláusula 1.2.7.

Instalación
a) La instalación ha de cumplir con los reglamentos europeos, nacionales y locales correspondientes, que pueden

incluir referencias al código IEC de prácticas IEC 60079-14. Adicionalmente, sectores o usuarios finales concretos
pueden tener requisitos específicos relativos a la seguridad de sus instalaciones y estos requisitos también deberán
cumplirse. Para la mayoría de instalaciones se aplica asimismo la Directiva 1999/92/EC [la Directiva ATEX de
seguridad de instalaciones].

b) Este aparato es un aparato eléctrico asociado y normalmente está instalado en una zona [segura] no peligrosa.
Cumple asimismo los requisitos de los aparatos de la categoría 3 y puede instalarse en un emplazamiento de zona
2 siempre que se cumplan las condiciones de instalación correspondientes. Cuando se instala en un emplazamiento
de zona 1 el aparato debe incorporar un cerramiento, que ofrezca un grado adicional de protección adecuado para
la clasificación de zona.

c) Este aparato no puede someterse a tensiones mecánicas ni térmicas que superen las permitidas en la
documentación de la certificación, en esta información de seguridad y en la especificación del producto. Si es
necesario el producto ha de protegerse mediante un cerramiento para evitar daños mecánicos.

d) Este aparato no puede instalarse en una posición en la que pueda ser atacado por sustancias agresivas y ha de
protegerse frente a suciedad excesiva, humedad u otros contaminantes mediante una caja de protección.

Inspección y mantenimiento
a) La inspección y mantenimiento deben realizarse de acuerdo con los reglamentos europeos, nacionales y locales

que puedan hacer referencia a la norma IEC 60079-17. Adicionalmente, sectores o usuarios finales concretos
pueden tener requisitos específicos que deben asimismo cumplirse.

b) No podrá realizarse el acceso a los circuitos internos durante el funcionamiento.
c) Si la caja de protección externa del aparato necesita limpieza, ésta deberá realizarse con un paño ligeramente

humedecido en una mezcla diluida de detergente en agua.

Reparación 
a) Estas barreras no pueden repararse. Una barrera ha de reemplazarse por un producto de certificación equivalente. 

Marcado 
Las barreras de la serie MTL7700 llevan un número de certificado como se detalla en la tabla A (Declaración de
conformidad). Cada dispositivo lleva asimismo la marca CE con el número de identificación de organismo notificado de
1180 y muestra asimismo la información siguiente:

a) Logotipo de la empresa
b) Nombre y dirección de la empresa
c) Número y nombre del producto
d) Número o números de certificado
e) Clasificación Ex (cuando corresponda)
f) Diagrama esquemático
g) Parámetros de descripción de seguridad
h) Intervalo de temperatura ambiente

Este manual se aplica a productos fabricados y
fechados durante o a partir del año 2003.

Figura B1: Etiqueta típica de barrera de la serie MTL7700
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Tradução da Declaração de Conformidade
Declaramos, sob a nossa exclusiva responsabilidade, que os produtos da Série MTL7700 enumerados da
Tabela A (ver o desdobrável da capa), aos quais se refere esta declaração, estão em conformidade com os
requisitos das seguintes Directivas, por cumprimento das normas especificadas:

Tabela A (ver desdobrável da capa)

Observações relativas à marcação CE:

√ = Produto em conformidade com a Directiva indicada  
• = Produto sem necessitar conformidade com a Directiva indicada

1. Directiva do Conselho 89/336/EEC (Directiva CEM) relativa à Compatibilidade Electromagnética,
EN 61326 (Anexo A : localizações industriais)
(Unidades com códigos de data anterior a 0127 cumprem com as normas genéricas EN 50081 Parte 2 e a EN
50082 Parte 2 em vez da EN 61326)

2. Directiva do Conselho 73/23/EEC (Directiva sobre a baixa tensão), alterada pela 93/68/EEC, relativa à Segurança
de Produtos. EN 61010-1

3. Directiva do Conselho 94/9/EC (Directiva ATEX) relativa a equipamentos e sistemas de protecção para utilização
em atmosferas potencialmente explosivas. EN 50014, EN 50020

Organismo notificado responsável pelos Certificados Cat 1 ou 2 ATEX:

Baseefa (2001) Ltd Organismo notificado número:
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Observações (números relacionados com os números de C e D)
1 Polaridade

ac indica uma configuração de barreira, não polarizada, ligada
em estrela.

2 Circuit configurations
a Configurações de circuitos.
a1 Primeiro canal duma barreira de canal duplo ou triplo.
a2 Segundo canal duma barreira de canal duplo ou triplo.
a3 Terceiro canal duma barreira de canal duplo ou triplo.
b Ambos canais duma barreira de canal duplo ligados em

paralelo, relativamente à ligação à terra.
b1 Dois canais duma barreira de canal triplo ligados em

paralelo, relativamente à ligação à terra.
b2 Três canais duma barreira de canal triplo ligados em

paralelo, relativamente à ligação à terra.

b3 Ambos canais de cada entrada de comutador ligados
juntamente.

c Ambos canais duma barreira de canal duplo interligados
sem retorno por terra ou cada par de canais duma barreira
de 4 canais interligados, sem retorno por terra.

c1 Dois canais duma barreira de canal triplo interligados, sem
retorno por terra.

c2 Três canais duma barreira de canal triplo interligados, sem
retorno por terra. Assume- se que dois dos canais estão
em paralelo.

3 Quando o circuito externo não apresenta uma indutância
concentrada superior a 0mH, a indutância do cabo pode ser
aumentada até aos valores entre parênteses.

4 Potência adaptada.
5 Não é permitido.

Observações relativas às tabelas do desdobrável da contracapa

Tabela B – Especificações sobre a segurança
* Ta = 65°C 
† Bornes 3 e 7 ligados juntamente

Tabela C – Parâmetros máximos de cabos – Grupo de gases IIC

Table D - Maximum cable parameters - IIB gas group
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Instruções de Segurança ATEX 
para a Série MTL 7700

Barreiras de Segurança de Díodo Shunt

A seguinte informação está de acordo com os Principais Requisitos de Saúde e Segurança (Anexo II) da Directiva da
EU 94/9/EC [a Directiva ATEX – segurança do aparelho] e está disponibilizada para aquelas localizações onde se
aplicar a Directiva ATEX.

Geral
a) Tal como noutros aparelhos eléctricos instalados em áreas de risco, neste aparelho a instalação, o funcionamento

e a manutenção tem de ser da responsabilidade de pessoal especializado. Este deverá ter tido formação que tenha
incluído instrução sobre diferentes meios de protecção e de instalação, sobre as principais regras e regulamentos
e sobre os princípios gerais no especificação da área. Ministrar-se-á regularmente cursos de actualização. [Ver a
cláusula 4.2 da EN 60079-17].

b) Este aparelho satisfaz os requisitos de aparelho eléctrico associado de acordo com a EN 50020 e com a EN50014.
c) Este aparelho também satisfaz os requisitos de protecção ‘n’ de acordo com a EN50021.
d) Este aparelho apresenta protecção contra todos os principais perigos adicionais referidos no Anexo II da Directiva,

tal como os da cláusula 1.2.7.

Instalação
a) A instalação deve estar de acordo com os regulamentos apropriados europeus, nacionais e locais, que podem

incluir referência ao código de prática IEC, IEC 60079-14. Além disso, determinadas indústrias ou utilizadores finais
poderão apresentar algumas exigências específicas relacionadas com a segurança das suas instalações e estas
exigências deveriam também ser satisfeitas. Para a maioria das instalações a Directiva 1999/92/EC [ATEX -
segurança de instalações] também é aplicável.

b) Este aparelho é um aparelho eléctrico associado e é geralmente montado numa área [segura] não perigosa.
Também satisfaz os requisitos de um aparelho de Categoria 3 e pode ser instalado numa localização de Zona 2,
desde que sejam satisfeitas as adequadas condições de instalação. Quando for montado numa localização de Zona
1, o aparelho tem de ser disponibilizado com uma caixa de protecção, o que dará um grau extra de protecção
apropriada pelo tipo de área.

c) Este aparelho não pode ser exposto a tensão mecânica ou térmica além da permitida na documentação de
certificação, nesta informação de segurança e na especificação do produto. Se for necessário, o produto deve ser
protegido por uma caixa de protecção para se evitar danos mecânicos.

d) O aparelho não deve ser instalado numa lugar onde possa entrar em contacto com substâncias agressivas e deve
estar protegido do excesso de pó, humidade e doutros contaminantes, através duma caixa de protecção.

Inspecção e manutenção
a) A inspecção e a manutenção deverão ser levadas a cabo de acordo com os regulamentos europeus, nacionais e

locais, que podem ser relativos à norma IEC, IEC 60079-17. Além disso, determinadas indústrias ou utilizadores
finais poderão apresentar algumas exigências específicas que deveriam também ser satisfeitas.

b) O acesso aos circuitos internos não deverá ser feito durante o seu funcionamento.
c) Se a caixa exterior do aparelho necessitar ser limpa, dever-se-á limpá-la com um pano ligeiramente molhado numa

solução de detergente e água.

Reparação 
a) Estas barreiras não devem ser reparadas. Uma barreira tem de ser substituída por um produto certificado

equivalente. 

Marcação  
As barreiras da Série MTL7700 possuem um número de certificado especificado na Tabela A (Declaração de
Conformidade). Todos os dispositivos exibem também a marca CE com o Número de Identificação de Organismo
Notificado 1180 e apresentam ainda a seguinte informação:

a) Logótipo da Empresa
b) Nome e Direcção da Empresa
c) Nome e Número do Produto
d) Número(s) de Certificado
e) Classificação Ex (se for necessária)
f) Diagrama esquemático
g) Parâmetros de descrição da segurança
h) Amplitude da temperatura ambiente

Este manual aplica-se aos produtos fabricados e
datados durante ou depois do ano de 2003.

Figura B1: Etiqueta da barreira típica da Série MTL7700
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Vertaling van Verklaring van Conformiteit
Wij verklaren, en uitsluitend wij zijn er verantwoordelijk voor, dat de producten uit de serie MTL770 in Tabel A
(zie de uitklappagina van de vooromslag), waarop deze verklaring betrekking heeft, in overeenstemming zijn
met de vereisten van de Richtlijnen hieronder doordat is voldaan aan de genoemde normen:

Tabel A (zie het uitklapblad van de vooromslag)

Opmerkingen die betrekking hebben op CE-certificering:

√ = Product is in overeenstemming met de aangegeven Richtlijn  
• = Product hoeft niet in overeenstemming te zijn met de aangegeven Richtlijn

1. Richtlijn 89/336/EEC (EMC-Richtlijn) van de Raad met betrekking tot elektromagnetische compatibiliteit,
EN 61326 (Bijlage A industriële locaties)
(Eenheden met datumcodes vóór 0127 voldoen aan de algemene normen EN 50081 Deel 2 en EN 50082 Deel 2
in plaats van EN 61326)

2. Richtlijn 73/23/EEC (Laagspanningsrichtlijn) van de Raad, geamendeerd door 93/68/EEC, met betrekking tot
productveiligheid. EN 61010-1

3. Richtlijn 94/9/EC (ATEX-Richtlijn) van de Raad met betrekking tot apparatuur en beveiligingssystemen die zijn
bestemd voor gebruik in explosieve omgevingen. EN 50014, EN 50020

Aangewezen Instantie die verantwoordelijk is voor ATEX-certificaten uit Cat 1 of 2:

Baseefa (2001) Ltd Nummer Aangewezen Instantie: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, Engeland, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Opmerkingen (nummers hebben betrekking op nummers 
in C en D)
1 Polariteit

ac duidt op een niet-gepolariseerde, in ster aangesloten
barrièreconfiguratie.

2 Stroomkringconfiguraties
a Eenkanaalsbarrière.
a1 Eerste kanaal van een twee/driekanaalsbarrière.
a2 Tweede kanaal van een twee/driekanaalsbarrière.
a3 Derde kanaal van een twee/driekanaalsbarrière.
b Beide kanalen van een tweekanaalsbarrière, ten aanzien

van aarde, parallel aangesloten.
b1 Twee kanalen van een driekanaalsbarrière, ten aanzien

van aarde, parallel aangesloten.
b2 Drie kanalen van een driekanaalsbarrière, ten aanzien van

aarde, parallel aangesloten.

b3 Beide kanalen van elke geschakelde invoer samen
aangesloten.

c Beide kanalen van een tweekanaalsbarrière gekoppeld
zonder retouraarde of, elk willekeurig kanalenpaar van een
vierkanaalsbarrière gekoppeld, zonder retouraarde.

c1 Twee kanalen van een driekanaalsbarrière gekoppeld,
zonder retouraarde.

c2 Drie kanalen van een driekanaalsbarrière gekoppeld,
zonder retouraarde. Hierbij wordt uitgegaan van twee
parallel geschakelde kanalen.

3 Wanneer de externe stroomkring geen geconcentreerde
inductie heeft die groter is dan 10mH, kan de kabelinductie
worden verhoogd tot de waarden binnen haakjes.

4 Aangepast vermogen.
5 Niet toegestaan.

Opmerkingen die betrekking hebben op de tabellen op het uitklapblad van de achteromslag

Tabel B - Veiligheidsbeschrijvingen
* Ta = 65°C 
† Aansluitklem 3 en 7 samen aangesloten

Tabel C - Maximale kabelparameters - gasgroep IIC

Tabel D - Maximale kabelparameters - gasgroep IIB
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ATEX-veiligheidsinstructies voor zenerbarrières van
shuntdioden, serie MTL7700

De volgende informatie is in overeenstemming met de Essentiële Gezondheids- en Veiligheidseisen (Bijlage II) van de
EU-Richtlijn 94/9/EC [de ATEX-Richtlijn - veiligheid van apparaten] en geldt voor locaties waar de ATEX-Richtlijn van
toepassing is.

Algemeen
a) Zoals met alle andere elektrische apparaten die in gevaarlijke gebieden zijn geïnstalleerd, mag dit apparaat alleen

worden geïnstalleerd, bediend en onderhouden door deskundig personeel. Dergelijk personeel moet hierin zijn
getraind en op de hoogte zijn van de verschillende beveiligings- en installatiemethoden, de relevante wetten en
voorschriften, en van de algemene principes van classificatie van gevaarlijke gebieden. Regelmatig moeten
opfriscursussen worden gehouden. [Zie clausule 4.2 van EN 60079-17].

b) Dit apparaat voldoet aan de vereisten van verwante elektrische apparaten in overeenstemming met EN 50020 en
EN50014.

c) Dit apparaat voldoet ook aan de beveiligingsvereiste 'n' in overeenstemming met EN 50021.
d) Dit apparaat biedt beveiliging tegen alle relevante overige gevaren waarnaar wordt verwezen in Bijlage II van de

richtlijn, zoals die in clausule 1.2.7.

Installatie
a) De installatie moet voldoen aan de betreffende Europese, nationale en plaatselijke voorschriften. Het kan hierbij ook

gaan om de IEC-norm IEC 60079-14. Daarnaast kunnen bepaalde industrieën of eindgebruikers specifieke eisen
stellen aan de veiligheid van hun installaties, en ook aan deze eisen moet worden voldaan. Op de meeste installaties
is ook de Richtlijn 1999/92/EC [de ATEX-Richtlijn - veiligheid van installaties] van toepassing.

b) Dit apparaat is een verwant elektrisch apparaat en wordt normaliter gemonteerd in een niet-gevaarlijk [veilig] gebied.
Dit apparaat voldoet ook aan de vereisten van apparaten uit Categorie 3 en mag worden geïnstalleerd in een locatie
uit Zone 2 mits is voldaan aan de relevante installatiecondities. Als het apparaat is geïnstalleerd op een locatie uit
Zone 1, dan moet het apparaat zijn uitgerust met een behuizing die een mate van extra beveiliging biedt die
tegemoetkomt aan de classificatie die aan het gebied is toegekend.

c) Dit apparaat mag niet worden blootgesteld aan mechanische en thermische spanningen die hoger zijn dan is
toegestaan in de certificeringsdocumentatie, deze veiligheidsinformatie en de productspecificatie. Het product moet,
indien nodig, worden beveiligd door een behuizing die bescherming biedt tegen mechanische schade.

d) Het apparaat mag niet worden geïnstalleerd in een positie waarbij het wordt blootgesteld aan agressieve stoffen en
moet door middel van een behuizing worden beveiligd tegen bovenmatige hoeveelheden stof, vocht en andere
vervuilende stoffen.

Inspectie en onderhoud
a) Inspectie en onderhoud moet worden uitgevoerd in overeenstemming met de Europese, nationale en plaatselijke

voorschriften die betrekking kunnen hebben op de IEC-norm IEC 60079-17. Ook kunnen specifieke industrieën of
eindgebruikers specifieke eisen stellen waaraan ook moet worden voldaan.

b) Tijdens bedrijf mag geen toegang worden verkregen tot de interne circuits.
c) Als de buitenbehuizing van het apparaat moet worden gereinigd, dan moet dit worden gedaan met een doek die licht

bevochtigd is met een milde oplossing van water en een schoonmaakmiddel.

Reparatie 
a) Deze barrières mogen niet worden gerepareerd. Een barrière moet worden vervangen door een gelijksoortig

gecertificeerd product. 

Certificering
Barrières uit de serie MTL7700 zijn voorzien van een certificeringsnummer zoals beschreven in Tabel A (Verklaring van
Conformiteit). Elk apparaat draagt ook de CE-certificering met identificatienummer 1180 van de Aangewezen Instantie,
en bevat de volgende informatie:

a) Bedrijfslogo
b) Naam en adres bedrijf
c) Productnummer en productnaam
d) Certificeringsnummer(s)
e) Classificatie (indien van toepassing)
f) Schematisch diagram
g) Parameters beschrijving veiligheid
h) Bereik omgevingstemperatuur

Deze handleiding heeft betrekking op producten die
tijdens of na het jaar 2003 zijn gefabriceerd en gedateerd.

Afbeelding B1: Typisch label van barrière uit serie MTL7700
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Oversættelse af overensstemmelseserklæring
Vi erklærer herved, at de produkter i MTL7700-serien, der er anført i tabel A (se listen på flappen til omslagets
forside), som denne erklæring vedrører, er i overensstemmelse med kravene i de direktiver og standarder, der
er nævnt nedenfor:

Tabel A (se flappen til omslagets forside)

Noter vedrørende CE-mærkning:

√ = Produktet er i overensstemmelse med det angivne direktiv  
• = Det er ikke et krav, at produktet skal være i overensstemmelse med det angivne direktiv

1. Rådets direktiv 89/336/EØF (EMC-direktivet) om elektromagnetisk kompatibilitet,
DS/EN 61326 (Bilag A Industrielle miljøer)
(Enheder med datokoder før 0127 opfylder de generiske standarder DS/EN 50081 Del 2 og DS/EN 50082 Del 2 i
stedet for DS/EN 61326)

2. Rådets direktiv 73/23/EØF (lavspændingsdirektivet), som ændret ved 93/68/EØF, vedrørende produktsikkerhed.
DS/EN 61010-1

3. Rådets direktiv 94/9/EF (ATEX-direktivet) om udstyr og sikkerhedssystemer beregnet til brug i eksplosionsfarlige
atmosfærer. DS/EN 50014, DS/EN 50020

Bemyndiget organ med ansvar for udstedelse af ATEX-certifikater for kategori I eller II:

Baseefa (2001) Ltd, Bemyndiget organ nr.: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tlf.: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Noter (tal vedrørende tal i C og D)
1 Polaritet

ac angiver en ikke-polariseret, stjernekoblet
barrierekonfiguration.

2 Kredsløbskonfigurationer
a Barriere med en enkelt kanal.
a1 Første kanal i en barriere med to eller tre kanaler.
a2 Anden kanal i en barriere med to eller tre kanaler.
a3 Tredje kanal i en barriere med to eller tre kanaler.
b Begge kanaler i en barriere med to kanaler forbundet

parallelt, for så vidt angår jord.
b1 To kanaler i en barriere med tre kanaler forbundet parallelt,

for så vidt angår jord.
b2 Tre kanaler i en barriere med tre kanaler forbundet

parallelt, for så vidt angår jord.
b3 Begge kanaler i hver omskifterindgang er forbundet med

hinanden.

c Begge kanaler i en barriere med to kanaler er indbyrdes
forbundet uden jordreturledning, eller hvert kanalpar i en
barriere med fire kanaler er indbyrdes forbundet uden
jordreturledning.

c1 To kanaler i en barriere med tre kanaler er indbyrdes
forbundet uden jordreturledning.

c2 Tre kanaler i en barriere med tre kanaler er indbyrdes
forbundet uden jordreturledning. Det forudsætter, at to af
kanaler er forbundet parallelt.

3 Hvis det eksterne kredsløb ikke har induktans med
koncentrerede elementer på mere end 10mH, kan
kabelinduktansen øges til de værdier, der er angivet i parentes.

4 Tilsvarende effekt.
5 Ikke tilladt.

Noter vedrørende tabellerne på flappen til omslagets bagside

Tabel B - Sikkerhedsbeskrivelser
* Ta = 65°C 
† Terminal 3 og 7 forbundet

Tabel C - Maksimale kabelparametre - gasgruppe IIC

Tabel D - Maksimale kabelparametre - gasgruppe IIB
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ATEX-sikkerhedsinstruktioner for 
MTL7700-serien

Shuntdiodesikkerhedsbarrierer

Følgende oplysninger er i overensstemmelse med Væsentlige sikkerheds- og sundhedsmæssige krav (Bilag II) i EU-
direktiv 94/9/EF (ATEX-direktivet om materiel, der anvendes i eksplosionsfarlige atmosfærer] og fremsættes for de
miljøer, hvor ATEX-direktivet er gældende.

Generelt
a) I lighed med andre elektriske apparater, der installeres i farlige miljøer, må dette apparat kun installeres, betjenes

og vedligeholdes af kompetent personale. Personalet skal have gennemgået den nødvendige vejledning, herunder
instruktion i de forskellige former for sikkerhedsudstyr og installationspraksis, relevante regler og bestemmelser og
de generelle principper for områdeklassifikation. Der skal jævnligt afholdes passende genopfriskningskurser. [Se
pkt. 4.2 of DS/EN 60079-17].

b) Dette apparat opfylder kravene til tilhørende apparater i overensstemmelse med DS/EN 50020 og DS/EN50014.
c) Dette apparat opfylder også kravene til beskyttelsestype "n" i overensstemmelse med DS/EN 50021.
d) Dette apparat beskytter mod alle de relevante ekstra risikofaktorer, der er omtalt i direktivets Bilag II, bl.a. i pkt. 1.2.7.

Installation
a) Installationen skal være i overensstemmelse med alle relevante europæiske, nationale og lokale bestemmelser, evt.

med henvisning til IEC-praksis IEC 60079-14. I tilfælde af, at bestemte brancher eller slutbrugere stiller specifikke
krav til installationssikkerheden, skal disse krav også opfyldes. De fleste installationer vil desuden være omfattet af
direktivet 1999/92/EF [ATEX-direktivet - installationssikkerhed].

b) Dette apparat er et tilhørende elektrisk apparat, der normalt monteres i et ufarligt [sikkert] miljø. Det opfylder
desuden kravene til apparater i Kategori III og kan installeres i et Zone 2-område forudsat, at de relevante
installationskrav er opfyldt. Når apparatet monteres i et Zone 1-område, skal det forsynes med en afskærmning, der
yder ekstra beskyttelse i et omfang, der passer til områdets klassifikation.

c) Apparatet må ikke udsættes for mekaniske eller termiske påvirkninger ud over de tilladte niveauer i
certificeringsdokumentation, disse sikkerhedsinformationer og produktspecifikationen. Om nødvendigt skal
produktet beskyttes med en afskærmning for at undgå mekanisk beskadigelse.

d) Apparatet må ikke installeres på en plads, hvor det kan angribes af aggressive substanser, og det skal beskyttes
mod for meget støv, fugt og andre skadelige påvirkninger med en afskærmning.

Inspektion og vedligeholdelse
a) Inspektion og vedligeholdelse skal udføres i overensstemmelse med europæiske, nationale og lokale bestemmelser,

evt. med henvisning til IEC-standarden IEC 60079-17. I tilfælde af, at bestemte brancher eller slutbrugere stiller
specifikke krav, skal disse krav også opfyldes.

b) Det må ikke være muligt at få adgang til eksterne kredsløb, når apparatet er i brug.
c) Hvis apparatets ydre afskærmning skal rengøres, skal det ske med en klud, der er let fugtet med et rengøringsmiddel

opløst i vand.

Reparation
a) Disse barrierer må ikke repareres. En barriere skal udskiftes med et tilsvarende certificeret produkt. 

Mĺrkning
Barrierne i MTL7700-serien er udstyret med et certifikatnummer, som specificeret i tabel A
(Overensstemmelseserklæring). Hver enhed er desuden CE-mærket med 1180 som identifikationsnummeret på det
bemyndigede organ og følgende oplysninger:

a) Firmalogo
b) Firmanavn og -adresse
c) Produktnummer og -navn
d) Certifikatnummer eller -numre
e) Uden for klassifikation (hvor det er relevant)
f) Skematisk diagram
g) Sikkerhedsbeskrivelsesparametre
h) Omgivende temperaturinterval

Denne vejledning gælder for produkter, der er fremstillet
og datomærket i og efter år 2003.

Figur B1: Typisk mærkat til barrierer i MTL7700-serien
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Översättning av försäkran om överensstämmelse
Vi försäkrar under eget ansvar att produkterna i serie MTL7700 som förtecknas i tabell A (se fliken på
omslagets framsida) och som omfattas av denna försäkran uppfyller kraven i nedanstående direktiv genom
att de överensstämmer med förtecknade normer:

Tabell A (se fliken på omslagets framsida)
Anmärkningar gällande CE-märkning:
√ = Produkt som uppfyller kraven i det angivna direktivet
• = Produkt som inte behöver uppfylla kraven i det angivna direktivet

1. Rådets direktiv 89/336/EEG (EMC-direktivet) om elektromagnetisk kompatibilitet, EN 61326 (Bilaga A
industrianläggningar) (Enheter med tidigare koder för datum än 0127 uppfyller de allmänna (generiska) normerna
EN 50081 del 2 och EN 50082 del 2 istället för EN 61326)

2. Rådets direktiv 73/23/EEG (lågspänningsdirektivet), ändrat genom direktiv 93/68/EEG, beträffande
produktsäkerhet. EN 61010-1

3. Rådets direktiv 94/9/EG (ATEX-direktivet) om utrustning och säkerhetssystem som är avsedda för användning i
explosionsfarliga omgivningar. EN 50014, EN 50020

Anmält organ med ansvar för ATEX-intyg för kategori 1 eller 2:

Baseefa (2001) Ltd Anmält organ nummer: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tlf.: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Anmärkningar (numren avser nummer i C och D)
1 Polaritet

ac indikerar en opolariserad, stjärnkopplad, spärrkonfiguration.
2 Kretskonfigurationer

a Enkanalsspärr.
a1 Första kanalen i en två-/trekanalsspärr.
a2 Andra kanalen i en två-/trekanalsspärr.
a3 Tredje kanalen i en två-/trekanalsspärr.
b Båda kanalerna i en tvåkanalsspärr parallellkopplade i

förhållande till jord.
b1 Två av kanalerna i en trekanalsspärr parallellkopplade i

förhållande till jord.
b2 Tre av kanalerna i en trekanalsspärr parallellkopplade i

förhållande till jord.

b3 Båda kanalerna i varje kontaktingång anslutna
tillsammans.

c Båda kanalerna i en tvåkanalsspärr sammankopplade utan
jordretur, eller endera paret kanaler i en fyrkanalsspärr
sammankopplad utan jordåterledning.

c1 Två av kanalerna i en trekanalsspärr sammankopplade
utan jordning.

c2 Tre av kanalerna i en trekanalsspärr sammankopplade
utan jordning. Detta förutsätter att två av kanalerna är
parallella.

3 När den externa kretsen inte innehåller någon punktformigt
fördelad induktans som överstiger 10mH kan kabelns
induktans ökas till värdena inom parentes.

4 Delad effekt. 
5 Ej tillåten.

Anmärkningar till tabellerna i fliken på omslagets baksida

Tabell B - Säkerhetsbeskrivningar
* Ta = 65°C  
† Uttag 3 och 7 anslutna tillsammans

Tabell C - Max. kabelparametrar - gasgrupp IIC 

Tabell D - Max. kabelparametrar - gasgrupp IIB
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ATEX säkerhetsföreskrifter för 
MTL7700-serien

Säkerhetsspärrar för shuntdioder

Följande information överensstämmer med de grundläggande hälso- och säkerhetskraven (bilaga II) i EU-direktiv
94/9/EG [ATEX-direktivet - apparatsäkerhet] och är avsedd för de anläggningar där ATEX-direktivet är tillämpligt.

Allmänt
a) I likhet med alla övriga elektriska apparater som är installerade i farliga områden får denna apparat endast

installeras, användas och underhållas av kompetent personal. Sådan personal skall ha genomgått utbildning som
omfattade undervisning om de olika typerna av skydds- och installationsmetoder, berörda regler och föreskrifter
samt allmänna principerna för områdesklassificering. Lämpliga fortbildningskurser skall ges regelbundet. [Se punkt
4.2 i EN 60079-17].

b) Denna apparat uppfyller kraven på tillhörande elektriska apparater enligt EN 50020 och EN 50014.
c) Denna apparat uppfyller även kraven på utförande “n” enligt EN 50021.
d) Denna apparat ger skydd mot alla andra berörda faror som avses i bilaga II till direktivet, t.ex. farorna i punkt 1.2.7.

Installation
a) Installationen måste uppfylla lämpliga europeiska, nationella och lokala föreskrifter, som kan innehålla hänvisningar

till IEC-standard IEC 60079-14. Dessutom kan vissa industrier eller slutanvändare ha särskilda krav på säkerheten
i sina anläggningar, vilka även dessa krav skall uppfyllas. För de flesta anläggningar gäller även direktiv 1999/92/EG
[ATEX-direktivet - anläggningars säkerhet].

b) Denna apparat är en tillhörande elektrisk apparat som normalt installeras i ett icke farligt [säkert] område. Den
uppfyller också kraven på apparater i kategori 3 och kan installeras i en anläggning i zon 2 förutsatt att de berörda
anläggningsvillkoren är uppfyllda. När apparaten installeras i en anläggning i zon 1 måste den förses med en
skyddskåpa som ger ytterligare lämpligt skydd enligt områdets klassificering.

c) Denna apparat får inte utsättas för större mekaniska påfrestningar och värmepåfrestningar än dem som är tillåtna i
certifieringshandlingarna, denna säkerhetsinformation och produktspecifikationen. Om så är nödvändigt måste
produkten vara försedd med en skyddskåpa som hindrar mekaniska skador.

d) Apparaten får inte installeras på platser där den kan utsättas för angrepp från aggressiva substanser och den måste
vara försedd med en skyddskåpa som skyddar mot ett överskott av damm, fukt och andra föroreningar.

Inspektion och underhåll
a) Inspektion och underhåll skall utföras i enlighet med europeiska, nationella och lokala föreskrifter som kan referera

till IEC-standard IEC 60079-17. Dessutom kan vissa industrier eller slutanvändare ha särskilda krav som också skall
uppfyllas.

b) Ingrepp i den interna ledningsdragningen får inte göras under drift.
c) Om apparatens yttre skyddskåpa behöver rengöras skall detta göras med en duk som är lätt fuktad med en utspädd

blandning av rengöringsmedel och vatten.

Reparation 
a) Dessa spärrar får inte repareras. En spärr måste ersättas med en motsvarande certifierad produkt. 

Märkning 
Spärrar i MTL7700-serien är försedda med ett intygsnummer enligt tabell A (Försäkran om överensstämmelse). Varje
enhet är också CE-märkt med det anmälda organets identifikationsnummer 1180 och bär följande information:

a) Företagslogotyp
b) Företagets namn och adress
c) Produktens nummer och beteckning
d) Intygsnummer
e) Ex-klassificering (i förekommande fall)
f) Kopplingsdiagram
g) Säkerhetsbeskrivningsparametrar
h) Omgivande temperaturområde

Denna manual gäller för produkter som tillverkats och
datummärkts under eller efter år 2003.

Figur B1: Typisk märkning för spärr i MTL7700-serien
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Käännös vaatimustenmukaisuusvakuutuksesta
Vakuutamme, että taulukossa A luetellut MTL7700-sarjan tuotteet (katso etukannen taitelehti), joita tämä
vaatimustenmukaisuusvakuutus koskee, täyttävät ohessa mainittujen direktiivien vaatimukset ja ovat
yhteensopivia tässä lueteltujen standardien kanssa:

Taulukko A (katso etukannen taitelehti)

CE-merkintää koskevat huomautukset:

√ = Tuote täyttää kyseisen direktiivin vaatimukset  
• = Tuotteen ei tarvitse täyttää kyseisen direktiivin vaatimuksia

1. Sähkömagneettista yhteensopivuutta koskeva direktiivi 89/336/ETY (EMC-direktiivi),
EN 61326 (liite A, teollisuusympäristöt)
(Yksiköt, joiden päiväyskoodit on annettu ennen päiväystä 0127, ovat EN 61326-standardin sijasta yhteensopivia
standardien EN 50081 osan 2 ja EN 50082 osan 2 kanssa.)

2. Direktiivi 73/23/ETY (pienjännitedirektiivi), jota on täsmennetty tuoteturvallisuutta koskevalla direktiivillä 93/68/ETY.
EN 61010-1

3. Räjähdysvaarallisissa tiloissa käytettäviksi tarkoitettuja laitteita ja suojajärjestelmiä koskeva direktiivi 94/9/EC
(ATEX-direktiivi). EN 50014, EN 50020

Ilmoitettu laitos, joka vastaa Cat 1- tai 2 ATEX -sertifikaateista:

Baseefa (2001) Ltd Ilmoitetun laitoksen numero: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ

Puh. +44 (0)1582 723 633   Faksi +44 (0)1582 422 283
www.mtl-inst.com29.04.2003

Huomautukset (C- ja D-taulukon numeroihin liittyvät numerot)
1 Napaisuus

ac ilmaisee polaroimattoman ja tähtikytketyn suojarajoittimen
määrityksen.

2 Virtapiirin määritykset
a Yksikanavainen suojarajoitin
a1 Kaksi-/kolmikanavaisen suojarajoittimen ensimmäinen

kanava
a2 Kaksi-/kolmikanavaisen suojarajoittimen toinen kanava
a3 Kaksi-/kolmikanavaisen suojarajoittimen kolmas kanava
b Kaksikanavaisen rinnankytketyn suojarajoittimen

molemmat kanavat suhteessa maahan
b1 Kolmikanavaisen rinnankytketyn suojarajoittimen kaksi

kanavaa suhteessa maahan
b2 Kolmikanavaisen rinnankytketyn suojarajoittimen kolme

kanavaa suhteessa maahan

b3 Jokaisen yhteen kytketyn syöttöliittimen molemmat
kanavat.

c Kaksikanavaisen, yhdistetyn suojarajoittimen molemmat
kanavat ilman maata paluujohtimena tai nelikanavaisen,
yhdistetyn suojarajoittimen kanavapari ilman maata
paluujohtimena.

c1 Kolmikanavaisen yhdistetyn suojarajoittimen kaksi
kanavaa ilman maata paluujohtimena.

c2 Kolmikanavaisen yhdistetyn suojarajoittimen kolme kanavaa
ilman maata paluujohtimena. Tällöin oletuksena on, että
kaksi kanavaa on kytketty rinnan.

3 Kun ulkopiirin keskitetty induktanssi on alle 10 mH, kaapelin
induktanssi saattaa nousta suluissa merkittyihin arvoihin.

4 Sovitettu teho.
5 Ei sallittu.

Takakannen taitelehteen liittyvät taulukot

Taulukko B – turvallisuuskuvaukset
* Ta (ympäristön enimmäislämpötila) = 65 ° C 
† Liittimet 3 ja 7 kytketty yhteen

Taulukko C – kaapelin enimmäisparametrit – IIC-kaasuryhmä

Taulukko D – kaapelin enimmäisparametrit – IIB-kaasuryhmä
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ATEX-turvallisuusohjeet 
MTL7700-sarjalle

Rinnakkaisdiodien suojarajoittimet

Seuraavat tiedot ovat yhdenmukaisia EU-direktiivin 94/9/EY olennaisten terveys- ja turvallisuusvaatimusten (liite II)
kanssa [ATEX-direktiivi – tuoteturvallisuus], ja ne ovat käytössä niissä ympäristöissä, joita ATEX-direktiivi koskee.

Yleistä
a) Kaikkien vaarallisiin ympäristöihin asennettavien sähkölaitteiden asennuksen mukaisesti tämän laitteen saa asentaa ja

sitä saa käyttää ja huoltaa vain asiantunteva henkilöstö. Kyseisen henkilöstön on oltava asianmukaisesti koulutettua ja
tunnettava erilaiset suojaus- ja asennuskäytännöt, olennaiset säännöt ja säädökset ja yleiset luokitusperiaatteet.
Henkilöstölle on tarjottava säännöllisesti lisäkoulutusta. [Katso EN 60079-17-standardin kohta 4.2.]

b) Tämä laite täyttää vastaavien, standardien EN 50020 ja EN50014 mukaisten, sähkölaitteiden vaatimukset.
c) Tämä laite täyttää myös suojausrakenne 'n' -vaatimukset standardin EN50021 mukaan.
d) Tämä laite suojaa kaikilta oleellisilta lisävaaroilta, jotka on mainittu direktiivin liitteessä II, kuten lauseessa 1.2.7.

Asennus
a) Asennuksen on oltava yhdenmukainen asianomaisten eurooppalaisten, kansallisten tai paikallisten säännösten

kanssa, ja säännökset saattavat sisältää viittauksen IEC 60079-14-standardin IEC-koodiin. Lisäksi tietyillä
teollisuudenaloilla tai loppukäyttäjillä saattaa olla asennusturvallisuutta koskevia erityisvaatimuksia, jotka on
täytettävä. Suurimpaan osaan asennuksia sovelletaan direktiiviä 1999/92/EY [ATEX-direktiivi – asennusturvallisuus].

b) Tämä laite on liitännäislaite, joka asennetaan tavallisesti [turvalliseen] tilaan, joka ei ole vaarallinen. Se täyttää myös
laiteluokan 3 vaatimukset, ja se voidaan asentaa tilaluokan 2 tilaan, jos oleelliset asennusehdot täyttyvät. Jos laite
asennetaan tilaluokan 1 tilaan, laitteessa on oltava suojus, joka antaa tilaluokituksen mukaista lisäsuojaa.

c) Tätä laitetta ei saa altistaa mekaaniselle kuormitukselle tai lämpökuormitukselle, joka ylittää sertifikaatissa, näissä
turvallisuusohjeissa ja teknisissä tiedoissa mainitut kuormitusarvot. Laite on tarvittaessa suojattava suojuksella
mekaanisen vahingon ehkäisemiseksi.

d) Laitetta ei saa asentaa paikkaan, jossa se saattaa altistua syövyttäville aineille, ja se on suojattava liialliselta pölyltä,
kosteudelta ja muilta epäpuhtauksilta suojuksella.

Tarkistus ja huolto
a) Tarkistus ja huolto on tehtävä eurooppalaisten, kansallisten ja paikallisten säännösten mukaisesti. Säännöksissä

saatetaan viitata IEC-standardiin IEC 60079-17. Lisäksi tietyillä teollisuudenaloilla tai loppukäyttäjillä saattaa olla
asennusturvallisuutta koskevia erityisvaatimuksia, jotka on täytettävä.

b) Laitteen sisäiseen virtapiiriin ei saa koskea käytön aikana.
c) Jos laitteen ulkosuojus vaatii puhdistusta, suojus on puhdistettava pesuaineliuokseen kevyesti kostutetulla liinalla.

Korjaus 
a) Näitä suojarajoittimia ei saa korjata. Suojarajoitin on vaihdettava vastaavaan sertifioituun tuotteeseen. 

Merkintä
MTL7700-sarjan rajoittimissa on taulukossa A kuvattu sertifikaattinumero (vaatimustenmukaisuusvakuutus). Jokaisessa
laitteessa on myös CE-merkintä, ilmoitetun laitoksen numero 1180 ja seuraavat tiedot:

a) Valmistajan logo
b) Valmistajan nimi ja osoite
c) Tuotteen numero ja nimi
d) Sertifikaattinumero(t)
e) Ex-luokitus (kun käytössä)
f) Lohkokaavio
g) Turvallisuuskuvausparametrit
h) Ympäröivän lämpötilan alue

Tämä käyttöohje koskee tuotteita, jotka on valmistettu ja
päivämäärämerkitty vuoden 2003 aikana tai jälkeen.

Kuva B1: Tyypillinen MTL7700-sarjan rajoittimen tarra
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Μετά�ραση της Δήλωσης Συμμ�ρ�ωσης
Δηλών�υμε ρητά και με απ�κλειστική μας ευθύνη, �τι τα πρ�ϊ�ντα της σειράς MTL7700 των �π�ίων η λίστα
δίνεται στ�ν Πίνακα A (δείτε τ� εμπρ�ς μέρ�ς τ�υ π�λύπτυ!�υ) και στα �π�ία ανα�έρεται αυτή η δήλωση,
έ!�υν κατασκευαστεί σύμ�ωνα με τις πρ�διαγρα�ές των παρακάτω κατευθυντήριων #δηγιών και σύμ�ωνα
με τα πρ�τυπα π�υ ακ�λ�υθ�ύν:

Πίνακας A (δείτε τ� εμπρ�ς μέρ�ς τ�υ π�λύπτυ!�υ)

Σημειώσεις σ!ετικά με τη σήμανση CE:

√ = Τ� πρ�ϊ�ν τηρεί τις πρ�διαγρα
ές της συγκεκριμένης �δηγίας  
• = Τ� πρ�ϊ�ν δεν �ρειά�εται να τηρεί τις πρ�διαγρα
ές της συγκεκριμένης �δηγίας

1. �δηγία τ�υ Συμ��υλί�υ 89/336/EEC (�δηγία EMC) σ�ετικά με την Ηλεκτρ�μαγνητική Συμ�ατ�τητα
(Electro-Magnetic Compatibility, EMC)
EN 61326 (Παράρτημα A �ι�μη�ανικών εγκαταστάσεων)
(Τα κ�μμάτια με κωδικ�ύς ημερ�μηνίας πρ�ηγ�ύμεν�υς τ�υ 0127 συμ
ων�ύν με τα γενικά πρ�τυπα EN
50081 Τμήμα 2 και EN 50082 Τμήμα 2 αντί με τα EN 61326)

2. �δηγία τ�υ Συμ��υλί�υ 73/23/EEC για την �αμηλή τάση (Low Voltage Directive), �πως αυτή
τρ�π�π�ιήθηκε απ� την 93/68/EEC, σ�ετικά με την Ασ
άλεια Πρ�ϊ�ντων.
EN 61010-1

3. �δηγία τ�υ Συμ��υλί�υ 94/9/EC (�δηγία ATEX) για τις συσκευές και τα συστήματα πρ�στασίας π�υ
πρ��ρί��νται για �ρήση σε εκρή'ιμες ατμ�σ
αιρες. EN 50014, EN 50020

Κ�ιν�π�ιήθηkε στ�ν ��pέκ έκδ�σης των πιστ�π�ιητικών ATEX ή κατηγ�ρίας 1.

Baseefa (2001) Ltd Αριθμ�ς κ�ιν�π�ιημέν�υ ��ρέα:
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

22

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Τηλ.: +44 (0)1582 723633   Φα': +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Σημειώσεις (αριθμ�ί σ!ετι&�μεν�ι με αριθμ�ύς των C και D)

1 Π�λικ�τητα
ac υπ�δεικνύει μια διαμ�ρ�ωση �ράγματ�ς μη
π�λωμένης σύνδεσης αστέρ�ς.

2 Σύνθεση κυκλωμάτων
a Μ�ν�καναλικ� �ράγμα δυναμικ�ύ.
a1 Πρώτ� κανάλι εν�ς δικαναλικ�ύ/ τριπλ�καναλικ�ύ

�ράγματ�ς δυναμικ�ύ.
a2 Δεύτερ� κανάλι εν�ς δικαναλικ�ύ/ τριπλ�καναλικ�ύ

�ράγματ�ς δυναμικ�ύ.
a3 Τρίτ� κανάλι εν�ς δικαναλικ�ύ/ τριπλ�καναλικ�ύ

�ράγματ�ς δυναμικ�ύ.
b Και τα δύ� κανάλια εν�ς διπλ�καναλικ�ύ �ράγματ�ς

δυναμικ�ύ συνδεδεμένα παράλληλα, σε συνάρτηση με
τη γείωση.

b1 Δύ� κανάλια εν�ς τριπλ�καναλικ�ύ �ράγματ�ς
δυναμικ�ύ συνδεδεμένα παράλληλα, σε συνάρτηση με
τη γείωση.

b2 Τρία κανάλια εν�ς τριπλ�καναλικ�ύ �ράγματ�ς
δυναμικ�ύ συνδεδεμένα παράλληλα, σε συνάρτηση με
τη γείωση.

b3 Και τα δύ� κανάλια τ�υ καθεν�ς διακ�πτη εισ�δ�υ
συνδεδεμένα μα!ί.

c Και τα δύ� κανάλια εν�ς διπλ�καναλικ�ύ �ράγματ�ς
αλληλ�συνδεδεμένα "ωρίς επιστρ��ή μέσω γείωσης
ή και !εύγ�ς καναλιών εν�ς �ράγματ�ς δυναμικ�ύ 4
καναλιών αλληλ�συνδεδεμένων "ωρίς επιστρ��ή
μέσω γείωσης .

c1 Δύ� κανάλια εν�ς τριπλ�καναλικ�ύ �ράγματ�ς
δυναμικ�ύ αλληλ�συνδεδεμένα, "ωρίς επιστρ��ή
μέσω γείωσης.

c2 Τρία κανάλια εν�ς τριπλ�καναλικ�ύ �ράγματ�ς
δυναμικ�ύ αλληλ�συνδεδεμένα, "ωρίς επιστρ��ή
μέσω γείωσης. Κάτι τέτ�ι� πρ�ϋπ�θέτει �τι δύ� απ�
τα κανάλια είναι παράλληλα.

3 %ταν τ� ε&ωτερικ� κύκλωμα δεν περιέ"ει καμία
συσσωρευμένη αυτεπαγωγή ανώτερη των 10mH, η
αυτεπαγωγή τ�υ καλωδί�υ μπ�ρεί να επαυ&ηθεί στις
τιμές π�υ δίν�νται εντ�ς των παρενθέσεων.

4 Πρ�σαρμ�σμένη ισ�ύς.
5 Δεν επιτρέπεται.

Σημειώσεις σ!ετικά με τ�υς πίνακες στ� πίσω μέρ�ς τ�υ π�λύπτυ!�υ

Πίνακας B - Περιγρα�ή ασ�αλειών

* Ta = 65°C 
† Ακρ�δέκτες 3 και 7 συνδεδεμέν�ι μα�ί

Πίνακας C - Μέγιστες παράμετρ�ι - �μάδα αερίων IIC

Πίνακας D - Μέγιστες παράμετρ�ι - �μάδα αερίων IIB
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#δηγίες ασ�άλειας της ΑTEX για τη σειρά ΜTL7700

ασ�αλιστικών �ραγμάτων δυναμικ�ύ δι�δ�υ διακλάδωσης
�ι ακ�λ�υθες πληρ�
�ρίες είναι σύμ
ωνες των στ�ι�ειωδών απαιτήσεων Υγείας και Ασ
άλειας (Παράρτημα
II) της �δηγίας EU 94/9/EC [�δηγία ATEX - ασ
άλεια συσκευών] και παρέ��νται για τις εγκαταστάσεις �π�υ
ε
αpμ�ςεται η �δηγία ATEX.

Γενικά

a) >πως ακρι�ώς και για �λες τις άλλες ηλεκτρικές συσκευές των �π�ίων η εγκατάσταση γίνεται σε
επικίνδυν�υς �ώρ�υς, η εγκατάσταση, � �ειρισμ�ς και η συντήρηση αυτής της συσκευής θα πρέπει να
γίνεται απ�κλειστικά και μ�ν� απ� ε'ειδικευμέν� πρ�σωπικ�. Κρίνεται ε'ειδικευμέν� τ� εκπαιδευμέvo
πρ�σωπικ� τ�v �π�ί�v η εκπαιδευoη, συμπεριλαμ�αν�μένης της εκπαίδευσής τ�υ στ�υς διά
�ρ�υς
τύπ�υς πρ�στασίας και στις πρακτικές εγκατάστασης, στ�υς σ�ετικ�ύς ν�μ�υς και καν�νισμ�ύς, καθώς και
στις γενικ�τερες αρ�ές κατάτα'ης περι��ών. Είναι δε απαραίτητη η περι�δική κατάλληλη ενημέρωση
αυτ�ύ τ�υ πρ�σωπικ�ύ. [Δείτε την εν�τητα 4.2 της EN 60079-17].

b) Αυτή η συσκευή ανταπ�κρίνεται στις απαιτήσεις των σ�ετικών ηλεκτρικών συσκευών σύμ
ωνα με τις EN
50020 και EN50014.

c) Αυτή η συσκευή ανταπ�κρίνεται επίσης στις απαιτήσεις πρ�στασίας 'n' σύμ
ωνα με την EN 50021.
d) Αυτή η συσκευή παρέ�ει πρ�στασία κατά �λων των σημαντικών επιπρ�σθετων κινδύνων π�υ ανα
έρ�νται

στ� Παράρτημα II της �δηγίας, καθώς και κατά των ανα
ερ�μενων στην εν�τητα 1.2.7.

Εγκατάσταση
a) Η εγκατάσταση θα πρέπει να συμ
ωνεί με τις αντίστ�ι�ες Ευρωπαϊκές, κρατικές και τ�πικές ν�μ�θεσίες,

στις �π�ίες μπ�ρεί να συμπεριλαμ�άνεται ανα
�ρά στ�υς δε�ντ�λ�γικ�ύς κώδικες  IEC, IEC 60079-14.
Επιπλέ�ν, �ρισμένες �ι�μη�ανίες ή και �ρήστες μπ�ρεί να έ��υν συγκεκριμένες απαιτήσεις σ�ετικά με την
ασ
άλεια των εγκαταστάσεών τ�υς και επ�μένως, η εγκατάσταση θα πρέπει να ανταπ�κρίνεται και σε
αυτές τις απαιτήσεις. Για τις περισσ�τερες απ� τις εγκαταστάσεις �ι �δηγίες Directive 1999/92/EC [η
�δηγία - για την ασ
άλεια των εγκαταστάσεων] είναι επίσης ε
αρμ�σιμες.

b) Αυτή η συσκευή είναι σ�ετικών ηλεκτρική συσκευή και συναρμ�λ�γείται συνήθως σε μη επικίνδυν�υς
[ασ
αλείς] �ώρ�υς. Ανταπ�κρίνεται επίσης στις απαιτήσεις για τις συσκευές Κατηγ�ρίας 3 και μπ�ρεί να
εγκατασταθεί σε ένα �ώρ� Rώνης 2 εάν 
υσικά τηρ�ύνται �ι σ�ετικές πρ�ϋπ�θέσεις. >ταν η συσκευή
συναρμ�λ�γείται σε ένα �ώρ� Rώνης 1, θα πρέπει να κλείνεται, τ� �π�ί� πρ�σ
έρει ένα ανώτερ� �αθμ�
κατάλληλης πρ�στασίας σε σ�έση με την κατάτα'η τ�υ �ώρ�υ.

c) Αυτή η συσκευή δεν θα πρέπει να υπ�κειται σε μη�ανικές και θερμικές υπερ
�ρτώσεις υπερ�αίν�ντας τις
επιτρεπ�μενες τιμές π�υ υπ�δεικνύ�νται στα πιστ�π�ιητικά της τεκμηρίωσής τ�υ, στις παρ�ύσες
πληρ�
�ρίες ασ
άλειας και στις πρ�διαγρα
ές τ�υ πρ�ϊ�ντ�ς. Εάν �ρειαστεί τ� πρ�ϊ�ν θα πρέπει να
πρ�στατεύεται με μη�ανικ�ύ κλεισίματ�ς περί�λημα, ώστε να μην υπάρ'ει κίνδυν�ς μη�ανικών �ημιών.

d) Η εγκατάσταση της συσκευής δεν θα πρέπει να γίνεται σε θέσεις �π�υ μπ�ρεί να πρ�σ�ληθεί απ�
δια�ρωτικές �υσίες και θα πρέπει να πρ�στατεύεται απ� την υπερ��λική σκ�νη, υγρασία και άλλα
μ�λυντικά με κάπ�ι� περί�λημα.

Έλεγ!�ς και συντήρηση

a) � έλεγ��ς και η συντήρηση θα πρέπει να γίν�νται σύμ
ωνα με τις αντίστ�ι�ες Ευρωπαϊκές, κρατικές και
τ�πικές ν�μ�θεσίες, στις �π�ίες μπ�ρεί να συμπεριλαμ�άνεται ανα
�ρά στα πρ�τυπα IEC, IEC 60079-17.
Επιπλέ�ν, �ρισμένες �ι�μη�ανίες ή και �ρήστες μπ�ρεί να έ��υν συγκεκριμένες απαιτήσεις στις �π�ίες θα
πρέπει επίσης να ανταπ�κρίνεται.

b) Η πρ�σ�αση στ� εσωτερικ� κύκλωμα δεν θα πρέπει να γίνεται κατά τη διάρκεια της λειτ�υργίας.
c) Εάν τ� ε'ωτερικ� περί�λημα της συσκευής �ρειά�εται καθαρισμ�, θα πρέπει να γίνει με ένα πανί �ρεγμέν�

ελά�ιστα με διάλυμα νερ�ύ και απ�ρρυπαντικ�ύ.

Επισκευή 

a) Αυτά τα 
ράγματα δυναμικ�ύ δεν πρέπει να επισκευά��νται. Αντικαταστήστε ένα 
ράγμα δυναμικ�ύ
απ�κλειστικά και μ�ν� με ένα αντίστ�ι�� πιστ�π�ιημέν� πρ�ϊ�ν.

Σήμανση  
Τα 
ράγματα δυναμικ�ύ της σειράς MTL7700 
έρ�υν ένα αριθμ� πιστ�π�ιητικ�ύ �πως αναγρά
εται
λεπτ�μερώς στ�ν Πίνακα A (Δήλωση Συμμ�ρ
ωσης). Κάθε συσκευή 
έρει επίσης και ένα σήμα CE με
Αναγνωριστικ� Αριθμ� Κ�ιν�π�ιημέν�υ Φ�ρέα τ� 1180, καθώς και τις ακ�λ�υθες πληρ�
�ρίες:

a) Λ�γ�τυπ� εταιρείας
b) >ν�μα και διεύθυνση εταιρείας
c) Αριθμ� και �ν�μα πρ�ϊ�ντ�ς
d) Αριθμ�/ -�ύς Πιστ�π�ιητικών
e) Πρώην κατάτα'η (�π�υ ε
αρμ�σιμη)
f) Σ�ηματικ� διάγραμμα
g) Περιγρα
ή παραμέτρων ασ
αλείας
h) Κλίμακα θερμ�κρασίας περι�άλλ�ντ�ς

Αυτ� τ� εγ�ειρίδι� ισ�ύει για τα πρ�ϊ�ντα των �π�ίων η

κατασκευή και η σήμανση έγινε κατά τη διάρκεια ή μετά τ�

2003.

Εικ�να B1: Ετικέτα 
ράγματ�ς δυναμικ�ύ σειράς MTL770
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Prevod izjave o skladnosti
S polno odgovornostjo izjavljamo, da izdelki serije MTL7700 navedeni v tabeli A (glejte prednjo stran
zgibanke) na katere se ta izjava nanaša, ustrezajo zahtevam spodaj navedenih direktiv in so v skladu z
navedenimi standardi:

Tabela A (glejte prednjo stran zgibanke)
Opombe v zvezi s CE označevanjem:
√ = izdelek usklajen z navedeno Direktivo  
• = za izdelek ni zahtevana usklajenost z navedeno Direktivo

1. Direktiva Sveta 89/336/EGS (EMZ Direktiva) se nanaša na elektromagnetno združljivost,
EN 61326 (priloga A industrijska območja)
(Enote z datumsko oznako pred 0127 ustrezajo splošnim standardom EN 50081 2. del in EN 50082 2. del
namesto EN 61326)

2. Direktiva Sveta 73/23/EGS (direktiva o nizki napetosti), dopolnjena z 93/68/EGS, se nanaša na varnost izdelkov.
EN 61010-1

3. Direktiva Sveta 94/9/ES (ATEX Direktiva) se nanaša na opremo in zaščitne sisteme namenjene uporabi v
potencialno eksplozivnem okolju, EN 50014, EN 50020

Priglašeni organ odgovoren za ATEX certifikate kategorije 1 ali 2:

Baseefa (2001) Ltd Številka priglašenega organa: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Opombe (pojasnila števil v tabelah C in D)
1 Polarnost

ac označuje nepolarizirano, v zvezdo vezano, konfiguracijo
ovire.

2 Konfiguracije vezave
a Enokanalna ovira.
a1 Prvi kanal dve-/trikanalne ovire.
a2 Drugi kanal dve-/trikanalne ovire.
a3 Tretji kanal dve-/trikanalne ovire.
b Oba kanala dvekanalne ovire sta povezana vzporedno, z

ozemljitvijo.
b1 Dva kanala trikanalne ovire sta povezana vzporedno, z

ozemljitvijo.
b2 Trije kanali trikanalne ovire so povezani vzporedno, z

ozemljitvijo.

b3 Oba kanala vsakega stikalnega vhoda sta medsebojno
povezana.

c Oba kanala dvekanalne zapore sta povezana medsebojno
brez ozemljitve ali vsak par kanalov štirikanalne zapore je
medsebojno povezan, brez ozemljitve.

c1 Dva kanala trikanalne ovire sta medsebojno povezana,
brez ozemljitve.

c2 Trije kanali trikanalne ovire so medsebojno povezani, brez
ozemljitve. Predvideva, da sta dva kanala vzporedna.

3 Ko zunanji tokokrog ne vsebuje skupne induktivnosti večje od
10mH, lahko povečate induktivnost kablov do vrednosti v
oklepajih.

4 Enakovredna moč.
5 Ni dovoljeno.

Opombe nanašajoče se na tabele na zadnji strani zgibanke

Tabela B - Varnostni opisi
* Ta = 65°C 
† Sponki 3 in 7 medsebojno povezni

Tabela C - največji parametri kabla - IIC skupina plini

Tabela D - največji parametri kabla - IIB skupina plini
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ATEX varnostni napotki za 
Protiobločne varnostne zapore

serije MTL7700

Naslednji podatki so v skladu z Bistvenimi zdravstvenimi in varnostnimi zahtevami (priloga II) EU Direktive 94/9/ES
[Direktiva ATEX - varnost naprav] in so namenjeni za tista območja, kjer se uporablja direktiva ATEX.

Splošno
a) Kot velja za vse električne naprave nameščene v nevarnem področju, lahko tudi to napravo namesti, upravlja in

vzdržuje le strokovno osebje. Osebje mora opraviti šolanje, ki vključuje navodila za različne vrste zaščite in
postopkov namestitve, nanašajoča se pravila in predpise ter splošna vodila za razvrščanje območij. Redno morate
izvajati ustrezno šolanje za osvežitev znanj. [glejte člen 4.2 v EN 60079-17].

b) Ta naprava zadošča zahtevam priključenih električnih naprav v skladu z EN 50020 in EN50014.
c) Ta naprava prav tako zadošča zahtevam zaščite 'n' v skladu z EN 50021.
d) Ta naprava zagotavlja zaščito proti vsem dodatnim nevarnostim glede na prilogo II Direktive, kot so tiste v členu

1.2.7.

Namestitev
a) Namestitev mora ustrezati vsem ustreznim evropskim državnim in lokalnim predpisom, ki lahko vključujejo napotitev

na IEC kodeks ravnanja IEC 60079-14. Poleg tega imajo lahko podjetja ali končni uporabniki posebne zahteve
nanašajoče se na varnost instalacij, katerim je tudi potrebno zadostiti. Za večino namestitev je uporabna tudi
Direktiva 1999/92/ES [ATEX direktiva - Varnost objektov].

b) Ta naprava je povezana naprava in je običajno nameščena v ne-nevarnem [varnem] območju. Prav tako ustreza
zahtevam naprav kategorije 3 in je lahko nameščena v območju cone 2, v kolikor so izpolnjeni ustrezni namestitveni
pogoji. Ko je nameščena v območju cone 1, mora biti naprava opremljena z ohišjem, ki nudi dodatno stopnjo zaščite,
katera ustreza razvrščenosti območja.

c) Ta naprava ne sme biti izpostavljena mehanskim in termičnim obremenitvam, ki presegajo obremenitve navedene v
certifikacijski dokumentaciji, teh varnostnih napotkih in podatkih izdelka. Za preprečitev mehanskih poškodb,
napravo po potrebi zavarujte z ohišjem.

d) Naprave ne smete namestiti na mesta, kjer je lahko izpostavljena agresivnim snovem. Pred prahom, vlago in ostalimi
škodljivimi vplivi jo zaščitite z ohišjem.

Nadzor in vzdrževnje
a) Nadzor in vzdrževanje mora biti opravljeno v skladu z evropskimi, državnimi in lokalnimi predpisi, ki lahko vključujejo

napotitev na IEC kodeks ravnanja IEC 60079-17. Poleg tega imajo lahko podjetja ali končni uporabniki posebne
zahteve, katerim je tudi potrebno zadostiti.

b) Med delovanjem ne posegajte v notranji tokokrog.
c) V kolikor morate očistiti zunanje ohišje naprave, ga očistite s krpo, rahlo navlaženo v blagi mešanici detergenta in

vode.

Popravila 
a) Teh zapor ne popravljajte. Zaporo zamenjajte z enakovrednim certificiranim izdelkom. 

Označevanje  
Zapore serije MTL7700 so označene s številko certifikata, kot je detajlno pojasnjeno v tabeli A (Izjava o skladnosti).
Vsaka naprava je označena tudi z oznako CE in identifikacijsko številko priglašenega organa 1180 ter vsebuje sledeče
podatke:

a) logotip podjetja
b) ime in naslov podjetja
c) številko in naziv izdelka
d) številko(e) certifikata
e) razvrstitev Ex (kjer se uporablja)
f) shema
g) opis varnostnih parametrov
h) razpon temperature okolice

Ta navodila se nanašajo na izdelke proizvedene in
datum označen med ali po letu 2003.

Slika B1: Tipiãna tablica zapore serije MTL7700
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A megfelelőségi nyilatkozat fordítása
Kizárolagos felelősségünkkel kinyilvánítjuk, hogy az MTL7700 sorozatú termékek, melyek az "A" táblázatban
(lásd az előlap hajtókáját) vannak felsorolva, és amelyekre ez a nyilatkozat érvényes, a felsorolt
szabványoknak való megfeleléssel megfelelnek az alábbi irányelv követelményeinek:

"A" táblázat (lásd az előlap hajtókáját)
Megjegyzések a CE jelöléshez:
√ = A termék megfelel a megadott irányelvnek  
• = A terméknek nem kell megfelelnie a megadott irányelvnek

1. Tanács 89/336/EEC sz. irányelve (EMC irányelv), amely az elektromágneses kompatibilitásról szól,
EN 61326 ("A" függelék az ipari helyekről)
(A 0127 előtti dátumkódos egységek az EN 50081 2. rész és az EN 50082 2. rész általános szabványoknak
felelnek meg az EN 61326 helyett)

2. Tanács 73/23/EEC sz. irányelve (kisfeszültségű irányelv), módosítva a 93/68/EEC irányelvvel, amely a
termékbiztonságról szól. EN 61010-1

3. Tanács 94/9/EC irányelve (ATEX irányelv), amely a robbanékony légkörben használandó berendezésekről és
biztonsági rendszerekről szól. EN 50014, EN 50020

A Cat 1 vagy a 2 ATEX tanúsítványért felelős kijelölt testület:

Baseefa (2001) Ltd Kijelölt testület száma: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, Anglia, LU1 3JJ

Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283
www.mtl-inst.com29/04/2003

Megjegyzés (a számok a C-ben és a D-ben lévő számokra
vonatkoznak)
1 Polaritás

az ac nem polarizált, csillagkapcsolt, korlátos konfigurációt
jelöli.

2 Áramkör konfigurációk
a Egycsatornás korlát.
a1 Egy dupla/tripla csatornás korlát első csatornája.
a2 Egy dupla/tripla csatornás korlát második csatornája.
a3 Egy dupla/tripla csatornás korlát harmadik csatornája.
b Egy dupla csatornás korlát mindkét csatornája

párhuzamosan kapcsolva, a földeléshez képest.
b1 Egy tripla csatornás korlát két csatornája párhuzamosan

kapcsolva, a földeléshez képest.
b2 Egy tripla csatornás korlát három csatornája

párhuzamosan kapcsolva, a földeléshez képest.
b3 Mindegyik kapcsoló bemenetének mindkét csatornája

összekapcsolva.

c Egy kétcsatornás korlát mindkét csatornája egymással
összekapcsolva földvisszavezetés nélkül, vagy egy 4-
csatornás korlát bármely két csatornapárja egymással
összekapcsolva földvisszavezetés nélkül.

c1 Egy tripla csatornás korlát két csatornája egymással
összekapcsolva földvisszavezetés nélkül.

c2 Egy tripla csatornás korlát három csatornája egymással
összekapcsolva földvisszavezetés nélkül. Ez feltételezi,
hogy két csatorna párhuzamos.

3 Ha a külső áramkör nem tartalmaz 10 mH-nél nagyobb
induktivitást, akkor a kábel induktivitását meg lehet növelni a
zárójelben lévő értékekre.

4 Összeillő teljesítmény.
5 Nem engedélyezett.

Megjegyzések a hátsó borító hajtókáján lévő táblázatokhoz

"B" tábla - Biztonsági leírások
* Ta = 65°C 
† 3-as és 7-es csatlakozók összekapcsolva

"C" táblázat - Maximum kábelparaméterek - IIC gázcsoport

"D" táblázat - Maximum kábelparaméterek - IIB gázcsoport
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ATEX biztonsági utasítások a 
MTL7700 sorozathoz

Shunt dióda biztonsági korlátok

Az alábbi információk megfelelnek a 94/9/EC EU irányelv [az ATEX irányelv - berendezések biztonsága] Alapvető
egészségi és biztonsági követelmények (II. függelék) című részének, és azokra a helyekre nyújtjuk, amelyeken az ATEX
irányelv alkalmazható.

Általános
a) A veszélyes területeken telepített más elektromos berendezésekkel együtt ezt a berendezést is csak hozzáértő

személyeknek szabad telepíteni, működtetni és karbantartani. Az ilyen személyeknek el kell végezniük egy
tanfolyamot, amely magában foglalja a különböző típusú védelmi és telepítési gyakorlatok utasításait, a megfelelő
szabályokat és előírásokat, valamint a területek osztályozásának átlalános elveit. Rendszeresen frissítő
tanfolyamokon is részt kell venni. [Lásd az EN 60079-17 4.2-es szakaszát].

b) Ez a berendezés megfelel az EN 50020 és az EN50014 szerinti kapcsolt elektromos berendezések
követelményeinek.

c) Ez a berendezés megfelel a védelmi követelményeknek és az EN 50021 szerinti előírásoknak.
d) Ez a berendezés biztosítja a védelmet minden további kockázat ellen, amelyeket az irányelv II. függeléke felsorol,

mint például az 1.2.7. cikkelyben említettek.

Telepítés
a) A telepítésnek meg kell felelnie a vonatkozó európai, nemzeti és helyi szabályozásnak, amelyek hivatkozásokat

tartalmazhatnak az IEC 60079-14 szabálygyűjteményére. Ezen kívül az egyes iparágak vagy egyes végfelhasználók
különleges követelményeket támaszthatnak a telepítések biztonságára vonatkozóan, amelyeket szintén be kell
tartani. A telepítések többségére az 1999/92/EC irányelv [az ATEX irányelv - a telepítések biztonságáról] is
vonatkozik.

b) Ez a berendezés egy kapcsolt elektromos berendezés, és általában veszélytelen [biztonságos] helyre szerelik be.
Megfelel a 3-as kategóriájú berendezések követelményeinek is, így telepíthető a 2-es zónában is, feltéve, hogy
biztosítva vannak a szükséges telepítési feltételek. Amikor 1-es zónában szerelik fel a berendezést, akkor azt el 
kell látni egy borítással, mely további védelmet biztosít a terület osztályba sorolásánál.

c) A berendezést nem szabad kitenni a tanúsítvány dokumentációjában, ebben a biztonsági leírásban és a termék
műszaki adataiban megengedettnél nagyobb mechanikus vagy hőmérsékleti igénybevételnek. Szükség esetén a
mechanikai sérülések elkerülése érdekében a berendezést egy borítással kell védeni.

d) A berendezést nem lehet olyan helyre telepíteni, amelyen agresszív anyagok támadhatják meg, és egy borítással
kell megvédeni a túlzott mértékű portól, nedvességtől vagy egyéb szennyeződéstől.

Ellenőrzés és karbantartás
a) Az ellenőrzésnek és a karbantartásnak meg kell felelnie a vonatkozó európai, nemzeti és helyi szabályozásnak,

amelyek hivatkozásokat tartalmazhatnak az IEC 60079-17 szabványra. Ezen kívül egyes iparágak vagy
végfelhasználók különleges követelményeket támaszthatnak, amelyeket szintén be kell tartani.

b) A belső áramkörhöz nem szabad hozzáférni működés közben.
c) Ha a berendezés külső borítóját meg kell tisztítani, akkor ezt egy tisztítószeres vízzel enyhén átitatott ruhával kell

elvégezni.

Javítás 
a) Ezeket a korlátokat nem lehet javítani. A korlátot egy egyenértékű tanúsított termékkel kell kicserélni. 

Jelölés  
Az MTL7700 sorozatú korlátokon egy tanúsítványszám látható, ahogyan az a (Megfelelőségi nyilatkozat) "A"
táblázatában látható. Minden eszköz el van látva egy CE jellel is, a kijelölt testület 1180-as számával és a következőkkel:

a) Cégjelvény
b) Cég neve és címe
c) Termék száma és neve
d) Tanúsítvány(ok) száma
e) Ex osztályozás (ahol lehetséges)
f) Vázlatos rajz
g) Biztonsági leírás paraméterei
h) Környezeti hőmérséklet-tartomány

Ez a leírás azokra a termékekre vonatkozik, 
amelyeket a 2003-as évben vagy azután gyártottak.

"B1" ábra: Tipikus MTL7700 sorozatú korlát címkéje
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Measurement Technology Limited
Power Court, Luton, Bedfordshire, Anglia, LU1 3JJ

Tel.: +44 (0)1582 723633   Faks: +44 (0)1582 422283
www.mtl-inst.com29/04/2003

Uwagi (numery odpowiadają numerom z tabel C i D)
1 Polarność

ac oznacza niespolaryzowaną, połączoną w gwiazdę
konfigurację bariery.

2 Konfiguracje obwodu
a Jednokanałowa bariera.
a1 Pierwszy kanał dwu-/trójkanałowej bariery.
a2 Drugi kanał dwu-/trójkanałowej bariery.
a3 Trzeci kanał dwu-/trójkanałowej bariery.
b Oba kanały dwukanałowej bariery połączone równoległe z

uziemienien.
b1 Dwa kanały trójkanałowej bariery połączone równoległe z

uziemienien.
b2 Trzy kanały trójkanałowej bariery połączone równoległe z

uziemienien.

b3 Oba kanały każdego wejścia przełącznika połączone
razem.

c Oba kanały dwukanałowej bariery wzajemnie połączone
bez uziemienia lub para kanałów czterokanałowej bariery
wzajemnie połączona bez uziemienia.

c1 Dwa kanały trójkanałowej bariery wzajemnie połączone
bez uziemienia.

c2 Trzy kanały trójkanałowej bariery wzajemnie połączone
bez uziemienia. Przy założeniu, że dwa z tych kanałów są
równoległe.

3 Gdy zewnętrzny obwód nie zawiera złożonej indukcyjności
większej niż 10 mH, indukcyjność przewodu może być
zwiększona do wartości w nawiasie.

4 Dopuszczalna moc.
5 Niedozwolone.

Polaryzacja dotyczące tabel na rozkładanej tylnej okładce

Tabela B - Opisy bezpieczeństwa
* Ta = 65 °C 
† Terminale 3 i 7 połączone razem

Tabela C - Maksymalne parametry przewodów - grupa gazowa IIC

Tabela D - Maksymalne parametry przewodów - grupa gazowa IIB

Tłumaczenie Deklaracji zgodności
Oświadczamy z całkowitą odpowiedzialnością, że produkty Serii MTL7700 wymienione w Tabeli A (przednia
rozkładana okładka), do których odnosi się niniejsza deklaracja, spełniają wymagania poniższych Dyrektyw
na podstawie zgodności z wymienionymi normami standardami:

Tabela A (przednia rozkładana okładka)
Uwagi na temat oznaczenia CE:
√ = Produkt jest zgodny z daną Dyrektywą  
• = Produkt nie musi być zgodny z daną Dyrektywą

1. Dyrektywa Rady 89/336/EWG (Dyrektywa EMC) na temat w sprawie Kompatybilności elektromagnetycznej,
EN 61326 (Załącznik A - lokalizacje przemysłowe)
(Egzemplarze z kodami daty przed 0127 są zgodne z ogólnymi standardami normami EN 50081 Część 2 i EN
50082 Część 2 zamiast z EN 61326)

2. Dyrektywa Rady 73/23/EWG (Dyrektywa Niskiego niskonapięciowa), poprawiona w 93/68/EEC, na temat w
sprawie Bezpieczeństwa produktów. EN 61010-1

3. Dyrektywa Rady 94/9/WE (Dyrektywa ATEX) w sprawie urządzeń i systemów zabezpieczających przeznaczonych
do użytku w atmosferach potencjalnie wybuchowych. EN 50014, EN 50020

Jednostka notyfikowana odpowiedzialna za Certyfikaty Cat 1 lub 2 ATEX:

Baseefa (2001) Ltd Numer jednostki notyfikowanej:
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN
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Instrukcje bezpieczeństwa ATEX dla 
Barier bezpieczeństwa z diodą bocznikową

Serii MTL7700

Następujące informacje są zgodne z Podstawowymi wymaganiami zdrowia i bezpieczeństwa (Annex II) Dyrektywy UE
94/9/EC [Dyrektywa ATEX - bezpieczeństwo urządzenia] i dotyczą lokalizacji, gdzie Dyrektywa ATEX ma zastosowanie.

Ogólne
a) Tak jak wszystkie inne elektryczne urządzenia zainstalowane w niebezpiecznych strefach, to urządzenie musi być

zainstalowane, obsługiwane i konserwowane tylko przez wykwalifikowany personel. Personel ten powinien przejść
szkolenie, w ramach którego powinny zostać udzielone informacje na temat różnych sposobów ochrony i instalacji,
istotnych zasad i przepisów oraz ogólnych reguł klasyfikowania stref. Odpowiednie szkolenia powtórkowe powinny
być wykonywane regularnie. [Patrz paragraf 4.2 standardu EN 60079-17].

b) To urządzenie spełnia wymagania wobec współpracującego urządzenia elektrycznego zgodnie ze standardami EN
50020 i EN50014.

c) To urządzenie spełnia również wymagania ochrony 'n' zgodnie ze standardem EN 50021.
d) To urządzenie zapewnia ochronę przed wszelkimi istotnymi dodatkowymi niebezpieczeństwami wymienionymi w

Załączniku II dyrektywy, takimi jak te w paragrafie 1.2.7.

Instalacja
a) Instalacja musi być zgodna z odpowiednimi europejskimi, krajowymi i lokalnymi przepisami, które mogą zawierać

odniesienia do Kodeksu praktyki IEC IEC 60079-14. Ponadto, określone branże lub użytkownicy końcowi mogą
podlegać szczególnym wymaganiom, związanym z bezpieczeństwem ich instalacji i one również powinny być
spełnione. W przypadku większości instalacji, Dyrektywa 1999/92/EC [Dyrektywa ATEX - bezpieczeństwo instalacji]
również obowiązuje.

b) To urządzenie jest współpracującym urządzeniem elektrycznym, zazwyczaj montowanym w nie-niebezpiecznej
[bezpiecznej] strefie. Spełnia również wymagania urządzenia Kategorii 3 i może być zainstalowane w lokalizacji
Strefy 2, jeżeli istotne warunki instalacji zostaną spełnione. Zainstalowane w lokalizacji Strefy 1, urządzenie to musi
być wyposażone w obudowę, która zapewnia dodatkową ochronę odpowiednią do klasyfikacji strefy.

c) To urządzenie nie może być poddawane mechanicznym lub termicznym wpływom, w stopniu przekraczającym
wartości odnotowane w dokumentacji certyfikacyjnej tej informacji bezpieczeństwa i specyfikacji produktu. Jeśli to
konieczne, produkt musi być chroniony obudową, aby zapobiec uszkodzeniom mechanicznym.

d) Urządzenie nie może być zainstalowane w miejscu, gdzie może ulec działaniu niebezpiecznych substancji i musi
być chronione za pomocą obudowy przed nadmierną ilością kurzu, wilgoci i innych zanieczyszczeń.

Inspekcja i konserwacja
a) Inspekcja i konserwacja powinny być przeprowadzane zgodnie z europejskimi, krajowymi i lokalnymi przepisami,

które mogą odnosić się do standardu IEC IEC 60079-17. Ponadto, określone branże lub użytkownicy końcowi mogą
podlegać szczególnym wymaganiom i one również powinny być spełnione.

b) Dostęp do wewnętrznego obwodu jest niedopuszczalny podczas działania.
c) Jeśli zewnętrzna obudowa urządzenie musi zostać wyczyszczona, należy dokonać tego tkaniną lekko nasączoną

wodnym roztworem detergentu.

Naprawa 
a) Bariery nie podlegają naprawie. Bariera może być zastępowana innym równoważnym certyfikowanym produktem. 

Oznaczenia  
Bariery serii MTL7700 są oznaczone numerem certyfikacyjnym wyszczególnionym w Tabeli A (Deklaracja zgodności).
Każde urządzenie jest oznaczone znakiem CE przez Jednostkę notyfikowaną numer 1180 oraz zawiera następujące
informacje:

a) Logo firmy
b) Nazwę i adres firmy
c) Numer i nazwę produktu
d) Numery certyfikatów
e) Poprzednią klasyfikację (jeśli istnieje)
f) Rysunek schematu
g) Parametry opisujące bezpieczeństwo
h) Zakres temperatury otoczenia

Ten podręcznik odnosi się do produktów
wyprodukowanych i oznaczonych datą 
w czasie lub po roku 2003.

Rysunek B1: Typowa etykieta bariery Serii MTL7700
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Překlad Prohlášení o shodě
Prohlašujeme na vlastní zodpovědnost, že produkty řady MTL7700 uvedené v Tabulce A (viz přední přebal),
se kterou toto prohlášení souvisí, splňují požadavky směrnic uvedených níže v rozsahu zmiňovaných norem:

Tabulka A (viz přední přebal)
Poznámky týkající se značky CE:
√ = Produkt vyhovuje uvedené směrnici  
• = Produkt nemusí vyhovovat uvedené směrnici

1. Směrnice rady 89/336/EEC (Směrnice EMC) týkající se elektromagnetické kompatibility,
EN 61326 (Dodatek A Průmyslové provozy)
(Jednotky s kódy pro datum předcházejícími 0127 vyhovují normám EN 50081 Část 2 a EN 50082 Část 2 namísto
normě EN 61326)

2. Směrnice rady 73/23/EEC (směrnice pro nízké napětí) doplněná směrnicí 93/68/EEC týkající se bezpečnosti
produktu. EN 61010-1

3. Směrnice rady 94/9/EC (Směrnice ATEX) týkající se zařízení a ochranných systémů určených pro použití v
potenciálně výbušných atmosférách. EN 50014, EN 50020

Notifikovaný orgán zodpovědný za Kategorii 1 nebo 2 Certifikátu ATEX:

Baseefa (2001) Ltd Číslo notifikovaného orgánu: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Poznámky (čísla vztažená k číslům v tabulkách C a D)
1 Polarita

Zkratka stř. indikuje konfiguraci ochrany v nepolarizovaném
připojení do hvězdy.

2 Konfigurace obvodů
a Jednokanálová ochrana.
a1 První kanál dvou/tříkanálové ochrany.
a2 Druhý kanál dvou/tříkanálové ochrany.
a3 Třetí kanál dvou/tříkanálové ochrany.
b Oba kanály dvoukanálové ochrany propojeny paralelně ve

vztahu k zemi.
b1 Dva kanály tříkanálové ochrany propojeny paralelně ve

vztahu k zemi.
b2 Tři kanály tříkanálové ochrany propojeny paralelně ve

vztahu k zemi.
b3 Oba kanály každého spínacího napájení vzájemně

propojeny.

c Oba kanály dvoukanálové ochrany vzájemně propojeny
bez zpětného vedení od země nebo každý pár kanálů
čtyřkanálové ochrany vzájemně propojen bez zpětného
vedení od země.

c1 Dva kanály tříkanálové ochrany vzájemně propojeny bez
zpětného vedení od země.

c2 Tři kanály tříkanálové ochrany vzájemně propojeny bez
zpětného vedení od země. To předpokládá paralelní
zapojení dvou kanálů.

3 Jestliže externí obvod nemá celkovou induktanci větší než 10
mH, může být induktance kabelu zvýšena na hodnoty uvedené
v závorkách.

4 Srovnatelný výkon.
5 Není dovoleno.

Poznámky týkající se tabulek na přehybu zadního přebalu

Tabulka B – Bezpečnostní popisy
* Ta = 65 °C 
† Svorky 3 a 7 propojené

Tabulka C – Maximální parametry kabelu – skupina plynů IIC

Tabulka D – Maximální parametry kabelu – skupina plynů IIB
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Bezpečnostní instrukce ATEX pro 
Řada MTL7700

Bezpečnostní diodové ochrany

Následující informace je v souladu se Základními zdravotními a bezpečnostními požadavky (Dodatek II) Směrnice EU
94/9/EC [Směrnice ATEX – bezpečnost přístrojů] a je poskytována pro ta místa, kde platí Směrnice ATEX.

Všeobecně
a) Stejně jako u všech ostatních elektrických přístrojů instalovaných v nebezpečných oblastech smí být tento přístroj

instalován, provozován a udržován pouze kompetentními pracovníky. Takový pracovník musí projít školením, jehož
součástí jsou instrukce pro různé typy ochrany a instalační postupy, příslušná pravidla a předpisy a všeobecné
zásady klasifikace oblastí. V pravidelných intervalech by také mělo být poskytováno vhodné doškolování. [Viz
ustanovení 4.2 EN 60079-17].

b) Tento přístroj splňuje požadavky přidružených elektrických přístrojů v souladu s EN 50020 a EN50014.
c) Tento přístroj také splňuje požadavky ochrany „n“ v souladu s EN 50021.
d) Tento přístroj poskytuje ochranu proti všem relevantním dalším rizikům uvedeným v Dodatku II směrnice, např. v

ustanovení 1.2.7.

Instalace
a) Instalace musí vyhovovat příslušným evropským, národním a místním předpisům, které mohou obsahovat odkazy

na vyhlášku IEC 60079-14. Navíc určité obory nebo koncoví uživatelé mohou mít specifické požadavky související
s bezpečností instalací a tyto požadavky by měly být také splněny. U většiny instalací platí Směrnice 1999/92/EC
[Směrnice ATEX – bezpečnost instalace].

b) Tento přístroj je přidružený elektrický přístroj a je normálně montován v nerizikové [bezpečné] oblasti. Splňuje také
požadavky Kategorie 3 přístrojů a smí být instalován v Zóně 2 za podmínky, že jsou splněny příslušné podmínky
instalace. V případě montáže v Zóně 1 musí být přístroj uzavřen v pouzdře, které nabízí zvýšení ochrany vhodné
pro klasifikaci oblasti.

c) Tento přístroj nesmí být vystaven mechanickému nebo tepelnému namáhání vyššímu, než povoluje certifikační
dokumentace, bezpečnostní informace a specifikace produktu. V případě potřeby musí být produkt chráněn
pouzdrem před mechanickým poškozením.

d) Přístroj nesmí být instalován v poloze, kde může být zasažen agresivními látkami a musí být chráněn pouzdrem proti
nadměrnému hromadění prachu, vlhkosti a dalším kontaminačním látkám.

Inspekce a údržba
a) Inspekce a údržba by měly být prováděny v souladu s evropskými, národními a místními předpisy, které mohou

odkazovat na normu IEC 60079-17. Navíc mohou mít specifické obory nebo koncoví uživatelé specifické požadavky,
které také musejí být splněny.

b) Přístup k interním obvodům nesmí být za provozu možný.
c) Jestliže je zapotřebí očistit vnější pouzdro přístroje, je třeba to provést hadříkem lehce navlhčeným čisticím

přípravkem zředěným vodou.

Oprava 
a) Tyto ochrany nesmějí být opravovány. Ochrany musejí být vyměňovány za ekvivalentní certifikovaný produkt. 

Značení  
Ochrany řady MTL7700 nesou číslo certifikátu, které je uvedené v Tabulce A (Prohlášení o shodě). Každé zařízení také
nese označení CE spolu s identifikačním číslem 1180 notifikovaného orgánu a také následující informaci:

a) Logo společnosti
b) Název a adresa společnosti
c) Název a číslo produktu
d) Certifikační čísla
e) Klasifikace nevýbušnosti (pokud existuje)
f) Schématický diagram
g) Bezpečnostní parametry
h) Rozsah teploty prostředí

Tato příručka platí pro produkty vyrobené a označené
datem v průběhu a po roce 2003.

Obr. B1: Typický štítek ochrany řady MTL7700
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Preklad prehlásenia o súlade
Záväzne prehlasujeme, že výrobky série MTL7700 uvedené v tabuľke A (pozrite predný list prebalu), na ktoré
sa toto prehlásenie vzťahuje, zodpovedajú požiadavkám nižšie uvedených smerníc v súlade s vymenovanými
normami:

Tabguľka A (pozrite predný list prebalu)
Poznámky vzťahujúce sa na označenie CE:
√ = Výrobok spĺňa danú smernicu  
• = Nevyžaduje sa, aby výrobok spĺňal danú smernicu

1. Smernica Rady 89/336/EHS o elektromagnetickej kompatibilite EN 61326 (Príloha A priemyselné miesta)
(Jednotky s dátumovými kódmi nižšími ako 0127 sú v súlade so všeobecnými normami EN 50081 časť 2 a 
EN 50082 časť 2 namiesto EN 61326)

2. Smernica Rady 73/23/EHS (o nízkom napätí) v znení zmien a doplnení 93/68/EHS, týkajúca sa bezpečnosti
výrobkov. EN 61010-1

3. Smernica Rady 94/9/ES (Smernica ATEX) vzťahujúca sa na zariadenia a ochranné systémy určené na použitie v
potenciálne výbušných prostrediach. EN 50014, EN 50020

Orgán zodpovedný za vydávanie certifikátov Cat 1 alebo 2 ATEX:

Baseefa (2001) Ltd Číslo zodpovedného orgánu: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

32

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Poznámky (čísla vzťahujúce sa na čísla v tabuľke C a D)
1 Polarita

ac označuje nepolarizovanú konfiguráciu ochrany s prepojením
do hviezdy.

2 Konfigurácie obvodu
a Jednokanálová ochrana.
a1 Prvý kanál dvoj/trojkanálovej ochrany.
a2 Druhý kanál dvoj/trojkanálovej ochrany.
a3 Tretí kanál dvoj/trojkanálovej ochrany.
b Oba kanály dvojkanálovej ochrany prepojené paralelne s

ohľadom na uzemnenie.
b1 Dva kanály trojkanálovej ochrany prepojené paralelne s

ohľadom na uzemnenie.
b2 Tri kanály trojkanálovej ochrany prepojené paralelne s

ohľadom na uzemnenie.

b3 Oba kanály každého prepínacieho vstupu navzájom
prepojené.

c Oba kanály dvojkanálovej ochrany navzájom prepojené
bez spätného uzemňovacieho vedenia alebo ľubovoľný pár
kanálov štvorkanálovej ochrany navzájom prepojený bez
spätného uzemňovacieho vedenia.

c1 Dva kanály trojkanálovej ochrany navzájom prepojené bez
spätného uzemňovacieho vedenia.

c2 Tri kanály trojkanálovej ochrany navzájom prepojené bez
spätného uzemňovacieho vedenia Predpokladom je, že
dva z kanálov sú paralelné.

3 Ak externý obvod neobsahuje sústredenú indukciu väčšiu než
10 mH, indukčný odpor kábla je možné zvýšiť na hodnoty v
zátvorkách.

4 Zodpovedajúci výkon.
5 Nepovolené.

Poznámky vzťahujúce sa na tabuľky zadného listu prebalu

Tabuľka B – Bezpečnostné údaje
* Ta = 65 °C 
† Vzájomne prepojené terminály 3 a 7

Tabuľka C – Maximálne parametre káblov – skupina plynov IIC

Tabuľka D – Maximálne parametre káblov – skupina plynov IIB
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Bezpečnostné inštrukcie ATEX pre 
sériu MTL7700

Bezpečnostné diódové ochrany

Nasledovné informácie sú v súlade so základnými požiadavkami na zdravie a bezpečnosť (Príloha II) smernice EÚ
94/9/ES [Smernica ATEX – bezpečnosť zariadení] a vzťahujú sa na miesta s použiteľnosťou smernice ATEX.

Všeobecné
a) Rovnako ako všetky ostatné elektrické zariadenia inštalované v nebezpečných oblastiach, aj toto zariadenie musí

inštalovať, obsluhovať a udržiavať kompetentný pracovník. Takáto obsluha musí byť odborne vyškolená a musí sa
zoznámiť s inštrukciami, ktoré sa týkajú rôznych typov ochrany a inštalačnými postupmi, príslušnými predpismi a
nariadeniami, ako aj všeobecnými princípmi klasifikácie oblastí. Pravidelne musia prebiehať aktualizačné školenia.
[Pozrite doložku 4.2 normy EN 60079-17].

b) Zariadenie spĺňa požiadavky na pridružené elektrické zariadenia v súlade s normami EN 50020 a EN50014.
c) Zariadenie tiež spĺňa požiadavky na ochranu v súlade s normou EN 50021.
d) Zariadenie zabezpečuje ochranu proti všetkým ďalším rizikám uvedeným v prílohe II smernice, napr. v doložke 1.2.7.

Inštalácia
a) Inštalácia musí byť realizovaná v súlade s príslušnými európskymi, národnými a miestnymi predpismi, ktoré môžu

obsahovať odkazy na zoznam pravidiel IEC 60079-14. Okrem toho príslušné odvetvia a koncoví užívatelia môžu
mať vo vzťahu k bezpečnosti vykonania inštalácie vlastné požiadavky, ktoré je tiež nevyhnutné vziať do úvahy. Na
väčšinu inštalácií sa tiež vzťahuje smernica 1999/92/ES [Smernica ATEX – bezpečnosť inštalácie].

b) Zariadenie je združeným elektrickým zariadením s bežným spôsobom montáže v bezpečných oblastiach. Spĺňa tiež
požiadavky na zariadenia kategórie 3 a môže byť inštalované v Zóne 2 pod podmienkou, že budú splnené príslušné
podmienky inštalácie. V prípade inštalácie v Zóne 1 musí byť zariadenie vybavené puzdrom, čo poskytuje ďalší
stupeň ochrany v súlade s klasifikáciou oblasti.

c) Zariadenie nesmie byť vystavené nadmerným mechanickým otrasom ani teplotným výkyvom mimo rozsah uvedený
v certifikačnej dokumentácii, týchto bezpečnostných informáciách a špecifikáciách k výrobku. V prípade potreby je
výrobok nutné vybaviť príslušným puzdrom na ochranu pred mechanickým poškodením.

d) Výrobok nesmie byť inštalovaný v polohe, v ktorej by mohol byť poškodený agresívnymi látkami a musí byť chránený
pred nadmerným prachom, vlhkosťou a inými škodlivými látkami vhodným puzdrom.

Kontrola a údržba
a) Kontrolu a údržbu je nevyhnutné vykonávať v súlade s európskymi, národnými a miestnymi predpismi s odkazom

na normu IEC 60079-17. Okrem toho príslušné odvetvia a koncoví užívatelia môžu požadovať špecifické prístupy,
ktoré je tiež potrebné vziať do úvahy.

b) Pri prevádzke nepristupujte k vnútorným obvodom.
c) Ak je potrebné očistiť ponkajšie puzdro zariadenia, použite na to handričku zľahka navlhčenú neagresívnym

saponátom rozriedeným vodou.

Oprava 
a) Tieto ochrany sa nesmú opravovať. Ochrany je potrebné nahradiť ekvivalentným schváleným výrobkom. 

Označenie  
Ochrany série MTL7700 sú označené certifikačným číslom podľa tabuľky A (Prehlásenie o súlade). Každé zariadenie
tiež nesie označenie CE a identifikačné číslo 1180 spolu s nasledovnými informáciami:

a) logo spoločnosti
b) názov a adresa spoločnosti
c) číslo a názov výrobku
d) certifikačné číslo (čísla)
e) pôvodná klasifikácia (v prípade potreby)
f) schéma
g) bezpečnostné parametre
h) teplotný rozsah vonkajšieho prostredia

Táto príručka sa vzťahuje na produkty vyrobené v roku
2003 alebo neskôr.

Obr. B1: Typické označenie ochrany série MTL7700
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Vastavusdeklaratsiooni tõlge
Kinnitame ainuvastutajatena, et tabelis A (vaata esikaane sees olevat voldikut) toodud MTL7700-seeria tooted,
mis on selle deklaratsiooni aluseks, vastavad alltoodud direktiivide nõuetele ning ühilduvad loetletud
standarditega:

Tabel A (vaata esikaane sees olevat voldikut)
Märkused CE-markeeringu kohta:
√ = toode vastab toodud direktiivi nõuetele  
• = toode ei pea vastama toodud direktiivi nõuetele

1. Nõukogu direktiiv 89/336/EMÜ (EMC-direktiiv), seotud elektromagnetlilise ühilduvusega,
EN 61326 (lisa A, tööstuskeskkond)
(Tooted, mille kuupäevakood on varajasem kui 0127, vastavad EN 61326 asemel standarditele EN 50081 (osa 2)
ja EN 50082 (osa 2)

2. Nõukogu direktiiv 73/23/EMÜ (madalpingedirektiiv), muudetud direktiiviga 93/68/EMÜ, seotud tooteohutusega.
EN 61010-1

3. Nõukogu direktiiv 94/9/EÜ (ATEX-direktiiv), mis on seotud seadmetega ja kaitsesüsteemidega, mida kasutatakse
plahvatusohtlikus keskkonnas.

Teavitatud asutus, mis vastutab Cat 1 või 2 ATEX sertifikaatide eest:

Baseefa (2001) Ltd Teavitatud asutuse number: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Faks: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Märkused (selgitus tabelites C ja D olevate numbrite kohta)
1 Polaarsus

ac tähistab polariseerimata, täht-ühenduses olevat pingekaitse
konfiguratsiooni.

2 Vooluahela konfiguratsioonid
a Ühe kanaliga kaitse.
a1 Kahe/kolme kanaliga kaitse esimene kanal.
a2 Kahe/kolme kanaliga kaitse teine kanal.
a3 Kahe/kolme kanaliga kaitse kolmas kanal.
b Kahe kanaliga kaitse mõlemad kanalid on

paralleelühenduses, maa suhtes.
b1 Kolme kanaliga kaitse kaks kanalit on paralleelühenduses,

maa suhtes.
b2 Kolme kanaliga kaitse kolm kanalit on paralleelühenduses,

maa suhtes.

b3 Sisendite mõlemad kanalid on kokku ühendatud.
c Kahe kanaliga kaitse mõlemad kanalid on ühendatud ilma

maanduseta või 4 kanaliga kaitse üks kanalipaar on
ühendatud ilma maanduseta.

c1 Kolme kanaliga kaitse kaks kanalit on ühendatud ilma
maanduseta.

c2 Kolme kanaliga kaitse kolm kanalit on ühendatud ilma
maanduseta. Selle eelduseks on see, et kaks kanalit on
paralleelühenduses.

3 Kui välisahela keskmestatud induktiivsus on alla 10 mH, võib
kaabli induktiivsust suurendada sulgudes oleva väärtuse võrra.

4 Sobitatud võimsus.
5 Keelatud.

Märkused tagakaane sees olevate tabelite kohta

Tabel B - ohutuskirjeldused
* Ta = 65°C
† Liidesed 3 ja 7 on omavahel ühendatud

Tabel C - kaabli maksimaalsed parameetrid - IIC gaasirühm

Tabel D - kaabli maksimaalsed parameetrid - IIB gaasirühm
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ATEX-ohutusjuhised 
MTL7700 -seeria

šunt-diood pingekaitsmete jaoks

Alltoodud info vastab Euroopa Liidu direktiivi 94/9/EÜ [ATEX-direktiiv - seadme ohutus] olulistele tervise- ja
ohutusnõuetele ning kehtib nendes kohtades, kus ATEX-direktiiv on kohaldatav.

Üldinfo
a) Samamoodi kui teiste elektriliste seadmete puhul, mis paigaldatakse ohtlikku keskkonda, peab ka käesoleva

seadme paigaldama, seda kasutama ja hooldama ainult vastava koolituse saanud isik. See isik peab olema saanud
vastava koolituse, mis hõlmab erinevaid kaitse- ja paigaldusviise, vastavaid eeskirju ja määrusi ning üldiseid
printsiipe. Samuti peab regulaarselt läbima korduskoolitusi. [Vaata EN 60079-17 punkti 4.2].

b) See seade vastab seotud elektriliste seadmete nõuetele, vastavalt standarditele EN 50020 ja EN50014.
c) See seade vastab ka standardi EN 50021 kaitsenõuetele.
d) Käesolev seade pakub kaitset kõikide seotud lisaohtude vastu, mis on kirjeldatud direktiivi lisas II, punktis 1.2.7.

Paigaldamine
a) Paigaldus peab vastama asjakohastele Euroopa, riiklikele ja kohalikele eeskirjadele, mis võivad sisaldada viiteid IEC

tegevusjuhisele IEC 60079-14. Lisaks võib teatud valdkondades või lõppkasutajatel olla spetsiaalseid nõudeid
ohutuse ja paigaldamise kohta - ka neid nõudeid peab täitma. Samuti kehtib enamuse paigaldiste jaoks ka direktiiv
1999/92/EÜ [ATEX direktiiv - paigaldusohutus].

b) Käesolev seade on seotud elektriline seade ning installeeritakse tavajuhul ohutusse kohta. Seade vastab ka
kategooria 3 seadmete nõuetele ning seda võib paigaldada 2. tsooni nõuetele vastavasse kohta, tingimusel, et
vastavad paigaldustingimused on täidetud. 1. tsooni asukohta paigaldamisel peab seade olema varustatud kaitsega,
mis tagab vastava ala klassifikatsioonile vastava kaitse.

c) Käesolev seadet ei tohi paigaldada kohta, kus mehaanilised või termomõjud ületavad sertifitseerimis-
dokumentatsioonis, käesolevas ohutusinfos ja toote andmetes toodud näitajaid. Seade peab olema kaitstud
mehaaniliste vigastuste eest.

d) Seadet ei tohi paigaldada kohta, kus seda võivad mõjutada söövitavad ained, ning seda peab kaitsma tolmu,
niiskuse ja muude samalaadsete ainete eest kaitsekestaga.

Kontrollimine ja hooldus
a) Seadme kontrollimine ja hooldus peab vastama Euroopa, riiklikele ja kohalikele eeskirjadele, mis võivad sisaldada

viiteid IEC tegevusjuhisele IEC 60079-17. Lisaks võib teatud valdkondades või lõppkasutajatel olla spetsiaalseid
nõudeid - ka neid nõudeid peab täitma.

b) Seadme toimimise ajal ei tohi puudutada seadme seesmise vooluahela osi.
c) Kui on vaja puhastada seadme väliskorpust, siis kasutage selleks riidelappi, mida on kergelt niisutatud

puhastusvahendi lahja vesilahusega.

Parandamine 
a) Neid pingekaitsmeid ei saa parandada. Viga saanud kaitse tuleb vahetada välja samaväärse sertifitseeritud tootega. 

Markeeringud  
MTL7700-seeria pingekaitsmed kannavad tabelis A (vastavusdeklaratsioon) toodud sertifikaadinumbrit. Igal seadmel on
ka CE-markeering koos teavitatud asutuse identifitseerimisnumbriga 1180 ning järgmine info:

a) Ettevõtte logo
b) Ettevõtte nimi ja aadress
c) Toote number ja nimi
d) Sertifikaadi number(numbrid)
e) Ex-klassifikatsioon (kui on vajalik)
f) Vooluahela skeem
g) Ohutusparameetrid
h) Töökeskkonna temperatuurivahemik

Käesolev juhend kehtib toodete kohta, mis on toodetud
ja markeeritud aastal 2003 või hiljem.

Joonis B1: tüüpiline MTL7700-seeria pingekaitsme silt
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Atbilstības deklarācijs tulkojums
Ar pilnu mūsu atbildību deklarējam, ka A tabulā uzskaitītie MTL7700 sērijas izstrādājumi (skat. priekšējā vāka
salocīto ielīmi), uz ko attiecas šis paziņojums, atbilst zemāk uzskaitīto direktīvu prasībām attiecībā uz
minētajiem standartiem:

A tabula (skat. priekšējā vāka salocīto ielīmi)
Piezīmes attiecībā uz CE marķējumu:
√ = Izstrādājums atbilst norādītajai direktīvai  
• = Izstrādājuma atbilstība norādītajai direktīvai nav nepieciešama

1. Padomes direktīva 89/336/EEC (EMC direktīva) attiecībā uz elektromagnētisko savietojamību,
EN 61326 (A pielikuma rūpnieciskie rajoni)
(Vienības ar datuma kodiem līdz 0127 atbilst vispārējiem standartiem EN 50081 2. daļai un EN 50082 2. daļai 
standarta EN 61326 vietā)

2. Padomes direktīva 73/23/EEC (zemsprieguma direktīva), papildināta ar 93/68/EEC, attiecībā uz izstrādājumu
drošību. EN 61010-1

3. Padomes direktīva 94/9/EC (ATEX direktīva) attiecībā uz iekārtām un aizsargsistēmām, kas paredzētas lietošanai
potenciāli eksplozīvās atmosfērās. EN 50014, EN 50020

Informētā padome, kas atbildīga par 1. vai 2. kategorijas ATEX sertifikātiem:

Baseefa (2001) Ltd Informētās padomes numurs: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ

Telefons: +44 (0)1582 723633   Fakss: +44 (0)1582 422283
www.mtl-inst.com29/04/2003

Piezīmes (skaitļi attiecas uz skaitļiem C un D tabulā)
1 Polaritāte

ac apzīmē nepolarizētu, zvaigznē savienotu, barjeras
konfigurāciju.

2 Shēmas konfigurācijas
a Vienkanāla barjera.
a1 Div-/trīskanālu barjeras pirmais kanāls.
a2 Div-/trīskanālu barjeras otrais kanāls.
a3 Div-/trīskanālu barjeras trešais kanāls.
b Abi divkanālu barjeras kanāli savienoti paralēli attiecībā

pret zemi.
b1 Divi trīskanālu barjeras kanāli savienoti paralēli attiecībā

pret zemi.
b2 Trīs trīskanālu barjeras kanāli savienoti paralēli attiecībā

pret zemi.

b3 Abi katra pārslēga ievada kanāli savienoti kopā.
c Abi divkanālu barjeras kanāli savstarpēji savienoti bez

iezemējuma, vai arī jebkurš no 4-kanālu barjeras kanālu
pāriem savstarpēji savienots bez iezemējuma.

c1 Divi trīskanālu barjeras kanāli savstarpēji savienoti bez
iezemējuma.

c2 Trīs trīskanālu barjeras kanāli savstarpēji savienoti bez
iezemējuma. Ar to tiek pieņemts, ka divi no kanāliem
atrodas paralēli.

3 Ja ārējā ķēde nesatur nevienu lielāku koncentrēto induktivitāti
par 10mH, tad kabeļa induktivitāti var palielināt līdz iekavās
dotajām vērtībām.

4 Pieskaņotā jauda.
5 Nav atļauts.

Piezīmes par tabulām aizmugures vāka salocītajā ielīmē

B tabula - Drošības raksturojums
* T = 65°C 
† 3. un 7. termināli savienoti kopā

C tabula - Maksimālie kabeļa parametri - IIC gāzes grupa

D tabula - Maksimālie kabeļa parametri - IIB gāzes grupa
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ATEX drošības noteikumi attiecībā uz 
MTL7700 sērijas

šuntējošās diodes drošības barjerām

Tālākā informācija ir saskaņā ar Eiropas Savienības direktīvas 94/9/EC [ATEX direktīvas - aparātu drošība] Būtiskajām
veselības un drošības prasībām (II papildinājums), un tiek sniegta attiecībā uz tiem rajoniem, kuros ir spēkā ATEX
direktīva.

Vispārīgie noteikumi
a) Tāpat kā visus citus elektriskos aparātus, kas uzstādīti bīstamās zonās, šo aparātu drīkst uzstādīt, darbināt un

apkalpot vienīgi kompetents personāls. Šādām personālam jābūt izgājušam apmācību, kas ietvērusi instruktāžu par
dažādu veidu aizsardzības un uzstādīšanas praksēm, svarīgajiem noteikumiem un par zonu klasifikācijas
vispārīgiem principiem. Regulāri jāveic atbilstoša atkārtota apmācība. [Skat. EN 60079-17 direktīvas 4.2 pantu].

b) Šis aparāts atbilst saistīto elektrisko aparātu prasībām saskaņā ar EN 50020 un EN50014.
c) Šis aparāts atbilst arī 'n' aizsardzības prasībām saskaņā ar EN 50021.
d) Šis aparāts nodrošina aizsardzību pret visiem nozīmīgajiem papildus riskiem minētajiem direktīvas II papildinājumā,

piem., minētajiem 1.2.7. pantā.

Uzstādīšana
a) Uzstādīšana jāveic atbilstoši Eiropas, nacionālajiem un vietējiem noteikumiem, kas var ietvert atsauci uz IEC 60079-

14 prakses IEC kodu. Turklāt konkrētām nozarēm vai gala patērētājiem var būt specifiskas prasības attiecībā 
uz uzstādīšanas drošību, kas tādā gadījumā arī jāievēro. Attiecībā uz lielāko daļu uzstādīšanu jāievēro arī 
1999/92/EC direktīva [ATEX direktīva - uzstādīšanas drošība].

b) Šis aparāts ir asociētais elektriskais aparāts, un parasti tiek uzmontēts nebīstamā [drošā] zonā. Tas atbilst arī 3.
kategorijas aparātu prasībām, un var tikt uzstādīts 2. zonas rajonos ar noteikumu, ka tiek ievēroti svarīgie
uzstādīšanas nosacījumi. Ja aparātu paredzēts uzmontēt 1. zonas rajonā, aparāts jāpiegādā kopā ar korpusu, 
kas nodrošina papildu aizsardzības pakāpi atbilstoši klasifikācijas zonai.

c) Šo aparātu nedrīkst pakļaut mehāniskām un termiskām slodzēm, kas pārsniedz sertifikācijas dokumentācijā, šajos
drošības noteikumos un izstrādājuma specifikācijā atļautās. Ja nepieciešams, izstrādājums jāaizsargā ar korpusu,
kas novērš mehāniskus bojājumus.

d) Aparātu nedrīkst uzstādīt vietā, kur tas var tikt pakļauts dažādu iedarbīgu vielu saārdīšanai, un ar korpusu jāaizsargā
no pārmērīga putekļa daudzuma, mitruma un citiem kontaminantiem.

Pārbaude un apkalpošana
a) Pārbaude un apkalpošana jāveic saskaņā ar Eiropas, nacionālajiem un vietējiem noteikumiem, kas var ietvert

atsauci uz IEC standartu IEC 60079-17. Turklāt specifiskām nozarēm vai gala patērētājiem var būt specifiskas
prasības, kas tādā gadījumā arī jāievēro.

b) Iekšējās shēmas apskati aizliegts veikt darbības laikā.
c) Aparāta ārējo korpusu drīkst tīrīt ar drāniņu, kas nedaudz samitrināta ūdenī atšķaidītā mazgāšanas līdzeklī.

Remonts 
a) Šīs barjeras aizliegts remontēt. Barjera jānomaina ar ekvivalentu sertificētu izstrādājumu. 

Marķējums  
MTL7700 sērijas barjeras ir marķētas ar A tabulā (atbilstības paziņojumā) minēto sertifikāta numuru. Visas ierīces ir
marķētas ar CE marķējumu un Informētās padomes identifikācijas numuru 1180, un uz tām ir šāda informācija:

a) Uzņēmuma logotips
b) Uzņēmuma nosaukums un adrese
c) Izstrādājuma numurs un nosaukums
d) Sertifikāta numurs(-i)
e) Pēcklasifikācija (ja piemērojama)
f) Shematiskā diagramma
g) Drošības raksturojuma parametri
h) Apkārtējās vides temperatūras diapazons

Šī pamācība ir spēkā attiecībā uz izstrādājumiem, kas
ražoti un datēti 2003. gadā vai vēlāk.

B1. zīmējums: Tipiska MTL7700 sērijas barjeras etiķete
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Atitikties deklaracijos vertimas
Prisiimdami visą atsakomybę pareiškiame, kad MTL7700 serijos gaminiai, pateikti A lentelėje (žr. priekinio
viršelio sulankstomą psl.), su kuriais yra susijusi ši deklaracija, atitikdami nurodytus standartus taip pat
atitinka ir toliau išvardytų direktyvų nuostatas:

A lentelė (žr. priekinio viršelio sulankstomą psl.)
Pastabos dėl CE ženklinimo
√ = Gaminys atitinka nurodytos direktyvos nuostatas  
• = Nereikalaujama, kad gaminys atitiktų nurodytos direktyvos nuostatas

1. Tarybos direktyva 89/336/EEB (EMS direktyva), susijusi su elektromagnetiniu suderinamumu, 
EN 61326 (A priedas – pramoninės vietos)
(prietaisai, ant kurių nurodytas kodas iki 0127 datos, atitinka bendruosius standartus EN 50081 (2 dalis) ir 
EN 50082 (2 dalis), o ne EN 61326 standartą)

2. Tarybos direktyva 73/23/EEB (Žemos įtampos direktyva), iš dalies pakeista Direktyva 93/68/EEB (susijusi su
gaminio sauga). EN 61010-1

3. Tarybos direktyva 94/9/EB (ATEX direktyva) dėl potencialiai sprogioje aplinkoje naudojamos įrangos ir apsaugos
sistemų. EN 50014, EN 50020

Įgaliota institucija, atsakinga už 1 arba 2 kategorijos ATEX sertifikatus

Baseefa (2001) Ltd Įgaliotos institucijos numeris: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel. +44 (0)1582 723633   Faks. +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Pastabos (skaičiai pateikti pagal skaičius lentelėse C ir D)
1 Poliškumas

„ac“ reiškia nepoliarizuotą, žvaigždiniu būdu sujungtą
apsauginių įtaisų konfigūraciją.

2 Grandinių konfigūracijos
a Vienakanalis apsauginis įtaisas.
a1 Dvikanalio / trikanalio apsauginio įtaiso pirmasis kanalas.
a2 Dvikanalio / trikanalio apsauginio įtaiso antrasis kanalas.
a3 Dvikanalio / trikanalio apsauginio įtaiso trečiasis kanalas.
b Abu dvikanalio apsauginio įtaiso kanalai sujungti žemės

atžvilgiu lygiagrečiai.
b1 Du trikanalio apsauginio įtaiso kanalai sujungti žemės

atžvilgiu lygiagrečiai.
b2 Trys trikanalio apsauginio įtaiso kanalai sujungti žemės

atžvilgiu lygiagrečiai.

b3 Abu kiekvieno perjungiklio kanalai sujungti kartu.
c Abu dvikanalio apsauginio įtaiso kanalai sujungti

tarpusavyje be grįžimo žeme, bet kuri keturkanalio
apsauginio įtaiso kanalų pora sujungta tarpusavyje be
grįžimo žeme.

c1 Du trikanalio apsauginio įtaiso kanalai sujungti tarpusavyje
be grįžimo žeme.

c2 Trys trikanalio apsauginio įtaiso kanalai sujungti
tarpusavyje be grįžimo žeme. Tai reiškia, jog du iš šių
kanalų yra lygiagretūs.

3 Kai išorinėje grandinėje nėra sutelktojo induktyvumo (didesnio
nei 10mH), kabelio induktyvumą gali tekti padidinti iki verčių,
nurodytų skliaustuose.

4 Atitinkama galia.
5 Neleidžiama.

Pastabos dėl lentelių, esančių užpakalinio viršelio sulankstomame psl.

B lentelė – Saugos aprašai
* Ta – 65°C 
† 3 ir 7 gnybtai sujungti tarpusavyje

C lentelė – Didžiausi kabelio parametrai – IIC grupės dujos

D lentelė – Didžiausi kabelio parametrai – IIB grupės dujos
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MTL7700 serijos šuntuojamųjų 
diodinių apsauginių įtaisų 
ATEX saugos instrukcija

Toliau pateikta informacija atitinka ES direktyvos 98/9/EB [ATEX direktyva – prietaisų sauga] esminius sveikatos
apsaugos ir saugos reikalavimus (II priedas). Ši informacija skirta taikyti vietose, kurios patenka į ATEX direktyvos
taikymo sritį.

Bendroji informacija
a) Kaip ir visus kitus elektros prietaisus, montuojamus pavojingose vietose, šį prietaisą montuoti, naudoti ir prižiūrėti gali

tik kompetentingi darbuotojai. Tokie darbuotojai turi būti baigę mokymo kursus, kuriuose susipažino su įvairiais
apsaugos ir montavimo būdais, atitinkamomis taisyklėmis, reglamentais bei bendraisiais srities klasifikavimo
principais. Turi būti reguliariai organizuojami atitinkami žinių atnaujinimo kursai. [Żr. EN 60079-17 standarto punktą 4.2].

b) Šis prietaisas atitinka reikalavimus dėl pagalbinių elektros prietaisų pagal EN 50020 ir 50014 standartus.
c) Šis prietaisas taip pat atitinka „n“ tipo saugos reikalavimus pagal EN 50021 standartą.
d) Šis prietaisas yra apsaugotas nuo visų atitinkamų papildomų pavojų, nurodytų direktyvos II priede, pvz., tokių, kurie

įvardyti 1.2.7 punkte.

Montavimas
a) Montuojant privaloma laikytis atitinkamų Europos, nacionalinių ir vietinių taisyklių, kuriose gali būti pateiktos

nuorodos į IEC (Tarptautinės elektrotechnikos komisijos) praktinį kodeksą IEC 60079-14. Be to, gali būti ir specialių
reikalavimų, susijusių su tam tikromis pramonės sritimis arba nustatytų tam tikrų galutinių vartotojų. Tokių reikalavimų
taip pat būtina laikytis. Daugeliu montavimo atvejų taip pat būtina laikytis ir Direktyvos 1999/92/EB [ATEX direktyva
– įrenginių sauga] nuostatų.

b) Šis prietaisas – tai pagalbinis elektros prietaisas. Paprastai jis montuojamas nepavojingoje [saugioje] zonoje. Jis taip
pat atitinka reikalavimus, keliamus 3 kategorijos prietaisams ir gali būti montuojamas 2 zonai priskirtoje vietoje, jei
laikomasi visų montavimo sąlygų. Jeigu šis prietaisas montuojamas vietoje, priskirtoje 1 zonai, būtina įrengti dėžutę
(korpusą), užtikrinančią papildomą ir pakankamą apsaugą tos klasifikacijos zonoje.

c) Būtina užtikrinti, kad šio prietaiso neveiks mechaninė arba terminė apkrova, viršijanti leidžiamą sertifikavimo
dokumentuose, šiame saugos informacijos dokumente ir gaminio specifikacijoje nurodytą apkrovą. Jei reikia, šis
gaminys turi būti apsaugotas įrengiant dėžutę (korpusą), kad būtų išvengta galimų mechaninių pažeidimų.

d) Šį prietaisą draudžiama montuoti vietoje, kur jį galėtų neigiamai paveikti agresyvios medžiagos. Prietaisą būtina
montuoti dėžutėje (korpuse) ir taip apsaugoti jį nuo dulkių, drėgmės ar teršalų poveikio.

Tikrinimas ir priežiūra
a) Tikrinimo ir priežiūros darbai turi būti atlikti laikantis visų Europos, nacionalinių ir vietinių reglamentų, kuriuose gali

būti pateikta nuoroda į IEC (Tarptautinės elektrotechnikos komisijos) standartą IEC 60079-17. Be to, gali būti ir
specialių reikalavimų, susijusių su tam tikromis pramonės sritimis arba nustatytų tam tikrų galutinių vartotojų. Tokių
reikalavimų taip pat būtina laikytis.

b) Naudojimo metu draudžiama atidengti vidinį prietaiso grandyną.
c) Jei prietaiso išorinę dėžutę reikia nuvalyti, tai daryti reikėtų šluoste, šiek tiek sudrėkinta valiklio ir vandens tirpalu.

Remontas 
a) Šie apsauginiai įtaisai neremontuojami. Netinkamas naudoti apsauginis įtaisas turi būti pakeistas lygiaverčiu

sertifikuotu gaminiu. 

Ženklinimas  
Ant MTL7700 serijos apsauginių įtaisų pateiktas sertifikato numeris, kaip tai nurodyta A lentelėje (atitikties deklaracija).
Kiekvienas prietaisas taip pat paženklintas CE žyma nurodant įgaliotos institucijos numerį (1180) ir pateikiant tokią
informaciją:

a) bendrovės logotipą
b) bendrovės pavadinimą ir adresą
c) gaminio numerį ir pavadinimą
d) sertifikato (-ų) numerį (-ius)
e) „Ex“ klasifikaciją (jei reikia)
f) scheminę diagramą
g) aprašomuosius saugos parametrus
h) leidžiamos aplinkos temperatūros ribas

Ši instrukcija tinka gaminiams, pagamintiems 2003 m.
arba vėliau (žr. ant prietaiso pažymėtą datą).

B1 paveikslėlis. Užrašų ant MTL7700 apsauginio įtaiso etiketės pavyzdys

39ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1664 of 2133



Traduzzjoni tad-Dikjarazzjoni ta' Konformità
Niddikjaraw ta¢t ir-responsabbiltà unika tag¢na li s-Serje ta’ prodotti MTL7700 elenkati f’Tabella A  (ara quddiem, tal-
qoxra li tiltewa ‘l barra), li mag¢hom hi relatata din id-dikjarazzjoni, jikkonfoormaw mal-kundizzjonijiet tad-Direttivi li
jissemmew hawn ta¢t skond l-istandards elenkati:

Tabella A (ara quddiem, tal-qoxra li tiltewa 'l barra)
Noti relatati ma' l-Immarkar CE:

√ = Il-prodott jikkonforma mad-Direttiva indikata  
• = Il-Prodott mhux obbligat li jikkonforma mad-Direttiva indikata

1. Id-Direttiva tal-Kunsill 89/336/KEE (Id-Direttiva EMC) relatata mal-Kompatibbiltà Elettro-Manjetika,
EN 61326 (Anness A postijiet industrijali)
(Unitajiet b'kodiƒi tad-data qabel iΔ-0127 jikkonformaw ma’ l-istandards ¿eneriƒi EN 50081 Parti 2 u EN 50082
Parti 2 minflok ma’ EN 61326).

2. Id-Direttiva tal-Kunsill 73/23/KEE (Id-Direttiva dwar il-Vulta¿¿ Baxx), emendata b'93/68/KEE, relatata mas-Sigurtà
tal-Prodott. EN 61010-1

3. Id-Direttiva tal-Kunsill 94/9/KE (Id-Direttiva ATEX) relatata ma’ tag¢mir u sistemi protettivi intenzjonati g¢all-uΔu
f’atmosfera potenzjalment esploΔiva. EN 50014, EN 50020

Korp responsabbli li ¿ie nnotifikat g¢aƒ-¥ertifikati ATEX Cat 1 jew 2:

Baseefa (2001) Ltd Numru tal-Korp li ¿ie nnotifikat: 
Health & Safety Laboratory Site 1180
Harpur Hill
Buxton
Derbyshire
SK17 9JN

40

Measurement Technology Limited
Power Court, Luton, Bedfordshire, England, LU1 3JJ
Tel: +44 (0)1582 723633   Fax: +44 (0)1582 422283

www.mtl-inst.com29/04/2003

Noti (numri relatati man-numri f'C u D)
1 Polarità

ac tindika konfigurazzjoni barriera, konnessjoni stilla, non-
polarizzata.

2 Konfigurazzjonijiet taƒ-ƒirkwit
a Barriera b'kanal wie¢ed.
a1 L-ewwel kanal ta' barriera b'kanal doppju/triplu.
a2 It-tieni kanal ta' barriera b'kanal doppju/triplu.
a3 It-tielet kanal ta' barriera b'kanal doppju/triplu.
b IΔ-Δew¿ kanali ta’ barriera b’kanal doppju konnessi b’mod

parallel, fir-rigward ta’ l-ert.
b1 ∫ew¿ kanali ta’ barriera b’kanal triplu konnessi b’mod

parallel, fir-rigward ta’ l-ert.
b2 Tliet kanali ta’ barriera b’kanal triplu konnessi b’mod

parallel, fir-rigward ta’ l-ert.

b3 IΔ-Δew¿ kanali ta’ kull swiƒƒ tad-d¢ul konnessi flimkien.
c IΔ-Δew¿ kanali ta’ barriera b’kanal doppju interkonnessi

ming¢ajr "return" ta’ l-ert jew, xi wieed mill-pari tal-kanali ta’
barriera b’4 kanali interkonnessi, ming¢ajr "return" ta’ l-ert.

c1 ∫ew¿ kanali ta’ barriera b’kanal triplu interkonnessi,
ming¢ajr "return" ta’ l-ert.

c2 Tliet kanali ta’ barriera b’kanal triplu interkonnessi,
ming¢ajr "return" ta’ l-ert. Din tassumi li tnejn mill-kanali
huma b'mod parallel.

3 Meta ƒ-ƒirkwit estern ma jkunx fih d¢ul f'daqqa akbar minn
10mH, id-d¢ul tal-kejbil jista’ ji¿i miΔjud g¢all-valuri fil-parentesi.

4 Alimentazzjoni mqabbla ("Matched Power").
5 Mhux permess.

Noti relatati mat-tabelli fuq wara, tal-qoxra li tiltewa 'l barra

Tabella B - Deskrizzjonijiet tas-sigurtà
* Ta = 65°C 
† Terminali 3 u 7 konnessi flimkien

Tabella C - Parametri massimi tal-kejbil - grupp tal-gass IIC

Tabella D - Parametri massimi tal-kejjbil - grupp tal-gass IIB
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Struzzjonijiet tas-Sigurtà ta' l-ATEX g¢as- 
Serje MTL7700

Barrieri tas-Sigurtà "Shunt Diode"

L-informazzjoni segwenti hi skond il-Kundizzjonijiet Essenzjali dwar is-Sa¢¢a u s-Sigurtà (Anness II) tad-Direttiva ta’ l-
UE 94/9/KE [Id-Direttiva ATEX – sigurtà ta' l-apparat] u hi pprovduta gal dawk il-postijiet fejn id-Direttiva ATEX hi
applikabbli.

¡enerali
a) B¢al kull apparat ie¢or ta' l-elettriku li jii installat f’oni ta’ periklu, dan l-apparat je¢tie li jii installat, im¢addem u

mantenut biss minn persuni kompetenti. Dawn il-persuni je¢tie¿ li jkunu ng¢ataw ta¢ri¿, li jkun inkluda struzzjonijiet
dwar it-tipi varji ta’ protezzjoni u prattiƒi ta’ installazzjoni, ir-regoli u regolamenti relevanti, u dwar il-prinƒipji ¿enerali
tal-klassifikazzjoni tal-qasam. G¢andu jing¢ata ta¢ri¿ ta’ a¿¿ornament adatt fuq baΔi regolari. [Ara klawsola 4.2 ta'
EN 60079-17].

b) Dan l-apparat hu skond il-kundizzjonijiet ta’ apparat ta’ l-elettriku assoƒjat skond EN 50020 u EN50014.
c) Dan l-apparat hu wkoll skond il-kundizzjonijiet ta’ protezzjoni ‘n’ skond EN 50021.
d) Dan l-apparat jipprovdi protezzjoni kontra l-perikli addizzjonali relevanti kollha imsemmija fl-Anness II tad-direttiva,

b¢alma huma dawk fi klawsola 1.2.7.

Installazzjoni
a) L-installazzjoni trid tikkonforma mar-regolamenti Ewropej, nazzjonali u lokali adatti, li jistg¢u jinkludu referenza g¢all-

kodiƒi tal-prattika IEC 60079-14. B’Δieda ma’ dan, industriji partikolari jew l-utenti finali jista’ jkollhom kundizzjonijiet
speƒifiƒi relatati mas-sigurtà ta’ l-istallazzjoni tag¢hom u dawn il-kundizzjonijiet g¢andhom ji¿u osservati wkoll. G¢all-parti
l-kbira ta’ l-installazzjonijiet, id-Direttiva 1999/92/KE [id-Direttiva ATEX - sigurtà fl-installazzjonijiet] hi applikabbli wkoll.

b) Dan l-apparat hu apparat ta' l-elettriku assoƒjat u normalment jintrama f'Δona fejn m’hemmx periklu. Dan l-apparat
huwa wkoll skond l-obbligazzjonijiet ta' apparat ta' Kategorija 3 u jista' jkun installat f'post ta' ∫ona 2 sakemm il-
kundizzjonijiet relevanti ta’ l-installazzjonijiet ikunu osservati. Meta armat f'post ta’ ∫ona 1, l-apparat irid jing¢alaq,
sabiex ikollu aktar protezzjoni kif jixraq g¢al dan il-qasam ta’ klassifikazzjoni.

c) Dan l-apparat m’g¢andux ikun so¿¿ett g¢al stress mekkaniku u termiku aktar minn kemm permess fid-dokumenti
taƒ-ƒertifikazzjoni, f'din l-informazzjoni tas-sigurtà u fl-ispeƒifikazzjoni tal-prodott. Jekk ikun neƒessarju l-prodott
g¢andu ji¿i protett billi jing¢alaq ¢alli ma ssirlux ¢sara mekkanika.

d) Dan l-apparat m'g¢andux ikun installat f’poΔizzjoni fejn ikun jista' ji¿i attakkat minn sostanzi agressivi u je¢tie¿ li jkun
protett minn trab eƒƒessiv, indewwa u kontaminanti o¢ra billi jing¢alaq.

Spezzjonijiet u manutenzjoni
a) L-ispezzjonijiet u l-manutenzjoni g¢andhom isiru skond ir-regolamenti Ewropej, nazzjonali u lokali li jistg¢u jirreferu

g¢all-istandards IEC 60079-17. Barra minn hekk, industriji speƒifiƒi jew utenti finali jista’ jkollhom kundizzjonijiet
speƒifiƒi li g¢andhom ji¿u osservati wkoll.

b) M’g¢andux ikun hemm aƒƒess g¢aƒ-ƒirkwit intern waqt it-t¢addim.
c) Jekk barra ta’ fejn jii mag¢luq l-apparat ikollu bΔonn jitnaddaf, dan g¢andu jsir b’biƒƒa mxarrba ¢afif, f’ta¢lita

b’konƒentrazzjoni baxxa ta’ deter¿ent u ilma.

Tiswija 
a) Dawn il-barrieri m’g¢andhomx jissewwew. Kull barriera g¢andha ti¿i sostitwita bi prodott ekwivalenti li jkun iƒƒertifikat.

Immarkar  
Is-Serje ta’ barrieri MTL7700 fihom numru taƒ-ƒertifikat kif imsemmi f’aktar dettall f’Tabella A (Dikjarazzjoni ta’
Konformità). Kull o¿¿ett fih ukoll il-marka CE bin-Numru ta’ Identifikazzjoni tal-Korp li ¿ie Notifikat li hu 1180, u fih 
l-informazzjoni segwenti:

a) Logo tal-Kumpanija
b) Isem u Indirizz tal-Kumpanija
c) Numru u Isem tal-Prodott
d) Numru(i) taƒ-¥ertifikat
e) Ex Klassifikazzjoni (jekk applikabbli)
f) Dijagramma skematika
g) Parametri tad-deskrizzjoni ta' sigurtà
h) Firxa tat-temperatura ambjentali

Dan il-manwal japplika g¢al prodotti mmanifatturati u
mmarkati bid-data matul is-sena 2003 jew wara.

Figura B1: Tabella tipika tal-barriera tas-Serje MTL7700
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MTL7700 Series
Shunt-diode safety barriers

INM7700-6
Jan 2008

Figure 1: MTL7700 Series shunt-diode safety barriers

1 OVERVIEW

This instruction manual contains all information needed to install,
maintain, fault-find and test MTL7700 Series shunt-diode safety
barriers. 

Section 3 includes a checklist of essential safety factors that must
be considered when using MTL7700 Series barriers as intrinsically
safe (IS) interfaces between safe and hazardous areas. Read section
3 before beginning installation. Users within the European
Community should also refer to the supplied MTL publication:

INA7700 MTL7700 Series
Instructions for Safe Use

It is assumed that all necessary system design, specification and
engineering factors have been taken into account BEFORE installation
work begins. To assist pre-planning, the following MTL publications
covering the theory, design, application, specifications and
certification of shunt-diode safety barriers are available:

AN9003 Application Note: A user’s guide to
intrinsic safety

AN9007 Application Note: A user’s guide to
MTL700 Series shunt-diode safety
barriers

MTL IS catalogue The MTL IS catalogue includes detailed
specifications of all MTL7700 Series
barriers and accessories

IS certificates Copies of Baseefa, FM and CSA IS
apparatus and system certificates for
MTL7700 Series barriers

If not supplied with the product, these publications are available
either from the company website (www.mtl-inst.com) or on request
from your local MTL office.

2 DESCRIPTION

2.1 Introduction
MTL7700 Series ‘fourth-generation’ intrinsically safe shunt-diode
safety barriers are innovative successors to the MTL700 Series.

MTL7700 Series barriers are 1-, 2- or 3-channel devices that use
intrinsically safe explosion-protection techniques to pass electrical
signals between safe and hazardous areas, whilst limiting transferred
energy to a level that cannot ignite flammable atmospheres.

Connected in series with wiring entering any hazardous area on
process plant, MTL7700 Series barriers prevent explosions in all
normally occurring explosive atmospheres – including mixtures of air
with flammable gases, vapours, dusts and fibres – if a fault or faults
develop in the safe area.

2.2 MTL7700 Series – barrier ranges
The range is based on a choice of models which, between them,
cover virtually all applications – including the protection of
installations incorporating uncertified devices known as ‘simple
apparatus’ (eg, switches, thermocouples, resistive sensors, photocells
and LEDs) or separately certified ‘energy-storing’ or ‘voltage-
producing apparatus’ (eg, ac sensors, proximity detectors,
transmitters and current-to pneumatic (I/P) converters. Being
intrinsically safe, shunt-diode barriers enable maintenance work or
calibration to be carried out ‘live’ without additional precautions. To
simplify selection, several ‘key’ barriers (see table 1) are highlighted
as meeting the majority of process control requirements.
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2.3 MTL7700 Series – accessories
MTL7700 Series barriers mount directly onto DIN-rail. A
comprehensive selection of mounting, tagging, power and earthing
accessories is available. Installation details are given in section 4.3.

Essential accessories

The following are usually considered essential for mounting and
earthing MTL7700 Series barriers:

DIN-rail (eg, THR2 or THR7000)
Insulating spacers (eg, ISP7000)
Earth terminal (eg, ETL7000)

The tagging systems for individual modules and columns of barriers
are described here. They are shown below under Tagging
accessories for columns of barriers.

Mounting accessories (figure 2)

THR2 Standard DIN-rail, 35 x 7.5mm, (in 1m lengths)
THR7000 Nickel-plated DIN-rail, 35 x 7.5mm, for use in 

potentially corrosive atmospheres (in 1m lengths)
ISP7000 Insulating spacer: attaches to the base of a DIN-

rail to isolate the IS earth from a structural earth
Tagging accessories for individual barriers (figure 2)

TH7700 Tag holder for mounting on the top of an 
individual barrier

Tagging accessories for columns of barriers (figure 2)

TAG57 Tagging strips for mounting over a column of 
barriers, for marking barrier locations. Supplied 
(with labels) in 1m lengths for cutting to size.

TGL7700 Spare labels for use with TAG57 tagging strips: 
0.5m strips, supplied in sets of 10.

IMB57 Tagging strip supports. Two needed for each 
tagging strip. It can also be used as centre 
support by breaking off the top end tab. 

Power accessories (figure 3)

BPL7700 Power link for feeding 24V dc to a maximum of 
40 barriers in a single column from an MTL7798
power feed module or MTL7799 Dummy 
module.

Earthing accessories (figure 3)

ETL7000 Earth terminal providing connections for 
routeing the IS earth from the DIN-rail to an 
appropriate plant earth. Two recommended for 
each length of DIN-rail.

����� �������

�����

�����

�������

��	����

������

Figure 2: MTL7700 Series mounting and tagging accessories

Table 1: MTL7700 Series Key barriers

Type Application Key barriers
MTL

Analogue Resistance temperature detectors 7755ac

input Thermocouples, ac sensors 7756ac

(low-level) 7760ac

Analogue Controller outputs, one line earthed 7728+

output Controller outputs, neither line earthed 7787+

dc power supply

26V 20-35V

Analogue Transmitters, 2-wire, 4–20mA 7787+ 7706

input 

(high-level)

Digital Switches 7787+ 7707+

(on/off) 7741-44

input

Digital Solenoids, alarms, LEDs 7728+ 7707+

(on/off)

output

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1673 of 2133



3INM7700-6   Jan 2008

�����

�����

����������

����

��	����

����������

Figure 3: MTL7700 Series earthing accessories

Note: Module earth terminals may be used for cable
screen earth connections. See Figure 17

ERB57S Nickel-plated straight earth-rail bracket, 
supplied with two push fasteners, one 14mm 
earth-rail clamp and one 9mm earth clamp < 
16mm2.

ERB57O Nickel-plated offset earth-rail bracket, supplied 
with two push fasteners, one 14mm earth-rail 
clamp and one 9mm earth clamp < 16mm2.

ERL7 Nickel-plated 3 x 10mm earth rail supplied in 
1m lengths. Provides earthing facilities for cable 
screens and 0V earth returns, additional to those
provided on the module earth foot.

ETM7 Earth terminal (5mm wide) for attachment to an 
ERL7 earth rail, for terminating cable screens 
and spare cable cores.

3 SAFETY CONSIDERATIONS

3.1 General requirements
All installers of shunt-diode barriers should be familiar with the
installation instructions provided by nationally accepted codes of
practice, eg, BS EN 60079-14 for the UK, or a recommended
practice, eg, ANSI/ISA-RP 12.6 for the USA.

Users within the European Community should also refer to the
supplied MTL publication:

INA7700 MTL7700 Series
Instructions for Safe Use

3.2 Safety checks
Table 2 itemises the essential checks that should be carried out to
ensure the safety of a barrier installation. Use the checklist to prevent
important safety considerations being overlooked when installing,
commissioning, modifying or servicing an installation of MTL7700
Series barriers. Check the list both before and after a barrier system
has been installed, the final check being made by someone other
than the person(s) who carried out the installation work. Each item in
the list is cross-referenced to the appropriate section of the manual.

For Factory Mutual (FM) based installations see also Appendix B
for FM certification information.

4 INSTALLATION

4.1 General
MTL7700 Series barriers clamp directly onto standard T-section DIN-
rail (DIN EN 50 022). The simple mounting procedure for barriers is
described in section 4.2 and for accessories in section 4.3.

4.1.1 DIN-rail length  

BEFORE mounting the barriers, make sure the rail length is sufficient
for the proposed number of barriers and for other mounting
accessories. As a guide, on a given length of DIN-rail, allow space
(length) for:

a) Barrier packing pitch: 12.6mm
b) ETL7000 earth terminals: 10mm each (minimum 

of two)
c) IMB57 tagging strip support 16.0mm (minimum of 

(if specified) two)
d) ISP7000 insulating spacer 14.7mm (minimum of 

(if specified) two)*
e) ERB57S or O earth-rail 8 mm (minimum of two)

mounting bracket 
(if specified)

* See Note in section 4.3.2
Make sure that there is sufficient clearance between the DIN-rail and
any possible obstruction (eg, other columns of barriers) to remove
barriers and install accessories such as ERB57S/O earth rails.

Provide sufficient height for IMB57 tagging strip supports and
ISP7000 insulating spacers when fitted.

As a guide, refer to figure 4 (dimensions of an individual barrier) and
figure 5 (clearances needed for accessories).

4.2 Mounting/removing barriers
MTL7700 Series barriers clamp directly onto T-section DIN-rail,
earthing the barrier through the rail.

a) Hook the hazardous-area end of the mounting/earthing clamp
over the hazardous-area flange of the DIN-rail (figure 6).

b) Push the safe-area end of the barrier firmly down by hand until
it clicks into place.

c) Check that the barrier is securely clamped into place (see notes
below).

d) To remove a barrier (figure 7), use the tip of a screwdriver (with
a blade width of 4 to 5mm, minimum shaft length 60mm) to ease
the metal clip at the base on the safe-area end outwards until the
barrier is freed and can be removed easily by unhooking the
hazardous-area end.

Notes

1: Make sure the barrier is properly clamped onto the rail to ensure
the essential earth connection. In a row of barriers, one end of an
improperly mounted barrier will stick up slightly.

2: Once an MTL7700 Series barrier is fitted, its mounting/earthing
foot grips the DIN-rail strongly in order to maintain positional stability
and create a high-integrity earth bond. The unit should not be forced
along the rail. If it is necessary to reposition a barrier, detach it from
the DIN-rail and re-attach it in the correct location. Where minor
repositioning is needed, relieve the pressure on the spring of the
mounting foot with a screwdriver and ease the unit into place.

4.3 Installing accessories
See section 2.3, figure 2 and figure 3 for brief details of the
accessories available for use with MTL7700 Series barriers. More
information and installation details (where relevant) for the various
accessories are detailed in the following sections:
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Figure 4: Dimensions (mm) of an MTL7700 Series barrier

Mounting accessories Section 4.3.1 to 4.3.

Earthing accessories Section 4.3.3, 4.3.4

Tagging accessories Section 4.3.5, 4.3.6

Power links Section 4.3.7, 4.3.8

4.3.1 DIN-rail (THR2 and THR7000)

MTL can supply both standard (THR2) and plated (THR7000) low-
profile T-section DIN-rail. Although standard DIN-rail maintains a
high-integrity earth in normal conditions, for aggressive environments
MTL provides THR7000 nickel-plated DIN-rail. Both types are
supplied in 1m lengths for cutting to size as necessary. Although there
is no strict requirement for the DIN-rail to be isolated from earthed
surfaces, it is advisable, in order to minimise the possibility of the
earth circuit being invaded by fault currents which might interact
adversely with other systems. ISP7000 insulating spacers are a
convenient method of insulating the DIN-rail. It is much easier to
install insulating spacers during the initial build, than to discover later
that an equipped and running installation must be modified.

4.3.2 Insulating spacers (ISP7000)

When used, ISP7000 insulating spacers are attached to each end of
the DIN-rail and at intervals depending upon the length of the rail. It
is recommended that spacers be mounted at 300mm intervals on low-
profile (7.5mm) DIN-rail and at 500mm intervals on high-profile
(15mm) rails – see figure 8. The spacers are provided with suitable
screws for attaching to both the DIN-rail and the mounting surface,
which will need to be suitably drilled and tapped for the purpose.
Install each spacer as follows (figure 9):

a) On the mounting surface, drill and tap two holes for M4 screws.
b) Attach the spacer to the surface with the two M4 x 16 screws

provided.
c) Drill an M6 clearance hole (6.5mm) in the centre of the base of

the DIN-rail (if not already suitably slotted)
d) Attach the DIN-rail to the spacer with the M6 x 16 screw

provided.

Table 2: Safety checklist

Item Refer to
no. section: Action

1 3.1 Before beginning installation, check that the
safety documentation confirms that the
proposed system is fully certified (if applicable)
and complies with the recommendations
contained in the relevant sections of IEC
60079-14 for the gas group, temperature
classification and area classification required.

2 4.1/6.2 Make sure the barriers are of the correct type
and polarity as specified in the safety
documentation.

3 4.1 Make sure all barriers are mounted the right
way round and are properly attached so that
the essential earth contact is made securely in
accordance with the safety documentation and
in compliance with the recommendations of IEC
60079-14.

4 5.3/6.2 Measure the resistance between the barrier
earth DIN-rail and the main power system earth
and make sure it does not exceed the maximum
permitted resistance specified in the safety
documentation.

5 4.1/6.2 Inspect carefully all cables connected between
the barriers and the hazardous-area equipment,
making sure the cables are the type specified
by the safety documentation and that they are
connected to the correct terminals.

6  5/6.2 Make sure all hazardous-area cables are well
secured and are segregated from all other
cables.

7 5 Make sure the permitted cable parameters for
hazardous-area circuits are not  exceeded (see
relevant certificate or INA7700).

8 5 Make sure all hazardous-area apparatus and
cables are either earth-free or correctly bonded
with an equipotential conductor.

9 5.3/6.2 Make sure all hazardous-area cables and cable
screens are terminated correctly, the latter
preferably via earth foot on the hazardous side
of each barrier or via ERL7.

10 5.4 Make sure all unused hazardous-area cables
are terminated by a dummy barrier (MTL7799),
earth rail (ERL7) or otherwise safely connected
to earth.

11 Make sure all hazardous-area energy-storing
devices are independently and appropriately
certified.

12 4.1/ Inspect all tagging or identification labels and
4.3.5/ make sure they relate to the correct barrier 
4.3.6 types, polarities and circuit loop numbers.

13 5/6.2 Inspect carefully all cables connected to the
safe-area equipment and make sure they are
connected to the safe-area terminals of the
barriers.

14 5.3 Make sure that no safe-area equipment is
supplied from (or includes) a source of potential
with respect to earth that exceeds 250V rms or
250V dc under normal or fault conditions unless
specifically permitted by the safety
documentation.

Note: One phase of a 3-phase supply of up to
440V is permitted as its value is equivalent to
250V rms.

15 Make sure all barriers are protected adequately
against moisture, dust, dirt, vibration, excessive
temperatures, physical damage and
unauthorised modifications.

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1675 of 2133



5INM7700-6   Jan 2008

����� �������

�����

�����

�������

��	����

����� �����

�-���

Figure 5: Clearance for accessories Note: For high profile (15mm) DIN rail, add 7.5mm to vertical dimension

1
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3

1
2

Figure 6: Clamping an MTL7700 Series barrier on to a DIN-rail

Figure 7: Removing an MTL7700 Series barrier from a DIN-rail

250mm

Low-profile rail (7.5mm)

High-profile rail (15mm)

250mm

500mm

Figure 8: Maximum DIN-rail spans between ISP7000 spacers

4.3.3 DIN-rail earth terminal (ETL7000)

See figure 10. For those applications (the majority) in which the IS
earth is NOT routed through the mounting surface, connections for
routing the IS earth from the DIN-rail to an appropriate plant earth
are made through earth terminals (ETL7000) clamped onto the DIN-
rail. Two terminals are recommended, one at either end of a column
of barriers, to provide redundancy and to simplify earth testing
procedures.

WARNING: Apart from rare occasions when the mounting
surface carries the IS earth, the ONLY method of providing
the IS earth connection from any one column of MTL7700
Series barriers is from ETL7000 earth terminals. Never make
the plant IS earth connection to the earth screen on any
individual barrier: this is MANDATORY. See also section 5.3.

ETL7000 terminals are attached to the rail as follows. Ensure the
same security of the earth connection to the rail as for the barriers
themselves (see section 4.2):

a) Hook the fixed end-clamp of the terminal over one flange of the
DIN-rail. 

b) Press the body of the terminal downwards until the pivoting end-
clamp engages the other flange of the DIN-rail.

c) Clamp the terminal firmly into place by tightening the centre
screw.

d) Important: wire up the earth terminal as given in section 5.3.2.
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High - profile
DIN rail

OR
Low - profile

DIN rail

2 off M4 x 16

M6 X 16

50mm

62mm

14.6mm

20mm

Figure 9: Mounting ISP7000 insulating spacers

ETL7000
earth terminal

Clamping
screw

Earth terminal
screws

Figure 10: Mounting an ETL7000 DIN-rail earth terminal
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Figure 11: Installing a TH7700 barrier tag holder 

4.3.4 Earth rail assembly (ERL7/ETM7/ERB57S/O)

A screw terminals on each barrier is available for terminating cable
screens and 0V returns. An alternative is provided by an earth rail
assembly (figure 12). This consists of two IMB57’s, ERB57S or O,
mounting blocks (one for each end of a column of barriers), a length
of ERL7 earth rail (supplied in 1m lengths for cutting to size), and
ETM7 terminals for connecting cable screens or 0V returns to the rail.

Install the earth rail assembly as follows:

a) Hook the loose end-clamps of the IMB57 mounting blocks over
the flanges of the DIN-rail at each end of the row of barriers.

b) Making sure the blocks are flush with the end barriers or tagging
strip supports, clamp them firmly into place by tightening the
screws at the base of the blocks and fit 2 off ERB57O or S into
supports.

c) Slide the number of ETM7 terminals required for connections
onto the length of ERL7 rail needed for the assembly.

d) Important: wire up the earth rail assembly as given in section
5.3.3.

4.3.5 Barrier identifiers (TH7700)

TH7700 tag holders (figure 11) are clipped onto the tops ofindividual
barriers to provide transparent holders for identification labels

a) Slide the required label in between the top and lower parts of
the TH7700

b) Push the tag holder downwards until it clips into place.
c) To unclip a tag holder, lever up the far end above terminals.

4.3.6 Tagging strip assemblies(IMB57)

The tagging strip assembly (figure 12) identifies the location of
individual barriers, ensuring that they are replaced correctly after
removal for maintenance or testing. Once installed, the tagging strip
pivots upwards to provide access to, and allow removal of, individual
barriers.

Each assembly uses two tagging strip supports (IMB57), a tagging
strip (TAG57) and tag labels (TGL7700).

The assembly installation procedure is:

a)IMB57 tagging strip support. Making sure that the vertical
slots are on the hazardous-area side, hook the loose end-clamps
of each IMB57 tagging strip support over the flanges of the DIN-
rail at each end of the group of barriers.

b) Make sure that the tagging strip support is flush with the end
barrier in the row.
IMB57 tagging strip support. Clamp firmly in place by
tightening the two screws located at the foot of each support.

c) Remove any clic rivets from the tagging strip and slide out the
label.

d) Measure the distance between the top inside faces of the two
tagging strip supports.

e) Cut the tagging strip and label to this length with a hacksaw.
f) Annotate the tagging strip label as required and slide it back

into the tagging strip. Divisions on label strips are 12.6mm
wide, the pitch of individual barriers.

g) Clip the tagging strip onto the lugs on top of the tagging strip
supports.

4.3.7 Power bus (BPL7700)

For details on using and installing a power bus, see section 5.2.3. 

Note: Early versions of TH7700 are hinged on two small locating
pins. Later versions are hinged by locating the clips at the hinged end
into the rectangular appartures on the barrier body. The later design
can be retrofitted on early modules by removing the hinge pins with
a knife.

TGL7700

ERB57O

TAG57

ERL7
ETM7

14mm earth-rail
clamp

THR2/THR7000

ERB57S
in lower position

ISP7000

ETL7000

10mm earth
clamp

IMB57

Snap off extension
when using IMB57
as a central support

Figure 12: Mounting earthing and tagging accessories
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5 WIRING CONNECTIONS

5.1 General
This section describes wiring connections as follows:

a) Barrier connections Section 5.2

b) Connections to plant earth Section 5.3

c) Connections to dummy barriers Section 5.4

5.2 Barrier connections
Each barrier has 4 or 8 terminals, 2 or 4 on each side, allocated as
follows:

Safe area

Terminals 1,2,5 and 6 Safe-area power Sections 
and signal lines 5.2.1 and

5.2.2

Hazardous area

Terminals 3,4,7 and 8 Hazardous-area Section
signal lines 5.2.1

Torque the screw terminals to 0.4Nm.

5.2.1 Signal line connections

Connect signal lines to the screw terminals at both sides of the barrier
(1 and 2 and/or 5 and 6 at the safe-area side, 3 and 4 and/or 7
and 8 at the hazardous-area side). The safe-area terminal 1 is also
used as a power connection when power is provided from the safe
area (see section 5.2.2 for details).

Clearly segregate hazardous-area and safe-area cabling as defined
by relevant codes of practice, and route cabling to the barriers
through clearly separated and identified conduits or trunking. Deal
with spare cable cores or screens as described in section 5.2.3.

Before making any signal connections from the hazardous area,
make sure any energy-storing devices (ie, devices NOT classified as
‘simple apparatus’) are certified as being compatible with the
barriers to which they will be connected. Check also that the
connecting cables conform with the cable types specified by the
safety documentation and that the maximum cable parameters
specified in MTL’s IS catalogue are not exceeded. In general, cable
parameters are unlikely to present problems except in installations
where cables longer than 500m are called for in IIC applications.

Do not connect barriers to safe-area equipment that is supplied from
(or contains) a source of potential with respect to earth that is greater
than 250V rms or 250V dc under normal or fault conditions, unless
this is specifically permitted by the safety documentation. This
limitation does not apply to safe-area equipment fed by a three-phase
440V neutral earth supply.

See Appendix A for examples of wiring connections for specific 
applications.

5.2.2. Power supply connections general considerations

Take care that if barriers are connected to a safe-area power supply,
connections are made correctly. If the internal safety fuse blows, it will
destroy MTL7700 barriers. See Appendix A for specific connections
for individual barriers and applications.

5.2.3 Bussed Power applications and connections

When a number of barriers use a common power supply, the optional
power link (BPL7700) can be used. Typical applications include
hazardous-area switches, solenoids and 4–20mA transmitters; and
the barriers it can be used with are the MTL7706, MTL7707+,
MTL7787+, MTL7787P+ and MTL774x. See figure 14 for a typical
power link installation applied to hazardous-area switches.

Up to 40 barriers can be linked using the power links. The link itself
is supplied from a power feed module (MTL7798). The MTL7798
power feed module is provided with a trip circuit which protects the
barriers by switching off their supply if a fault (such as an
overvoltage) occurs in the power source. The state of the module is
indicated by one of two LED indicators:

a) Green ON when supply is normal and being passed 
to the barriers.

b) Red ON when the trip mechanism is activated 
indicating a fault.

After a fault has been indicated, the module can be reset by
disconnecting the main power supply.

Install the power links as follows (figure 13):

a) Mount an MTL7798 power feed module on the DIN-rail at one
end of the column of barriers being supplied.

b) Connect a safe-area 20–26V dc supply to terminals 5 and 6 of
the power feed module.

c) select the number of links required.

d) Lift the tag holders to gain access to the power link connectors
and insert the links (figure 13).

e) Close the tag holders.

f) To replace the barrier, lift the identifiers either side of the
appropriate barrier to check which one is linked, remove the
link, replace the barrier and re-insert the link and close the
identifiers.

WARNING

Do not remove bussed power links with power applied if
installed in FM Div 2

5.2.4 Spare cores/screens/0V returns: connections

Unused cores should be connected to 0V. Terminals on the earth foot
simplify this.

5.3 Connections to plant earth
5.3.1 General considerations

A barrier installation must be earthed properly for correct and safe
operation. Care must be taken that individual barriers are correctly
mounted so that the earth connection with the DIN-rail is secure.

An installation must, in turn, be connected to a suitable plant high-
integrity earth. This should be done by connecting suitable conductors
to ETL7000 earth terminals (see section 5.3.2). It is also usually
advisable to make sure that the DIN-rail is isolated from any possible
enclosure earths by separating it from the mounting surface with
ISP7000 isolating spacers (see section 4.3.2).

$�.--��
�	,�����%

Figure 13: Power link insallation
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5.3.2 Earthing an installation

See figure 15. Connections from the DIN-rail to a suitable plant earth
are made from ETL7000 earth terminals. These clip onto the DIN-rail
as described in section 4.3.3 to make the vital earth connection with
the rail and the barriers. They are provided with two screw-clamp
terminals, to one of which a copper conductor to plant earth should
be connected. This should have a resistance no greater than 1
though to increase safety and reduce interference, a resistance as
close to 0.1 as possible is preferable. The cross-sectional area of
the conductor should be as least 4mm2 (12 AWG).

It is advisable to mount one ETL7000 earth terminal at each end of a
column of barriers to provide redundancy by connecting both
ETL7000 terminals to the plant earth. This makes it possible to
introduce a multimeter into one of the loops to measure loop
resistance without breaking the earth connection (figure 16) – a test
which should be done periodically. In these circumstances, resistance
for each cable loop should not exceed 2 . 

The IS plant earth conductors should be clearly identified to warn
against unauthorised interference. Though not mandatory, it is
recommended that this should be done by winding blue insulating
tape round the conductors at intervals along their length.

WARNING

Do not use earth foot terminal as an IS earth termination.
Make IS earth connections using an ETL7000 earth
terminal as described in section 5.3.2.

5.3.3 Earthing an earth rail assembly

On installations which include earth rail assemblies (see section
4.3.4) an earth conductor, normally copper wire with a cross-
sectional area of at least 4mm2 (12AWG) must be connected
between ETM7 earth terminals located at each end of the rail and the
‘spare’ terminals on the ETL7000 terminals at each end of the column
of barriers. See figure 17.

5.3.4 Hazardous-area equipment isolation

Hazardous-area equipment and interconnections should be isolated
from earth sufficiently to be capable of withstanding a 500V isolation
test. Such tests can, however, only be undertaken when the area is
gas free so it is fortunate that most circuits can be tested at low
voltages. To do this:

a) Disconnect from the barrier any cable connected directly to earth
or returned through a barrier with a nominal voltage of less than
10V.

b) Check the resistance to earth of the safe-area terminals with a
multimeter; it should be greater than 100k .

Note: some hazardous-area equipment (eg, pH and conductivity
instrumentation) is unable to withstand this insulation test. As an
alternative, in these circumstances the system can comply with the
installation requirements described in IS sketch 121. See also
12.2.4.in BS EN 60079-14.
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1

2
MTL7787+
MTL7787P+

Logic signal

1

5MTL7798
(MTL7799)

3
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1

2MTL7706+
MTL7787+
MTL7787P+ 250Ω

3
4

1
2

MTL7741 5
6

7
8
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0V

0V

1-5V

/Contact
signals

Power Bus
PB7700

Loop power to
opposite ends to
allow module
removal

Power
Connections

Hazardous
Area

Safe
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Figure 14: Typical application of the Power Bus

ETL7000 earth
terminal

To IS earth

Figure 15: Plant earth connection to ETL7000 earth terminal

ETL7000 earth
terminal

Loop
resistance
<2Ω

Local distribution transformer

Resistance meter or
bond integrity monitor

Figure 16: Earthing an installation with two conductors and
providing resistance test facilities
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5.3.5 Bonding practice when hazardous-area 
equipment cannot meet prescribed insulation 
standards

Where hazardous-area equipment is connected to earth (either
directly or indirectly) and/or it will not withstand a 500V insulation
test to ground or the alternative described in section 5.3.4, eg, strain-
gauge bridges with low-voltage insulation, pH and conductivity
sensors, bare and/or earthed thermocouples, and some level
detectors, the following considerations apply:

Safety considerations

a) The pipe, vessel, or body of the hazardous-area apparatus
and/or the adjacent metallic structure must be connected to the
barrier DIN-rail (see item d) by a bonding conductor of at least
4mm2 cross-sectional area for lengths of 100m or less; or at least
8mm2 area for lengths between 100m and 200m.

b) Where bonding conductors are used, care must be taken to
avoid invading other intrinsically safe systems (those not using
bonding conductors) by elevation arising from currents which
may flow in the common earthing systems as a result of the
presence of the bonding conductor. Where this possibility
cannot be avoided, then barriers associated with bonded
systems should be mounted on a separate DIN-rail from those on
which other barriers are mounted. Additionally, the DIN-rails
themselves should also be earthed separately.

c) The hazardous-area equipment and/or adjacent metallic
structure bond connections must be secured against vibration
and corrosion. A terminal of the type used on ‘increased safety’
(‘e’) equipment is the mandatory solution.

d) The barrier DIN-rail connections must provide suitable
termination facilities for the bonding conductor and usual ‘earth
return’ by being equipped with separate increased safety (‘e’)
terminals.

Operational requirements

e) Figure 18 shows the 0V rail of the safe-area equipment returned
to the barrier DIN-rail by a separate insulated conductor and the
structural earths of any safe-area equipment returned separately
to the neutral star-point. This reduces interference problems but
is not essential for safety reasons.

f) In general, the use of barriers in all measurement leads reduces
the possibility of earth circulating currents causing measurement
problems.

g) Resistance from the neutral star point to ‘terrestrial earth’ – via
the buried earth mat or rods – is determined by other regulations
and is not modified or determined by the intrinsic safety
requirements, which are concerned with the plant earth only.

5.4 Connections to dummy barriers
See figure 19. The MTL7799 dummy barriers provide safe
connection facilities for unused cable cores, cable screens and 0V
returns. In addition, safe-area terminals 2 and 1 are connected
internally to provide a straight ‘feedthrough’ 24V dc supply
connection, enabling the units to be used as feed modules for use
with a power bus, useful in applications where the fault trip
mechanism of the MTL7798 is not needed.

6 MAINTENANCE

6.1 General
Circuits in all MTL7700 Series barriers are encapsulated and so
cannot be repaired. However, provided they are correctly installed
and connected (as described in sections 4 and 5 of this manual) and
the circuits they protect are not themselves defective, barrier faults are
highly unlikely to occur. Therefore, servicing of barrier installations
consists mainly of routine inspection and earth testing as described in
this section.

More information about the maintenance of barrier installations is
given in BS EN 60079 -17.

6.2 Routine inspection
At intervals not exceeding two years (more frequently for harsh
environments), make a visual check of the barrier installation.
Personnel undertaking these checks should comply with all
regulations relating to the safety of plant and personnel. Care must
be taken to prevent any inadvertent direct connection between
hazardous- and safe-area circuits and, at all times, the safety
precautions discussed in section 3 MUST be observed.

����� �������

�����

�����

�������

��	����

��
0	���	�������*�����1

!����� ���

���&����*�����

!����� ���

���&��	�
�
��������

����

Figure 17: Earthing and screening using module earth terminals or earth rail alternative
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Check that:

a) Barriers are of the types and polarities specified in the safety
documentation.

b) The barriers are attached securely and correctly to the DIN-rail
to make sure the earth connection is safe.

c) There are no apparent signs of damage or corrosion to the
barriers, the ETL7000 earth terminals, the plant earth
connections, and, if fitted, any earth rail assemblies.

d) All hazardous-area and safe-area cable connections are made
correctly and the terminals properly tightened.

e) Interconnecting cables are of the type and rating specified by
the safety documentation and that they are not frayed or
otherwise damaged.

f) All earth returns and cable screens from the hazardous area are
connected to earth either through a barrier, a dummy barrier or
an earth rail.

g) Visually examine the earth conductors and make sure they are
not damaged in any way and that their terminations are secure
and free from corrosion.

h) Using a low-voltage low-current test meter (ie, a meter with an
output not exceeding 3V and 50mA), measure the resistance
between the DIN-rail and the neutral star-point of the supply and
make sure it does not exceed 1 . Record the reading and
compare it with readings taken during previous inspections. A
consistent reading repeated over a long period of time is a
reassuring sign indicating a sound earth return which is likely to
remain so. If two earth conductors are used as described in
section 5.3.2, the loop resistance should be measured as
described in that section and the reading should not be greater
than 2 .

WARNING: do not try to carry out a high-current earth
resistance test unless it is confirmed by the authority in
charge of the plant that the plant is gas-free.

7 FAULT-FINDING

7.1 Introduction
Most barrier-protected systems are relatively simple and their
operation is easy to check. However, when fault finding is necessary,
it must only be undertaken after checking with plant personnel
responsible for safety that it is safe to proceed.

The fault-finding procedures described in this section call for the use
of a digital multimeter – this being the most common type used.
However, other types can be used provided their characteristics when
measuring silicon diodes are known.

Many digital multimeters include a diode test function which is useful
when diode chains are included in the test. These usually operate by
passing 1mA through the diode and measuring the voltage across it.
When measuring more than two diode drops in series, note that the
full-scale range of some multimeters is only 2V on the diode test
range. With three or more diode drops it is therefore possible that the
meter may indicate over-range. In the test tables (tables 4 to 10),
section 8, any drop of more than 4V is indicated as infinity ( ).

Zener diodes and ordinary silicon diodes have a typical forward
voltage drop of approximately 0.6V/diode. Diode return paths with
Schottky diodes have a typical voltage drop of <0.3V for each diode
in the chain, eg, MTL7787+, 7787P+.

Figure 20 depicts a typical switch-status transfer circuit protected by
an MTL7787+ barrier which illustrates some of the fault-finding
techniques discussed in this section. To determine the serviceability of
MTL7700 Series barriers, follow the steps described in sections 
7.2 to 7.3.

Hazardous-area
equipment
incapable of
withstanding
insulation test

Safe-area
equipment

0V

Local
distribution
transformer

1Ω maximum

Safe areaHazardous area
(Zone 2)
or safe area

Hazardous area
Zone 0, 1 or 2

Bonding conductor
<100m: 4mm2 minimum
100 200m (maximum): 8mm 2 minimum

Enclosure

DIN-rail
Barriers

Figure 18: Bonding practice where hazardous-area equipment cannot meet required standards of insulation from earth
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Figure 19: MTL7799 dummy barrier connections
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7.2 Power supply check
Check that the power supply to an individual barrier circuit (or to an
MTL7798 power feed module or an MTL7799 dummy barrier
sourcing the power bus ) is functional and that the voltage across the
supply with respect to earth is correct. For example, in Figure 20 the
presence of 24V on terminal 1 and 12V on terminal 2 when the
switch in the hazardous area is closed confirms the serviceability of
almost the complete circuit.

7.3 Barrier resistance test
To test the resistance of a barrier on site, refer to figure 20 and carry
out the following procedure:

a) Unplug hazardous-area cables from terminals 3 and 4.

b) Unplug safe-area cables from terminals 1 and 2.

WARNING: Take care when handling safe-area cables;
the relay contacts in figure 20 for example could be
carrying mains voltage.

c) Measure the end-to-end resistance of the barrier by connecting a
digital multimeter (set to a suitable range) between terminals
1 and 3. The reading should typically be slightly less (eg 1–3%
lower) than the maximum end-to-end resistance listed in tables 4
to 10 for the appropriate barrier type or approximately 10–20%
higher than the figure specified in the safety description.

d) Check the functioning of the diode-return channel (MTL7787+,
7787P+, only) by selecting the diode test function on the
multimeter and connecting it between terminals 4 (+ve) and 2
(–ve). This measures the forward voltage drop of the Schottky
diodes in the chain: the reading should be less than 0.9V.
Repeat the test with the connections reversed (ie, terminals 4
(–ve) and 2 (+ve) for an expected reading of for the reverse
voltage drop.

e) Tests c) and d) confirm the continuity of both barrier channels. If
either channel is open-circuit it is most likely that the fuse has
blown. The safe-area circuit should be investigated in an attempt
to discover the cause of the fault. 

Note: if the barrier is removed, make sure the safe-area and
hazardous-area cables disconnected during operations a) and b)
are connected to an earth-rail, a dummy barrier or insulated
completely.

c) If it is not possible to disconnect wiring to the barrier for steps a)
and b), carry out the tests given in table 4.

8 EQUIPMENT AND BARRIER TESTS

8.1 Thermocouple and RTD tests

8.1.1 Thermocouple circuit testing

Thermocouple test and calibration equipment is rarely certified
intrinsically safe and therefore requires special authorisation before it
can be used for testing or calibrating thermocouple circuits in
hazardous areas. To overcome this problem, the thermocouple
circuits can be protected by using an MTL7760ac barrier as shown
in figure 21. This permits the thermocouple output to be measured
without needing special authorisation to use uncertified thermocouple
test equipment.

As it is seldom possible to measure accurately the temperatures of
thermocouples located in hazardous areas, a safe way of adjusting
calibration tables to compensate for plant temperatures is needed.
This can be done by disconnecting the compensating cables from the
thermocouple, shorting them together, and measuring the temperature
of the shorting point.

8.1.2 Resistance temperature detector (RTD) circuit
testing

Resistance temperature detector (RTD) circuits can be tested by
disconnecting the measuring leads from the RTD head in the
hazardous area and connecting them to a resistance box. Sometimes
it is more convenient to connect the resistance box in the safe area,
for instance at point ‘xx’ in figure 22. For the latter method, however,
the RTD must be shorted out or an allowance made for its
temperature. The effect of a negative temperature change can be
simulated by connecting the resistance box into the measurement lead
at point ‘yy’. The advantage of connecting the resistance box at the
RTD head is that any leakage can also be determined by connecting
the resistance box at point ‘yy’.

8.2 Barrier tests
8.2.1 General

MTL7700 Series barriers do not need to be subjected to routine
testing if they are in normal use. Generally, the inspection tests
described in section 6 are more than adequate. However, if the
performance of barriers is in any way suspect, then carry out the
detailed tests described in this section. Barriers which pass these tests
satisfactorily are highly unlikely to represent an unacceptable level of
risk or cause a circuit malfunction.

There are two types of test (as shown by tables 4 to 10); a simple test
using a digital multimeter to test barriers on site and a more
comprehensive bench test using a constant current source to establish
the breakdown characteristics.

Although certification requirements concentrate on pulse-current tests,
in many ways the leakage current tests described in this section are
a more satisfactory method of testing suspect diodes. If a complete
functional check of a barrier is needed, then the multimeter and
constant current tests described in sections 8.2.2 and 8.2.3 should be
made although, for most purposes, the multimeter tests should suffice.
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Figure 20:  Switch-status transfer circuit using an MTL7787 barrier
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Figure 21:  Calibrating a thermocouple barrier circuit

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1682 of 2133



12INM7700-6   Jan 2008

8.2.2 Multimeter tests

See tables 4 to 10. The use of a digital multimeter for testing barriers
is described in section 7. The tables assume that the multimeter is set
to a suitable range for the end-to-end resistance tests (except for
diode return channels) and for the continuity tests; and that the
multimeter diode test function is used for the diode tests, channel
isolation tests and for the end-to-end resistance tests for diode return
channels.

8.2.3 Constant-current tests

For these tests (last column of tables 4 to 10) a constant-current
generator capable of supplying 10μA, 20mA and 40mA currents
from a 30V source is needed. Ideally, a purpose-built current
generator should be used but, alternatively, a set-up based on a
laboratory power supply and two multimeters (figure 23) will serve.
The current is measured by one multimeter and trimmed by adjusting
the output voltage of the power supply indicated on the second
multimeter.

When using a constant-current generator for testing MTL7700 Series
barriers, note the following points:

a) The current must be limited to 50mA to avoid damaging the
barriers.

b) The accuracy of the current is not critical and can vary by ±5%.
c) Test leads must be connected securely to the barrier terminals;

however, the changeover switch and current selector reduce the
need for connection changes.

d) Using a high resistance in series with the barrier gives more
stable results and makes it easier to set the required current.

8.3 Tests for Active Barriers
8.3.1 Tests for the MTL7706+

Comprehensive testing requires specialised equipment, beyond the
scope of on-site tests. However, an effective test which will confirm
that the unit is operating correctly is shown in figure 24. Ammeter 1
measures the transmitter simulator current of between 4 and 20mA
flowing from terminal 4 and the safe-area load current flowing to
terminal 4 simultaneously. Since these two currents are equal and
opposite, the resulting reading on the ammeter should be virtually
zero. Ammeter 2 verifies the presence of the 4–20mA transmitter
signal.
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Figure 22: Calibrating an RTD barrier circuit
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Figure 23: Constant-current test circuit using a power supply
and digital multimeters
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Figure 24: MTL7706+ test circuit

8.3.2 Tests for the MTL7707+

Since this unit incorporates a built-in protection circuit, it has to be
tested in a different manner to an ordinary shunt-diode barrier.
Referring to figure 25, set the transmitter simulator to 4mA and to
20mA, and check that the ammeter reads approximately the same
value. Then, having set the simulator to 20mA, check that the voltage
between terminals 1 and 3 is less than 8.5V and between terminals
2 and 4 is less than 1.6V.

Figure 25: MTL7707+ test circuit
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Input Output Line Fault
Open circuit Open Closed
Short circuit Closed Closed
620 Closed Open
10K Open Open

8.3.3.2 Testing MTL7742 Barriers

The MTL7742 is a single channel switch/prox input barrier with an
open collector solid state interface to the safe area equipment. To
verify correct operation proceed as follows:

a) Connect the barrier as shown in figure 27.
b) Check that the LED is on when the input switch is closed, and off

when the input switch is open.

8.3.3.3 Testing MTL7743 Barriers

The MTL7743 is a dual channel switch/prox input barrier, each
channel with a relay interface to the safe area equipment. To verify
correct operation proceed as follows:

a) Connect the barrier as shown in figure 28.
b) With an ohmeter, check that the output contacts (terminal 1 & 2)

close when the input switch for channel 1 is closed.
c) Repeat the procedure for channel 2.

8.3.3.4 Testing MTL7744 Barriers

A dual channel version of the MTL7742, this module provides two
solid state interfaces for prox/switch inputs. To verify correct
operation proceed as follows:

a) Connect the barrier as shown in figure 29.
b) Connect power via the power bus
c) Check that the LED is on when the input switch is closed for

channel 1, and off when the input switch is open for channel 1.
d) Repeat the procedure for channel 2.

8.3.3.5 Testing MTL7745 Barriers

This module is a single channel interface for prox/switch inputs with
line fault detection. To verify correct operation proceed as follows:

a) Connect the barrier as shown in figure 30.
b) With an ohmeter, check the status of the output contacts

according to Table 3
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Figure 27: Test circuit for MTL7742
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Figure 30: Test circuit for MTL7745

Table 3  Test conditions for MTL7745
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Figure 28: Test circuit for MTL7743
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Figure 29: Test circuit for MTL7744

8.3.3 Tests for MTL774x 

The MTL774x range are switch/prox input barriers with a choice of
changeover relay contacts or a solid state switch acting as the safe
area interface. Relay contacts provide a universal interface capable
of switching a wide range of signals including ac, low level and high
level voltages. Phase reversal is achieved by connecting the normally
open or normally closed contacts as required. The solid state switch
variants can be configured to switch from a power rail or down to
ground and makes these barriers ideal for high switching frequency
applications.

When testing bus powered barriers use either an MTL7798 Power
Feed module or an MTL7799 dummy barrier for direct ‘feed-through’
connection of a 24V dc supply.

8.3.3.1 Testing MTL7741 Barriers

The MTL7741 is a single channel switch/prox input barrier with
changeover relay contacts acting as the safe area interface. To verify
correct operation proceed as follows:

a) Connect the barrier as shown in figure 26.
b) With an ohmeter, check that the output contacts (terminal 5 & 6)

close when the input switch is closed.

�

#
$

�
�����
 '

+

)
2

$
�����	,�

�35

5�6

5�@

+
��
�

Figure 26: Test circuit for MTL7741
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BARRIER DATA MULTIMETER TESTS CONSTANT-CURRENT TESTS

MTL Safety End-to-end Diode Diode Terminal Terminal
model Description Resistance Test Test Voltage Voltage
No. +ve -ve @ 10 A @ 20mA

V mA Min Max Min Max Min Max

7710+ 10 50 200 62 75 Vfz x 1 6 9.5 6.6 9.7
7715+ 15 100 150 110 119 Vfz x 1 12 13.6 12.4 13.7
7715P+ 15 50 291 59 64 Vfz x 1 12.6 13.3 13 13.4
7722+ 22 150 147 159 174 Vfz x 2 19.6 20.9 19.7 21.1
7728+ 28 300 93 311 333 Vfz x 2 25.9 26.5 26 26.7
7728- 28 300 93 311 333 Vfz x 2 25.9 26.5 26 26.7
7728P+ 28 237 119 241 252 Vfz x 3 24.9 25.5 25 25.6
7729P+ 28 164 170 171 184 Vfz x 3 24.9 25.5 25 25.6

8.4 Test tables for passive barriers
Tables 4 to 10 detail the tests for all MTL7700 Series ‘passive’ barriers. In the ‘diode test’ columns, the figures adjacent to the diode description
indicate the number of forward-biased diodes used in the barrier chain. Using the multimeter diode test function and knowing the diode voltage
drop figures (approximately 0.6V for each Zener diode and 0.3V for each Schottky diode), the expected reading across the diode chain can
be determined.

BARRIER DATA MULTIMETER TESTS CONSTANT-CURRENT TESTS

MTL Safety End-to-end Diode Diode Terminal Terminal
model Description Resistance Test Test Voltage Voltage
No. +ve -ve @ 10 A @ 20mA

V mA Min Max Min Max Min Max

7758+ 7.5 10 750 14 17 Vfz x 1 6 6.9 6.6 7
7758- 7.5 10 750 14 17 Vfz x 1 6 6.9 6.6 7
7764+ 12 1k 12 1010 1050 Vfz x 1 10 11.4 10.5 11.6
7767+ 15 100 150 110 119 Vfz x 1 12 13.6 12.4 13.7
7779+ 28 300 93 311 333 Vfz x 2 25.9 26.3 26 26.5
7796+ 26 300 87 311 333 Vfz x 2 23.9 24.4 24 24.6
7796+ (ch2) 20 390 51 401 428 Vfz x 2 18.3 18.8 18.4 19
7796- 26 300 87 311 333 Vfz x 2 23.9 24.4 24 24.6
7796- (ch2) 20 390 51 401 428 Vfz x 2 18.3 18.8 18.4 19
7788+ 28 300 93 311 333 Vfz x 2 25.9 26.4 26 26.6
7788+ (ch2) 10 50 200 62 75 Vfz x 1 6 9.5 6.6 9.7
7788R+ 28 300 93 311 333 Vfz x 2 25.9 26.4 26 26.6
7788R+ (ch2) 10 50 200 62 75 Vr Vr 0 0 6.2 6.8

Table 4: Single channel polarised barriers

Table 5: Dual channel polarised barriers

Note: Vfz is the voltage dropped by a forward biased zener diode - 0.6V typically
Vr is the voltage dropped by the sense and current limit resistors - 3.2V for a typical 1mA test current
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Table 6: Single channel 

BARRIER DATA MULTIMETER TESTS CONSTANT-CURRENT TESTS

MTL Safety End-to-end Diode Diode Terminal Terminal
model Description Resistance Test Test Voltage Voltage
No. +ve -ve @ 10 A @ 20mA

V mA Min Max Min Max Min Max

7728ac 28 300 93 311 333 25 26.7 25.6 27.2

BARRIER DATA MULTIMETER TESTS CONSTANT-CURRENT TESTS

MTL Safety End-to-end Diode Diode Terminal Terminal
model Description Resistance Test Test Voltage Voltage
No. +ve -ve @ 10 A @ 20mA

V mA Min Max Min Max Min Max

7761ac 9 90 100 98 107 6 8.6 6.9 8.9
7761Pac 9 350 26 361 378 6.8 8.6 7.7 8.9
7764ac 12 1k 12 1010 1050 10 11.6 10.8 11.9
7766ac 12 150 80 159 174 10 11.6 10.8 11.9
7766Pac 12 75 157 84 92 9.6 10.9 10.4 11.2

Table 7: Dual-channel ac barriers

BARRIER DATA MULTIMETER TESTS CONSTANT-CURRENT TESTS

MTL Safety End-to-end Diode Diode Terminal Terminal
model Description Resistance Test Test Voltage Voltage
No. +ve -ve @ 10 A @ 20mA

V mA Min Max Min Max Min Max

7760ac 10 50 200 62 75 6 9.5 6.9 9.8
7765ac 15 100 150 112 124 12 14.1 12.7 14.4
7778ac 28 600 47 614 651 24.0 24.4 25.4 26.0

Table 9: Dual-channel star-connected ac barriers

BARRIER DATA MULTIMETER TESTS CONSTANT-CURRENT TESTS

MTL Safety End-to-end Diode Diode Terminal Terminal
model Description Resistance Test Test Voltage Voltage
No. +ve -ve @ 10 A @ 20mA

V mA Min Max Min Max Min Max

7755ac 3 10 300 15 19 Vfd x 3 Vfd x 3 1 2.1 1.8 2.4
7756ac 3 10 300 15 19 Vfd x 2 Vfd x 2 0.7 1.4 1.2 1.6

Table 8: 2/3 channel low voltage ac barriers

Note: Vfd is the voltage dropped by a forward biased rectifier diode - 0.6V typically
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BARRIER DATA MULTIMETER TESTS CONSTANT-CURRENT TESTS

MTL Safety End-to-end Diode Diode Terminal Terminal
model Description Resistance Test Test Voltage Voltage
No. +ve -ve @ 10 A @ 20mA

V mA Min Max Min Max Min Max

7787+ 28 300 93 311 333 Vfz x 2 26.6 27.4 26.7 27.6
7787+ (ch2) 28 — — (+) 0.9V + 26 Vfz x 2 26.6 27.4 26.7 27.6
7787P+ 28 237 119 241 253 Vfz x 3 26.4 27.4 26.5 27.6
7787+ (ch2) 28 — — (+) 0.9V + 26 Vfz x 2 26.6 27.4 26.7 27.6
7789+ 38 300 93 614 651 Vfz x 2 26.6 27.4 26.7 27.6
7789+ (ch2) 28 — — (+) 0.9V + 26 Vfz x 2 26.6 27.4 26.7 27.6

Table 10: Diode return barriers

Note: Vfz is the voltage dropped by a forward biased zener diode - 0.6V typically
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APPENDIX A:  TYPICAL WIRING CONNECTIONS 
FOR SPECIFIC APPLICATIONS.
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Figure A1: 2-wire transmitters
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Figure A5: 2-channel switch inputs
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Figure A6: Low-level analogue inputs (RTD’s)

Figure A2: 2-wire transmitters with 250 conditioning
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Figure A3: Thermocouple/mV input
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Figure A9: Analogue output
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Figure A13: Strain-gauge bridges
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Figure A12: Single channel switch/proximity input with cutout 
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 INSTRUCTIONS-MANUAL 
VERSION 1.1  

DATED MARCH, 21ST 2003 
 

 EX-PROOF C4000 UVN EN-D 
   
 • C4000 / AF16-EX / AF16-EX-HT 
 • C4000 / AF26-EX / AF26-EX-HT 
 • C4000 / TF16-EX / TF16-EX-HT 
 • C4000 / AF45-EX / AF45-EX-HT 
 • C4000 / AF46-EX / AF46-EX-HT 
 
 

         ATEX 
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 EX-PROOF C4000 UVN EN-D  1.1 

Page 2 optek Danulat GmbH  D-45356 Essen  Germany EX-Proof C4000 UVN EN-D, Ver 1.1.doc 
 

 

Preface 
 
This instruction manual is written in such a way that all necessary information is given to provide correct 
practice and trouble-free operation. 
 
It is explicitly pointed out that no responsibility is accepted in case of loss or damage however caused on the 
use of this instruction manual and the included description of the products. 
 
Due to reasons of printing technique, the following illustrations correspond only roughly to the true appea-
rance of the products. This instruction manual is protected by copyright. However, the user may produce 
copies and translations as required for the correct operation of the products. 
 
On request this instruction manual is available in different languages and also can be supplied on CD 
(Acrobat  Reader 4.0) 
 
Our products are under constant development - technical data is subject to change without notice. 
 
 
Essen, March 2003  
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For further information please contact      or your local agent 
 
 optek-Danulat GmbH 
 Emscherbruchallee 2 • 45356 Essen • Germany 
  Phone  ++49 - (0)201 - 63 40 9-0 
 Fax  ++49 - (0)201 - 63 40 9-999 
 E-mail  info@optek.de 
 
 optek Geschäftsstelle Südwest 
 Wilhelm-Maybach-Str. 11 • 55129 Mainz • Germany 
 Phone  ++49 - (0)6131 - 58 20 15 
 Fax  ++49 - (0)6131 - 50 40 26 
 E-mail  info@optek.de 
 

optek-Danulat bv 
 Staalweg 18 • 4104 AT Culemborg • Netherlands 
 Phone  ++31 - (0)345 - 65 03 01 
 Fax  ++31 - (0)345 - 65 03 61 

E-mail  info@optek.nl 
 
 optek-Danulat, Inc. 
 N118  W18748  Bunsen Drive  
 Germantown • WI 53022 • USA  
 Phone   ++1-262-437-3600  
 Fax   ++1-262-437-3699  
 E-mail  info@optek.com 
 
 
 INTERNET: http://www.optek.com 
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 This manual covers exclusively explosion protection of 
 the listed photometers and its intrinsically safe circuits ! 
 Explosion protection (housings EEx d or EEx p) for the 
 converter C4000 itself is covered in separate manuals ! 
 This manual is an supplement to the C4000 hardware 
 and software manuals ! 
 
 

 
Hardware Converter C4000 (see separate documentation) 
Software Converter C4000 (see separate documentation)  
Software PC-TRANSFER C4000 (see separate documentation) 
Hardware Sensors (see separate documentation)  
Hardware Armatures (see separate documentation)  
 
EX-Protection Converter C4000 (see separate documentation) 

 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1696 of 2133



 EX-PROOF C4000 UVN EN-D  1.1 

Page 6 optek Danulat GmbH  D-45356 Essen  Germany EX-Proof C4000 UVN EN-D, Ver 1.1.doc 
 

 

1 Safety description 
 
1.1 Explosion protection concept 
 
Generally, the explosion protected photometers C4000/AF16-EX-HT, C4000/AF26-EX-HT, C4000/TF16-
EX-HT, C4000/AF45-EX-HT, C4000/AF46-EX-HT and all listed combinations 
 
Configurations CONTROL 4000 C4101 C4121 C4201 C4221 C4202 C4222 C4322 C4422 
Iputs for optek sensors 1 1 2 2 2 2 3 4 
mA inputs - 2 - 2 - 2 2 2 
Remote inputs - 7 - 7 - 7 7 7 
Relay outputs 3 3 3 3 3 3 3 3 
Failsafe (active) 1 1 1 1 1 1 1 1 
mA outputs 2 2 2 2 4 4 4 4 
Lamp outputs for optek sensors 1 1 1 1 2 2 2 2 
Permitted combination  
CONTROL 4000 / sensors:         

1 sensor  AF16-EX-HT x x x x x x x x 
1 sensor  AF26-EX-HT   x x x x x x 
1 sensor  AF45-EX-HT   x x x x x x 
1 sensor  AF46-EX-HT        x 
1 sensor  TF16-EX-HT   x x x x x x 
2 sensors AF16-EX-HT + AF16-EX-HT     x x x x 
2 sensors AF26-EX-HT + AF26-EX-HT        x 
2 sensors TF16-EX-HT + TF16-EX-HT        x 
2 sensors AF45-EX-HT + AF45-EX-HT        x 
2 sensors AF26-EX-HT + AF16-EX-HT       x x 
2 sensors TF16-EX-HT + AF16-EX-HT       x x 
2 sensors AF45-EX-HT + AF16-EX-HT       x x 
2 sensors AF26-EX-HT + TF16-EX-HT        x 

 
are applied in such a way that the sensor is installed within a hazardous location with 
 
 Zone 1 hazardous explosive atmosphere can exist under normal operating conditions,  
  or may exist frequently because of maintenance operations or leakage 

 (The photometer has to be fulfill requirements of Category 2G) 
or 
 Zone 2 hazardous explosive atmosphere occurs not often and if at all only for short  
  periods of time due to a fault or some unusual operating conditions 

 (The photometer has to be fulfill requirements of Category 3G) 
 

and that the converter is mounted in a safe area (e.g. in a control room or a explosion protected housing).  
 
 

Combinations with AF26-EX-HT or TF16-EX-HT require all optek  
inputs of the CONTROL 4000 to be I.S. ! 
 

 Combinations with AF45-EX-HT or AF46-EX-HT require optek  
 inputs [C] and [D] of the CONTROL 4000 to be NON I.S. ! 
 

 Combinations with AF26-EX-HT and AF45-EX-HT are not permitted ! 
 Combinations with TF16-EX-HT and AF45-EX-HT are not permitted ! 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1697 of 2133



 EX-PROOF C4000 UVN EN-D  1.1 

EX-Proof C4000 UVN EN-D, Ver 1.1.doc optek Danulat GmbH  D-45356 Essen  Germany Page 7
 

1 Safety description 
 
1.2 Safety description converter C4000 
 
 Manufacturer: optek-Danulat GmbH, Essen, Germany 
 
 Type:  C4000, EN-D 
  
 Temperature: -20°C < Tamb. < +55°C 
 
 Description: 
 Converter C4000 EN-D with up to four integrated single channel safety shunts IO-11.A with common 
 ground, designed for the direct connection of explosion protected sensors AF16-EX, AF16-EX-HT, 
 AF26-EX, AF26-EX-HT, TF16-EX, TF16-EX-HT, AF45-EX, AF45-EX-HT AF46-EX and AF46-EX-HT. 
 The circuits into the detector arms are designed as intrinsically safe circuits. The energy in these 
 circuits must be limited by safety shunts IO-11.A installed in the converter in such a way, that ignition is 
 not possible. Circuits into the lamp arms of sensors AF45-EX-HT, AF46-EX-HT are designed as non 
 intrinsically safe circuits. The energy in these circuits must not be limited by safety shunts. 
 Converters are always associated apparatus with intrinsically safe inputs [A], [B].   
 Inputs [C], [D] are either  
     both intrinsically safe as well 
 or      
     both must be non intrinsically safe (with AF45-EX-HT, AF46-EX-HT) 
 
 The intrinsically safe inputs are classified: 
 
     [ EEx ia ] IIC 
 
  
 Output parameters per I.S. channel: 
 Maximal output voltage to earth: Uo  =     7 V 
 Maximal short circuit current: Io    = 220 mA 
 Internal effective capacitance: Ci = 170 nF 
 Internal effective inductance: Li =   90 H 
 

Grouping IIC IIB 
Max. external capacitance Ca: 15 F 300 F 
Max. external inductance La: 345 μH 1650 μH 

 
  
 Explosion protection marking: 
 The converters are labeled between the optek sensor input terminals [A], [B] and [C], [D].  
 Complete marking is shown in section 2.3. 
 
 Converters are built in two versions: 

  all optek sensor inputs are I.S. with shunt 
 (use with AF16-EX-HT, AF26-EX-HT, TF16-EX-HT) 
  optek sensor inputs [C] and [D] to be NON I.S. 

   (use with AF45-EX-HT, AF46-EX-HT) 
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1 Safety description 
 
1.3 Safety description sensors  
 
Due to the modular design of the sensors, the lamp arm and the detector arm represent two distinct 
electrical apparatus. Therefore, with respect to explosion protection one has to distinguish between circuits 
which lead into the lamp arm and those which lead into the detector arm. The sensors with its connection 
cables have a safety description as an intrinsically safe and flameproof apparatus. The intended use is 
together with converter C4000 as associated apparatus. The photometers as described have been 
approved by DMT as type C4000 UVN for the most demanding requirements. 
 
 Manufacturer: optek-Danulat GmbH, Essen, Germany 
 
 Type:  AF16-EX, AF16-EX-HT, AF26-EX, AF26-EX-HT, TF16-EX, TF16-EX-HT 
  
 Temperature: see section 2.2 
 
 Description:  
 All detector circuits with current limiting resistors according to EN-D, designed for direct connection to 
 converters C4000, EN-D with integrated safety shunt IO-11.A. 
 
 Type:   AF45-EX. AF45-EX-HT, AF46-EX, AF46-EX-HT 
  
 Temperature: see section 2.2 
 
 Description:  
 Detector circuits [A] and [B] with current limiting resistors according to EN-D, designed for direct  
 connection to converters C4000, EN-D with integrated safety shunt IO-11.A.   
 Detector circuits [C] and [D] are not intrinsically safe. 

 
 Explosion protection marking: 
 Sensors are labeled with respect to type of protection EEx i on the detector arm. 
 Sensors are labeled with respect to type of protection EEx d on the lamp arm.  
 Complete marking is shown in section 2.3 
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Lamp housing for AF16-EX-HT, AF26-EX-HT, TF16-EX-HT 
 
 Manufacturer:  optek-Danulat GmbH, Essen, Germany 
 
 Type: 17L132-N05 

 
Description: Flameproof housing made from stainless steel with front window. Cover with 2 m 

connecting cable with equipment grounding conductor, non-rewire able. 
 

 Cable entry: 1 Entry ½” NPT, factory fitted and sealed, not replaceable 
 
 Temperature: -30°C < Tamb. < +40 / 60°C 
 
 Maximum temperature in the window area of the flameproof housing is 125°C under the 
 following conditions: 
   • Temperature class T6 is not required, 
   • Free air circulation at the flameproof housing is not hindered, 
   • Ambient temperature (Tamb.) does not exceed 40°C, 
  • Optical axis of the flameproof housing is horizontal, 
  • Heat transfer to the flameproof housing is only related to the process temperature. 
 The corresponding temperature class grouping is listed in section 2.2. 
  
 Explosion protection marking: 
 

  EEx d IIC T6 / T5 according to DMT 02 ATEX E 175 
 
 
Lamp housing for AF45-EX-HT, AF46-EX-HT 
 
 Manufacturer:  optek-Danulat GmbH, Essen, Germany 
 
 Type: 32L265-N05 
 
 Description: Flameproof housing made from stainless steel with front window. Cover with 2 m  
  connecting cable with equipment grounding conductor, non-rewire able. 
  
 Cable entry: 2 Entries ½” NPT, factory fitted and sealed, not replaceable 
  One used with AF45-EX-HT, both used with AF46-EX-HT 
 
 Temperature: -30°C < Tamb. < +40 / 60°C 
 
 Maximum temperature in the window area of the flameproof housing is 125°C under the 
 following conditions: 
 • Temperature class T6 is not required, 
 • Free air circulation at the flameproof housing is not hindered, 
 • Ambient temperature (Tamb.) does not exceed 40°C, 
 • Optical axis of the flameproof housing is horizontal, 
   • Heat transfer to the flameproof housing is only related to the process temperature.  
 The corresponding temperature class grouping is listed in section 2.2. 
 
 Explosion protection marking: 
 

   EEx d IIC T6 / T5 according to DMT 02 ATEX E 175 
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Intrinsically safe circuits  
The intrinsically safe circuits consist of the respective part in the detector arm and the associated cable to 
the safety shunt in the converter. The data are given separately for each intrinsically safe circuit, below 
listed as –1 for the measurement channels [A], [B] (terminals 1, 2, 5) and as –2 for the reference channels 
[C], [D] (terminals 3, 4, 5). Data are valid for sensor versions EX and EX HT. Data for Ci and Li refer to the 
circuits in the detector arms, the data for Ccable and Lcable cover cable lengths for the system of up to 400 m 
(1312 ft.) for Group IIC and of up to 1000 m (3280 ft.) for Group IIB. 
 

Detector circuit Module 
Ci 

Cmax 
=Ci+Ccable 

incl. 400 m 

Cmax 
=Ci+Ccable 

incl. 1000 m 
Module 

Li 
Lmax 

=Li+Lcable 
incl. 400 m 

Lmax 
=Li+Lcable 

incl. 1000 m 
 AF16-EX [A] 140 nF 300 nF 540 nF 5 H 345 H 855 H 
 AF26-EX-1 [A] 140 nF 300 nF 540 nF 5 H 345 H 855 H 
 AF26-EX-2 [C] 140 nF 300 nF 540 nF 5 H 345 H 855 H 
 TF16-EX-1 [A] 380 nF 540 nF 780 nF 5 H 345 H 855 H 
 TF16-EX-2 [C] 140 nF 300 nF 540 nF 5 H 345 H 855 H 
 AF45-EX [A] 140 nF 300 nF 540 nF 5 H 345 H 855 H 
 AF46-EX-1 [A] 140 nF 300 nF 540 nF 5 H 345 H 855 H 
 AF46-EX-2 [B] 140 nF 300 nF 540 nF 5 H 345 H 855 H 

 

 The resulting values for Cmax. and Lmax. are below the permitted values Ca und La for the converters. 
 

Cable length EN - Approval 
0 – 400 m  (0 – 1312 ft.) SYST EEx ia IIC T6 / T5 
401 – 1000 m  (1313 – 3280 ft.) SYST EEx ia IIB T6 / T5 

 
 

  Detector circuits [C] and [D] off the lamp arms AF45-EX-HT or AF46-EX-HT 
  are not intrinsically safe circuits ! 

 
 
Cable 
 

Only cable according to optek's specifications may be used. The safety relevant parameters Ccable and Lcable 
for the intrinsically safe circuits are listed in the installation drawings. Shielding and isolation resistance (> 
2000 M /km) of the cable are essential for the operation of the photometer. 
 
Electrical connection 
 

Both, the flameproof housing for the lamp and the detector housing have fixed connection cables (2 m). 
The installation drawings H04510 A sheets 2/14 to 14/14 provide necessary additional information. Local 
regulations are not in the scope of these drawings, but may require additional attention. 
 
Armatures 
 

All standard armatures - including those with  measuring cells made from plastic material TFM4215 - are 
electrically conductive. The measuring cells made of TFM 4215 have a specific bulk resistance of 1000 
Ohm x cm and a surface resistance of 1000 Ohm according to DIN 53 482 to realize protection against 
ignition by electrostatic discharge (ESD protection). 
 
Combination with option “HT” (high temperature): 
 

The corresponding temperature class grouping is listed in section 2.2. Sensors-EX-HT may require an 
additional grounding of the detector housing to derive electrostatic charge (ESD protection). 
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2 Technical data 
 
2.1 Converter CONTROL 4000  
 
Deviations from the hardware and software manuals: 
 

• Converter must be installed in a safe location. 
• Maximal line voltage is limited to 250 VAC. 
• Power supply (fixed):  
 115/230 V AC, selectable (93,5 - 132 / 187 - 250 V AC, 47 - 64 Hz). 
• All other terminals are limited to maximal 250V AC as well. 
• Over voltage category is II according to EN 61010. 
• Contamination category is 2 according to EN 61010. 
• Ambient temperature for the converters is: 
 -20°C (- 4°F)  Tamb  +55°C (+131°F). 
•  Converter is built with up to four safety shunts IO-11.A . 
•  Converter may have optek sensor inputs [C] and [D] NON I.S.. 
•  Converter C4000 EN-D is marked in accordance with DMT 02 ATEX E 176. 
•  Connection of sensors-EX to converters without EX-marking is not permitted. 
•  Connection of standard sensors (not Ex) to converters with EX-marking is not permitted.  
 However, use gets possible after removal of the EX-marking (label). 
•  Connection of the converter C4000 EN-D is done in accordance with the installation drawings 
 H04510 A, sheet 2/14 through sheet 14/14. 
• Exchange or replacement orders for converters with part numbers according to section 4.9. 
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2 Technical data  
 
2.2.1 Sensors AF16-EX-HT, AF26-EX-HT, TF16-EX-HT 
 
Deviations from hardware and software manuals 
 

Please use part numbers in section 4.10 for exchange or replacement parts 
 

The maximum allowed process temperature depends on the ambient temperature and on the temperature 
classes as follows: 
 
Temperature class grouping AF16-EX, AF26-EX, TF16-EX: 
 

T-class Ambient temperature (Tamb) Process temperature 
T6   (85°C / 185°F) -30°C - +40°C (-22°F - +104°F) -30°C - +  40°C (-22°F - +104°F) 
T5 (100°C / 212°F) -30°C - +60°C (-22°F - +140°F) -30°C - +  60°C (-22°F - +140°F) 
T4 (135°C / 275°F) -30°C - +40°C (-22°F - +104°F) -30°C - +120°C (-22°F - +248°F) 
T4 (135°C / 275°F) -30°C - +50°C (-22°F - +122°F) -30°C - +110°C (-22°F - +230°F) 
T4 (135°C / 275°F) -30°C - +60°C (-22°F - +140°F) -30°C - +100°C (-22°F - +212°F) 

 
Temperature class grouping AF16-EX-HT, AF26-EX-HT, TF16-EX-HT: 
 

T-class Ambient temperature (Tamb) Process temperature 
T6   (85°C / 185°F) -30°C - +40°C (-22°F - +104°F) -30°C - +  70°C (-22°F - +158°F) 
T5 (100°C / 212°F) -30°C - +40°C (-22°F - +104°F) -30°C - +100°C (-22°F - +212°F) 
T5 (100°C / 212°F) -30°C - +50°C (-22°F - +122°F) -30°C - +  90°C (-22°F - +194°F) 
T5 (100°C / 212°F) -30°C - +60°C (-22°F - +140°F) -30°C - +  80°C (-22°F - +176°F) 
T4 (135°C / 275°F) -30°C - +40°C (-22°F - +104°F) -30°C - +120°C (-22°F - +248°F) 
T4 (135°C / 275°F) -30°C - +50°C (-22°F - +122°F) -30°C - +110°C (-22°F - +230°F) 
T4 (135°C / 275°F) -30°C - +60°C (-22°F - +140°F) -30°C - +100°C (-22°F - +212°F) 
T3 (200°C / 392°F) -30°C - +40°C (-22°F - +104°F) -30°C - +180°C (-22°F - +356°F) 
T3 (200°C / 392°F) -30°C - +50°C (-22°F - +122°F) -30°C - +160°C (-22°F - +320°F) 
T3 (200°C / 392°F) -30°C - +60°C (-22°F - +140°F) -30°C - +140°C (-22°F - +284°F) 
T2 (300°C / 572°F) -30°C - +40°C (-22°F - +104°F) -30°C - +240°C (-22°F - +464°F) 
T2 (300°C / 572°F) -30°C - +50°C (-22°F - +122°F) -30°C - +220°C (-22°F - +428°F) 
T2 (300°C / 572°F) -30°C - +60°C (-22°F - +140°F) -30°C - +200°C (-22°F - +392°F) 

 
 
 All data listed above are valid only under the following conditions: 
 • Free air circulation is not hindered around lamp and detector arms ! 
 • Sensor is installed in a vertical pipe ! 
 • Lamp and detector arms are installed horizontally ! 
 • Heat transfer to the sensor is due to the process temperature ! 
 • There is no icing on the sensor ! 
 • Appropriate material for the armature is use ! 
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Process temperatures below may occur short term in the absence of hazardous 
atmosphere. 
 
Short term: max. 15 min./day 
Possible process temperature AF16- , AF26- , TF16-  : 
 

Ambient temperature (Tamb) EX EX-HT 
-30°C - +40°C (  -22°F - +104°F) -30°C - +150°C (-22°F - +302°F) -30°C - +260°C (-22°F - +500°F) 
-30°C - +50°C (  -22°F - +122°F) -30°C - +140°C (-22°F - +284°F) -30°C - +240°C (-22°F - +464°F) 
-30°C - +60°C (  -22°F - +140°F) -30°C - +130°C (-22°F - +266°F) -30°C - +220°C (-22°F - +428°F) 

 
 
Short term: max. 30 min./day 
Possible process temperature AF16- , AF26- , TF16- : 
 

Ambient temperature (Tamb) EX EX-HT 
-30°C - +40°C (  -22°F - +104°F) -30°C - +140°C (-22°F - +284°F) -30°C - +250°C (-22°F - +482°F) 
-30°C - +50°C (  -22°F - +122°F) -30°C - +130°C (-22°F - +266°F) -30°C - +230°C (-22°F - +446°F) 
-30°C - +60°C (  -22°F - +140°F) -30°C - +120°C (-22°F - +248°F) -30°C - +210°C (-22°F - +410°F) 

 
 
 
 
 All data listed above are valid only under the following conditions: 
 • Free air circulation is not hindered around lamp and detector arm ! 
 • Sensor is installed in a vertical pipe ! 
 • Lamp and detector arms are installed horizontally ! 
 • Heat transfer to the sensor is due to the process temperature ! 
 • There is no icing on the sensor ! 
 • Appropriate material for the armature is use ! 
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2 Technical data  
 
2.2.2 Sensors AF45-EX-HT, AF46-EX-HT 
 
Deviations from hardware and software manuals 
 
Please use part numbers in section 4.10 for exchange or replacement parts 
 
The maximum allowed process temperature depends on the ambient temperature and on the temperature 
classes as follows: 
 
Temperature class grouping AF45-EX, AF46-EX: 
 

T-class Ambient temperature (Tamb) Process temperature 
T6   (85°C / 185°F) -30°C - +40°C (-22°F - +104°F) -30°C - +  40°C (-22°F - +104°F) 
T5 (100°C / 212°F) -30°C - +60°C (-22°F - +140°F) -30°C - +  60°C (-22°F - +140°F) 
T4 (135°C / 275°F) -30°C - +40°C (-22°F - +104°F) -30°C - +  70°C (-22°F - +158°F) 
T4 (135°C / 275°F) -30°C - +50°C (-22°F - +122°F) -30°C - +  70°C (-22°F - +158°F) 
T4 (135°C / 275°F) -30°C - +60°C (-22°F - +140°F) -30°C - +  70°C (-22°F - +158°F) 

 
 
Temperature class grouping AF45-EX-HT, AF46-EX-HT: 
 

T-class Ambient temperature (Tamb) Process temperature 
T6   (85°C / 185°F) -30°C - +40°C (-22°F - +104°F) -30°C - +  70°C (-22°F - +158°F) 
T5 (100°C / 212°F) -30°C - +40°C (-22°F - +104°F) -30°C - +100°C (-22°F - +212°F) 
T5 (100°C / 212°F) -30°C - +50°C (-22°F - +122°F) -30°C - +  90°C (-22°F - +194°F) 
T5 (100°C / 212°F) -30°C - +60°C (-22°F - +140°F) -30°C - +  80°C (-22°F - +176°F) 
T4 (135°C / 275°F) -30°C - +40°C (-22°F - +104°F) -30°C - +120°C (-22°F - +248°F) 
T4 (135°C / 275°F) -30°C - +50°C (-22°F - +122°F) -30°C - +110°C (-22°F - +230°F) 
T4 (135°C / 275°F) -30°C - +60°C (-22°F - +140°F) -30°C - +100°C (-22°F - +212°F) 

 
 
 
 All data listed above are valid only under the following conditions: 
 • Free air circulation is not hindered around lamp and detector arm ! 
 • Sensor is installed in a vertical pipe ! 
 • Lamp and detector arms are installed horizontally ! 
 • Heat transfer to the sensor is due to the process temperature ! 
 • There is no icing on the sensor ! 
 • Appropriate material for the armature is use ! 
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Process temperatures below may occur short term in the absence of hazardous 
atmosphere. 
 
Short term: max. 15 min./day 
Possible process temperature AF45- , AF46-  : 
 

Ambient temperature (Tamb) EX EX-HT 
-30°C - +40°C (  -22°F - +104°F) -30°C - +135°C (-22°F - +275°F) -30°C - +150°C (-22°F - +302°F) 
-30°C - +50°C (  -22°F - +122°F) -30°C - +125°C (-22°F - +257°F) -30°C - +140°C (-22°F - +284°F) 
-30°C - +60°C (  -22°F - +140°F) -30°C - +115°C (-22°F - +239°F) -30°C - +130°C (-22°F - +266°F) 

 
 
Short term: max. 30 min./day 
Possible process temperature AF45- , AF46- : 
 

Ambient temperature (Tamb) EX EX-HT 
-30°C - +40°C (  -22°F - +104°F) -30°C - +120°C (-22°F - +248°F) -30°C - +140°C (-22°F - +284°F) 
-30°C - +50°C (  -22°F - +122°F) -30°C - +110°C (-22°F - +230°F) -30°C - +130°C (-22°F - +266°F) 
-30°C - +60°C (  -22°F - +140°F) -30°C - +100°C (-22°F - +212°F) -30°C - +120°C (-22°F - +248°F) 

 
 
 All data listed above are valid only under the following conditions: 
 • Free air circulation is not hindered around lamp and detector arm ! 
 • Sensor is installed in a vertical pipe ! 
 • Lamp and detector arms are installed horizontally ! 
 • Heat transfer to the sensor is due to the process temperature ! 
 • There is no icing on the sensor ! 
 • Appropriate material for the armature is use ! 
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2 Technical data  
 

2.3.1 Marking C4000 with AF16-EX-HT, AF26-EX-HT, TF16-EX-HT 
 

Marking of the photometers is illustrated below with C4000/AF26-EX-HT as an example. The type 
plates for converter and sensor show in the last line the matching serial numbers. The label 
between detector inputs identifies them to be intrinsically safe. 
 

 
A02710 A3.TIF 
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2 Technical data  
 

2.3.2 Marking C4000 with AF45-EX-HT, AF46-EX-HT 
 

Marking of the photometers is illustrated below with C4000/AF46-EX-HT as an example. The type 
plates for converter and sensor show in the last line the matching serial numbers. The label 
between detector inputs identifies inputs [A] and [B] only as intrinsically safe. Inputs [C] and [D] 
must not be connected to intrinsically safe circuits.   

 
A02720 A2.TIF 
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3 Installation 
 
3.1 General installation notes 
 
We explicitly point out that the instructions and conditions listed in the approval reports must be 
observed. All respective national and local installation and operation regulations must be observed 
as well. 
 
Additionally, we give the following instructions: 
 
 1)  The sensor has to be installed in such a way that the optical arms are oriented horizontally. 
 
 2) The temperature limits according to section 2.2 may not be exceeded. 
 
 3) All data regarding the temperature class grouping are only valid under the following 

conditions: 
   • Free air circulation is not hindered around lamp and detector arm. 
   • Sensor has to be installed in a vertical pipe. 
   • Lamp and detector arms are installed horizontally. 
   • Heat transfer to the sensor is due to the process temperature. 
   • There is no icing on the sensor. 
   • Appropriate material for the armature is used. 
 
 4)  Connection boxes and/ or conduit seals for the lamp cable have to be in accordance with the local 

regulations, they are not in the scope of delivery by optek. 
 
 5)  Connection boxes for intrinsically safe circuits have to be in accordance with the local regulations, 

they are not in the scope of delivery by optek. 
 
 6)  The clearance between separate intrinsically safe circuits in one connection box has to be more 

than 6 mm. 
 
 7)  With the high temperature versions of sensors (-HT), the intermediate parts made of plastic which 

thermally isolate the lamp and detector arm from the armature, have to be provided with the 
warning: 

 
   “Attention! Danger of electrostatic charge! Clean only with a wet cloth.” 
 
  if their accessible surface is 100 cm2 or more. 
 
 8)  Sensors AF45-EX-HT and AF46-EX-HT have both intrinsically safe detector circuits [A], [B] and 

non intrinsically safe detector circuits [C], [D]. Separation of these circuits is required. Refer to 
installation drawings below for details.  

 
 9)  Be sure marking is according to section 2.3 and corresponds to the installation drawing. 
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3 Installation 
 
3.2 Space requirement and weight of sensors 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data include the space requirements for maintenance as well. The space requirement is the same for 
sensors-EX and sensors-EX-HT The data include armatures with opl’s up to 60 mm. With larger OPL’s it 
should be added half and half on both sides.  
 

 Lamp arm (mm) Detector arm (mm) 
Sensor Length Diameter Length Diameter 
AF16-EX-HT 550 100 350 100 
AF26-EX-HT 550 100 350 120 
TF16-EX-HT 550 100 350 120 
AF45-EX-HT 550 150 350 100 
AF46-EX-HT 550 150 350 120 

 
Weight of sensors without armature: 
  

Sensor Weight (kg) Sensor Weight (kg) 
AF16-EX-HT 3,0 AF16-EX 3,7 
AF26-EX-HT 3,1 AF26-EX 3,8 
TF16-EX-HT 3,1 TF16-EX 3,8 
AF45-EX-HT 5,6 AF45-EX 6,1 
AF46-EX-HT 5,7 AF46-EX 6,2 

  
Weight of typical armatures with OPL < 60 mm:  
 

Armature (kg) DIN 
2633 

DIN 
11851 

ASME 
150 lbs 

Clamp 
TC 

DN  25 / 1.0’’  4,1 1,7 3,8 1,8 
DN  40 / 1.5’’  5,4 2,6 5,1 1,8 
DN  50 / 2.0’’  6,7 2,4 6,8 1,8 
DN  65 / 2.5’’ 7,4 2,4 9,5 2,0 
DN  80 / 3.0’’  9,9 3,1 12,3 2,0 
DN100 / 4.0’’  12,7 4,9 17,1 - - - 

 
 
 Check with armatures using measuring cells made from plastic whether or not additional 
 support for the lamp arm is necessary (ex. with vibrations in the pipe) !  
 
 

  Lamp arm Armature Detector arm 
   OPL < 60 mm  

 
A02840-A1 EN-D.TIF
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3 Installation 
 

3.3 Installation drawing C4000/AF16-EX-HT, EN-D 

 
H04510-A1_2-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1711 of 2133



 EX-PROOF C4000 UVN EN-D  1.1 

EX-Proof C4000 UVN EN-D, Ver 1.1.doc optek Danulat GmbH  D-45356 Essen  Germany Page 21
 

Installation notes C4000/AF16-EX-HT, EN-D 
 

The system consists of two components, the converter C4000 and the sensor AF16-EX or AF16-EX-HT, 
which are interconnected with two cables. The detector cable is not compatible with earlier delivered cables 
of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter type C4000. It 
is not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 

Only sensor AF16-EX or sensor AF16-EX-HT should be connected to the associated converter type 
C4000 (see serial-no. on type plates), as both parts of the system are calibrated together. 
 
 
 Circuit [A] is intrinsically safe and connected to terminal [A] ! 
  
 
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 
 • [E]  6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
 • [C], [B], [D]  Detector inputs not in use 
 

• [F]   Lamp output not in use 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.4 Installation drawing C4000/AF26-EX-HT, EN-D 

 
H04510-A1_3-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF26-EX-HT, EN-D 
 

The system consists of two components, the converter C4000 and the sensor AF26-EX or AF26-EX-HT, 
which are interconnected with three cables. The detector cable is not compatible with earlier delivered 
cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 

Only sensor AF26-EX or sensor AF26-EX-HT should be connected to the associated converter type 
C4000 (see serial-no. on type plates), as both parts of the system are calibrated together. 
 
 
 Circuit [A] is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] is intrinsically safe and connected to terminal [C] ! 
  
 
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 
 • [C]  3,   4,   5  Detector cable to reference channel sensor I 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 
 • [E]  6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
 • [B], [D],   Detector inputs not in use 
 

• [F]   Lamp output not in use 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.5 Installation drawing C4000/TF16-EX-HT, EN-D 

 
H04510-A1_4-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/TF16-EX-HT, EN-D 
 

The system consists of two components, the converter C4000 and the sensor TF16-EX or TF16-EX-HT, 
which are interconnected with three cables. The detector cable is not compatible with earlier delivered 
cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter type C4000. It 
is not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 

Only sensor TF16-EX or sensor TF16-EX-HT should be connected to the associated converter type 
C4000 (see serial-no. on type plates), as both parts of the system are calibrated together. 
 
 
 Circuit [A] is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] is intrinsically safe and connected to terminal [C] ! 
  
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 
 • [C]  3,   4,   5  Detector cable to reference channel sensor I 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 
 • [E]  6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
 • [B], [D],   Detector inputs not in use 
 

• [F]   Lamp output not in use 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.6 Installation drawing C4000/AF45-EX-HT, EN-D 

 
H04510-A1_5-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page.  

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1717 of 2133



 EX-PROOF C4000 UVN EN-D  1.1 

EX-Proof C4000 UVN EN-D, Ver 1.1.doc optek Danulat GmbH  D-45356 Essen  Germany Page 27
 

Installation notes C4000/AF45-EX-HT, EN-D 
 

The system consists of two components, the converter C4000 and the sensor AF45-EX or AF45-EX-HT, 
which are interconnected with three cables. The detector cable is not compatible with earlier delivered 
cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter type C4000. It 
is not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 7,00 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 

Only sensor AF45-EX or AF45-EX-HT should be connected to the associated converter C4000 (see 
serial-no. on type plates), as both parts of the system are calibrated together. 
 
 Circuit [A] is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] is not intrinsically safe and connected to terminal [C] ! 
  
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to sensor I, measurement channel, intrinsically safe  
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 
 • [C]  3,   4,   5  Detector cable to sensor I, reference channel, not intrinsically safe  
    3 = white (C3)  4 = brown (C4)  5 = black (C5) 
 
 • [E]  6,   7  Lamp cable to sensor 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
 • [B], [D],   Detector inputs not in use 
 

• [F]   Lamp output not in use 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.7 Installation drawing C4000/AF46-EX-HT, EN-D 

 
H04510-A1_6-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF46-EX-HT, EN-D 
 

The system consists of two components, the converter C4000 and the sensor AF46-EX or AF46-EX-HT, 
which are interconnected with five cables. The detector cable is not compatible with earlier delivered cables 
of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 7,00 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 
Only sensor AF46-EX or AF46-EX-HT should be connected to the associated converter C4000 (see 
serial-no. on type plates), as both parts of the system are calibrated together. 
 
 Circuit [A] is intrinsically safe and connected to terminal [A] ! 
 Circuit [B] is intrinsically safe and connected to terminal [B] ! 
  
 Circuit [C] is not intrinsically safe and connected to terminal [C] ! 
 Circuit [D] is not intrinsically safe and connected to terminal [D] ! 
 
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel I, intrinsically safe circuit  
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [C]  3,   4,   5  Detector cable to reference channel I, not intrinsically safe circuit 
    3 = white (C3)  4 = brown (C4)  5 = black (C5) 
 

• [B]  1,   2,   5  Detector cable to measurement channel II, intrinsically safe circuit  
    1 = white (B3)  2 = brown (B4)  5 = gray (B5) 
 

• [D]  3,   4,   5  Detector cable to reference channel II, not intrinsically safe circuit 
    3 = white (D3)  4 = brown (D4)  5 = gray (D5) 
 
 • [E]  6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
 • [F]   Lamp output not in use 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
 
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.8 Installation drawing C4000/AF16-EX-HT/AF16-EX-HT, EN-D 

 
H04510-A1_7-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF16-EX-HT/AF16-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensor AF16-EX or AF16-EX-
HT, which are interconnected with four cables. The detector cable is not compatible with earlier delivered 
cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 
Only sensor AF16-EX or sensor AF16-EX-HT should be connected to the associated converter 
C4000 (see serial-no. on type plates), as both parts of the system are calibrated together. 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [A] sensor II is intrinsically safe and connected to terminal [C] ! 
  
 
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [E]  6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
  
 • [C]    3,   4,   5  Detector cable to sensor II 
    3 = white (A1)  4 = brown (A2)  5 = black (A5) 
 

 • [F]  6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
 • [B], [D]  Detector inputs not in use 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
 
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.9 Installation drawing C4000/AF26-EX-HT/AF26-EX-HT, EN-D 

 
H04510-A1_8-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF26-EX-HT/AF26-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensor AF26-EX or type AF26-
EX-HT, which are interconnected with six cables. The detector cable is not compatible with earlier delivered 
cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 

Only sensor AF26-EX or sensor AF26-EX-HT should be connected to the associated converter 
C4000 (see serial-no. on type plates), as both parts of the system are calibrated together. 
 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] sensor I is intrinsically safe and connected to terminal [C] ! 
  
 Circuit [A] sensor II is intrinsically safe and connected to terminal [B] ! 
 Circuit [C] sensor II is intrinsically safe and connected to terminal [D] ! 
 
 
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [C]    3,   4,   5  Detector cable to reference channel sensor I 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 

 • [E]   6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • [B]  1,   2,   5  Detector cable to measurement channel sensor II 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [D]    3,   4,   5  Detector cable to reference channel sensor II 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 

 • [F]   6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
 
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.10 Installation drawing C4000/TF16-EX-HT/TF16-EX-HT, EN-D 

 
H04510-A1_9-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page.  
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Installation notes C4000/TF16-EX-HT/TF16-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensor TF16-EX or TF16-EX-
HT, which are interconnected with six cables. The detector cable is not compatible with earlier delivered 
cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 
Only sensor TF16-EX or sensor TF16-EX-HT should be connected to the associated converter type 
C4000 (see serial-no. on type plates), as both parts of the system are calibrated together. 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] sensor I is intrinsically safe and connected to terminal [C] ! 
  
 Circuit [A] sensor II is intrinsically safe and connected to terminal [B] ! 
 Circuit [C] sensor II is intrinsically safe and connected to terminal [D] ! 
 
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [C]    3,   4,   5  Detector cable to reference channel sensor I 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 

 • [E]   6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • [B]  1,   2,   5  Detector cable to measurement channel sensor ÍI 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [D]    3,   4,   5  Detector cable to reference channel sensor II 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 

 • [F]   6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.11 Installation drawing C4000/AF45-EX-HT/AF45-EX-HT, EN-D 

 
H04510-A1_10-14_EN-D.TIF 
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF45-EX-HT/AF45-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensor AF45-EX or AF45-EX-
HT, which are interconnected with six cables. The detector cable is not compatible with earlier delivered 
cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter type C4000. It 
is not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensor should be 7,00 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 
Only sensor AF45-EX or AF45-EX-HT should be connected to the associated converter type C4000 
(see serial-no. on type plates), as both parts of the system are calibrated together. 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] sensor I is not intrinsically safe and connected to terminal [C] ! 
  
 Circuit [A] sensor II is intrinsically safe and connected to terminal [B] ! 
 Circuit [C] sensor II is not intrinsically safe and connected to terminal [D] ! 
 
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to sensor I, measurement channel, intrinsically safe  
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [C]    3,   4,   5  Detector cable to sensor I, reference channel, not intrinsically safe 
    3 = white (C3)  4 = brown (C4)  5 = black (C5) 
 

 • [E]   6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • [B]  1,   2,   5  Detector cable to sensor II, measurement channel, intrinsically safe 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [D]    3,   4,   5  Detector cable to sensor II, reference channel, not intrinsically safe 
    3 = white (C3)  4 = brown (C4)  5 = black (C5) 
 

 • [F]   6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.12 Installation drawing C4000/AF26-EX-HT/AF16-EX-HT, EN-D 

 
H04510-A1_11-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF26-EX-HT/AF16-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensors AF26-EX or AF26-EX-
HT and AF16-EX or AF16-EX-HT, which are interconnected with five cables. The detector cable is not 
compatible with earlier delivered cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensors should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 
Only sensor AF26-EX, AF26-EX-HT or sensor AF16-EX, AF16-EX-HT should be connected to the 
associated converter C4000 (see serial-no. on type plates), as both parts of the system are calibrated 
together. 
 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] sensor I is intrinsically safe and connected to terminal [C] ! 
 

 Circuit [A] sensor II is intrinsically safe and connected to terminal [B] ! 
  
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [C]    3,   4,   5  Detector cable to reference channel sensor I 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 

 • [E]   6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • [B]  1,   2,   5  Detector cable to measurement channel sensor II  
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
    
 • [F]   6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 

• [D]      Detector input not in use 
 

Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
 
 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1730 of 2133



 EX-PROOF C4000 UVN EN-D  1.1 

Page 40 optek Danulat GmbH  D-45356 Essen  Germany EX-Proof C4000 UVN EN-D, Ver 1.1.doc 
 

 

3 Mounting 
 

3.13 Installation drawing C4000/TF16-EX-HT/AF16-EX-HT, EN-D 

 
H04510-A1_12-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/TF16-EX-HT/AF16-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensors TF16-EX or TF16-EX-
HT and AF16-EX or AF16-EX-HT, which are interconnected with five cables. The detector cable is not 
compatible with earlier delivered cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensors should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery.  
 
Only sensor TF16-EX, TF16-EX-HT or sensor AF16-EX, AF16-EX-HT should be connected to the 
associated converter C4000 (see serial-no. on type plates), as both parts of the system are calibrated 
together. 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] sensor I is intrinsically safe and connected to terminal [C] ! 
 

 Circuit [A] sensor II is intrinsically safe and connected to terminal [B] ! 
  
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel sensor I  
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [C]    3,   4,   5  Detector cable to reference channel sensor I 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 

 • [E]   6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • [B]  1,   2,   5  Detector cable to measurement channel sensor II 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [F]   6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 

• [D]    3,   4,   5  Detector input not in use 
 

Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.14 Installation drawing C4000/AF45-EX-HT/AF16-EX-HT, EN-D 

 
H04510-A1_13-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF45-EX-HT/AF16-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensors AF45-EX or AF45-EX-
HT and AF16-EX or AF16-EX-HT, which are interconnected with five cables. The detector cable is not 
compatible with earlier delivered cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensors should be 7,00 V DC for the AF45-EX-HT and 4,80 V DC for 
the AF16-EX-HT. It is absolutely necessary to adjust the lamp voltage with respect to the cable 
length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 
Only sensor AF45-EX, AF45-EX-HT or sensor AF16-EX, AF16-EX-HT should be connected to the 
associated converter C4000 (see serial-no. on type plates), as both parts of the system are calibrated 
together. 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] sensor I is not intrinsically safe and connected to terminal [C] ! 
 

 Circuit [A] sensor II is intrinsically safe and connected to terminal [B] ! 
  
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to sensor I, measurement channel, intrinsically safe 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [C]    3,   4,   5  Detector cable to sensor I, reference channel, not intrinsically safe 
    3 = white (C3)  4 = brown (C4)  5 = black (C5) 
 

 • [E]   6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • [B]  1,   2,   5  Detector cable to sensor II, measurement channel, intrinsically safe  
    1 = white (A1)  2 = brown (A2)  5 = gray (A5) 
 

 • [F]   6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 

• [D]    3,   4,   5  Detector input not in use 
 
 

Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
 
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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3 Mounting 
 

3.15 Installation drawing C4000/AF26-EX-HT/TF16-EX-HT, EN-D 

 
H04510-A1_14-14_EN-D.TIF  
 

See additional information regarding the installation drawing on next page. 
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Installation notes C4000/AF26-EX-HT/TF16-EX-HT, EN-D 
 

The system consists of three components, the converter C4000 and the two sensors AF26-EX or AF26-EX-
HT and TF16-EX or TF16-EX-HT, which are interconnected with six cables. The detector cable is not 
compatible with earlier delivered cables of the X12-series!!! 
The connection is either to the 115/230 V AC or  to the 24 V AC/DC version of the converter C4000. It is 
not permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter. 
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits 
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 400 m / 
1312 ft. is permitted for all gases and vapors in group II (IIA, IIB, IIC according to EN 50014, 50018 and 
50020). With longer cables the installation is permitted only in hazardous locations with groups IIB and IIA. 
The voltage drop across the lamp cable requires a reduction of the cable resistance with cable length 
above 150 m / 492 ft.. The data for the cross sections in the installation drawing are for guidance only. 
The lamp voltage at the working sensors should be 4,80 V DC. It is absolutely necessary to adjust 
the lamp voltage with respect to the cable length (please refer to the standard manual). 
It is recommended to connect the lamp cable (2 m / 6,5 ft.) preferably flexible, as the lamp housing must be 
unscrewed for lamp replacement (see section 4). 
The cable connection of the intrinsically safe detector module may be removed directly at the sensor. The 
connector inside the cable connection allows easy and safe replacement of the detector module (see 
section 4). 
Terminal boxes for intrinsically safe or non intrinsically safe circuits are not in the scope of delivery. 
 
Only sensor AF26-EX, AF26-EX-HT or sensor TF16-EX, TF16-EX-HT should be connected to the 
associated converter type C4000 (see serial-no. on type plates), as both parts of the system are 
calibrated together. 
 
 Circuit [A] sensor I is intrinsically safe and connected to terminal [A] ! 
 Circuit [C] sensor I is intrinsically safe and connected to terminal [C] ! 
 

 Circuit [A] sensor II is intrinsically safe and connected to terminal [B] ! 
 Circuit [C] sensor II is intrinsically safe and connected to terminal [D] ! 
  
Terminal connections: 
 
 • [A]  1,   2,   5  Detector cable to measurement channel sensor I 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 • [C]  3,   4,   5  Detector cable to reference channel sensor I 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 • [E]  6,   7  Lamp cable to sensor I 
    6 = white or blue (6)    7 = brown (7) 
 
 • [B]  1,   2,   5  Detector cable to measurement channel sensor II  
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 

 • [D]  3,   4,   5  Detector cable to reference channel sensor II 
    3 = white (C3)  4 = brown (C4)  5 = gray (C5) 
 

 • [F]  6,   7  Lamp cable to sensor II 
    6 = white or blue (6)    7 = brown (7) 
 
 • L, N, PE  L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 
Fuses for 230 V AC:  2 x SB 1,60 A (already installed at factory) 
Fuses for 115 V AC:  2 x SB 1,60 A (already installed at factory) 
     
Fuses for 24 V AC/DC:  2 x SB 3,15 A (already installed at factory with option: 24 V AC/DC) 
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4 Maintenance  
 

4.1.1  Lamp replacement AF45-EX-HT / AF46-EX-HT 
 

 
 

Description: 
 

  1 window side of housing 32L265-N05 
  2 lamp holder 
  3 fixing screw for lamp module:  
 M4 x 10 (DIN 912) 
  4 lamp module AF45-EX 
  5 cable for reference detector [C] 
  (AF46 has second cable for reference 
  detector [D] with different pinning) 
 6 2 screws for lamp holder:  
  M5 x 25, DIN 912 with washer, DIN 7980 
  7 power converter HVPS 

 
 

 8 cover housing 32L265-N05 
  9 4 screws for cover 
  M5 x 12, DIN 912 with washer, DIN 7980 
 10 sensor cable 3 for lamp and detector [C] circuits 
 11 external grounding terminal 
 12 O-ring (60.05 x 1.78 mm), EPDM 
 13 2 pole connector for lamp module 
14  3 pole connector reference detector [C]  
 (AF46 has second connector for reference  
 detector [D] with different pinning) 
15  O-ring (50.52 x 1.78 mm), Viton   
 

 
 Lamp module replacement: 
 

  Loosen screws (9)  
  pull out cover (8) with complete assembly 
  disconnect lamp connector (13), 2-poles 
  disconnect connector circuit [C] (14), 3-poles 
    disconnect connector circuit [D] (AF46 only) 
  Loosen screws (6) and separate lamp holder 
  Loosen screws (3) and replace lamp module 
  push lamp forward against stop and tighten screw (3) 
  assemble lamp holder and tighten screws (6) with torque 4,5 Nm 
  connect lamp circuit (13)  

 connect detector circuits [C], [D] (14) (connectors have different pinning) 
  insert complete assembly  in housing and tighten screws (9) with torque 4,5 Nm 
  check system zero prior to return to normal operation 
 
 
 The lamp housing must not be opened in hazardous atmosphere while energized ! 

Allow 10 minutes cool down for the housing before you open it ! 
 Internal voltage is up to 900 V AC  -  Do not operate disassembled ! 
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Lamp voltage adjustment: 
The lamp voltage is adjusted at the converter. Its value depends on the type of sensor as well as on the 
cable length. It is listed in the sensor manual. Lamp voltage may not surpass the value given with respect 
to the installed cable length. The nominal voltage of 7.0 VDC at the sensor must not be exceeded during 
normal operation. In case of lamp failure, the voltage rises to a so-called open loop voltage. This is 
harmless under safety aspects because in this case a reduced power consumption occurs due to reduced 
current. 
 
Soil: 
We recommend to remove soil with Isopropanole in the window area of the lamp housing as well as on all 
other optical elements. 
 
 
Part numbers for replacement lamp module: 

Sensor EN-D  AF45-EX  AF45-EX-HT AF46-EX  AF46-EX-HT  
Lamp module 254 / P285  2100-1100-01 2100-1100-01 2100-1100-01 2100-1100-01 
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4 Maintenance  
 

4.1.2 Reference detector / filter replacement 45-EX-HT / AF46-EX-HT 
 

 
 
 
 

Description: 
 

  1 window side of housing 32L265-N05 
  2 lamp holder 

3 reference detector [C] pcb  
 (AF46 has second pcb reference detector [D] ) 

  4 optical filter 
  5 3 screws M3 x 6, DIN 7985 

 
 

 6 3 pin connector reference detector [C]  
  (AF46 has second connector for reference 
  detector [D] with different pinning)  
 7 cover housing 32L265-N05 
  8 4 screws for cover 
  M5 x 12, DIN 912 with washer, DIN 7980 
  

 
 Detector / filter replacement: 
 

  loosen screws (8)  
  pull out cover (7) with complete assembly 
  disconnect connectors (6)  
  Loosen screws (5) and separate detector pcb 
  replace optical filter (4) 
  assemble detector pcb with all parts 
  tighten screws (5) 
  connect circuits (6) 
  insert lamp holder in housing and tighten screws (8) with torque 4,5 Nm 
  check system zero prior to return to normal operation 
 
 
 The lamp housing must not be opened in hazardous atmosphere while energized ! 

Allow 10 minutes cool down for the housing before you open it ! 
 Internal voltage is up to 900 V AC  -  Do not operate disassembled ! 
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4 Maintenance  
 

4.2 Lamp replacement AF16-EX-HT / AF26-EX-HT / TF16-EX-HT  
 

 
 

Description: 
 

  1 window side housing 17L132-N05 
  2 lamp module 
  3 O-ring 10,10 x 1,60 mm, Viton  
  4 lamp connector AMP 11-4 
  5 O-ring 28,30 x 1,78 mm, EPDM 
 

 
 
 6 cover housing 17L132-N05 
  7  4 screws M4x10, DIN 912 with washers, DIN 7980 
  8  lamp cable 
  9  approved cable gland, sealed in place 
10  external grounding terminal 
 

 
Lamp module replacement: 
 

  loosen screws (7)  
  pull out cover (6) 
  turn ring of lamp connector (4) loose (counter clockwise) 
  replace lamp module 
  turn ring of lamp connector (4) tight (clockwise) 
  Tighten screws (7) with torque 2,6 Nm. 
  check system zero prior to return to normal operation 
 
 

 The lamp housing must not be opened in hazardous atmosphere while energized ! 
Allow 10 minutes to cool down before you open the housing ! 

 
 
Lamp voltage adjustment: 
The lamp voltage which is adjusted at the converter. Its value depends on the type of sensor as well as on 
the cable length. It is listed in the sensor manual. Lamp voltage may not surpass the value given with 
respect to the installed cable length. The nominal voltage of 5.0 VDC must not be exceeded during normal 
operation. In case of lamp failure, the voltage rises to a so-called open loop voltage. This is harmless under 
safety aspects because in this case a reduced power consumption occurs due to reduced current. 
 
 
Part numbers for replacement lamp and optic modules: 
Sensor EN-D AF16-EX  AF16-EX-HT AF26-EX  AF26-EX-HT TF16-EX  TF16-EX-HT 
Lamp module 2100-0252-02 2100-0252-02 2100-0254-02 2100-0254-02 2100-0250-02 2100-0250-02
Optic module 2300-0350-00 2300-0370-00 2300-0352-00 2300-0372-00 2300-0356-00 2300-0376-00
 
The optic module is located in the adapter, not in the lamp housing. 
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4 Maintenance  
 

4.3.1 Detector module replacement AF16-EX-HT, AF45-EX-HT 
 
 

A01630B1.TIF 

Description: 
1 detector arm, EN-D  
2 O-ring 21.95 x 1.78 mm 
3 detector module AF16-EX-HT, AF45-EX-HT 
4 4 x screws M3 x 12, DIN 7985  
 with washer 
5 intrinsically safe cable connection  
 EXVAS1-1,  
 (AMP 11-9 inside) 

 
The intrinsically safe detector modules may be changed in the field during operation. 
 
Detector module replacement: 
 

  loosen screws (4)  
  remove cable connection (5) from detector arm (1)   
  remove outer O-ring (2)  
  remove detector module (3) 
  replace inner O-ring (2), make sure that the O-ring sits in the groove 
  insert new detector module (3) 
  replace outer O-ring (2), make sure that the O-ring sits in the groove 
   connect (3) and (5), 9-pole connector with locking mate 
  tighten all four screws (4) 
  check system zero prior to return to normal operation 
 
 
Part numbers for replacement detector modules, EN-D: 

Sensor EN-D AF16 V-EX AF16 V-EX-HT AF16 N-EX AF16 N-EX-HT
Detector module  2500-0156-20 2500-0176-20 2500-0157-20 2500-0177-20 

 
Sensor EN-D AF16 F-EX AF16 F-EX-HT AF45-EX AF45-EX-HT 

Detector module  2500-0158-20 2500-0178-20 2500-1156-20 2500-1156-20 
 
Specify AF16-F and AF45 in addition with the wavelength or associated serial number. 
 
 
 
Replacement of the I.S. connecting cable 
 

The connecting cable EXVAS1-1, EN-D for the intrinsically safe detector module is sealed inside. Replace 
completely if necessary. 
 
Part numbers for replacement cable connection, 2m, I.S.: 

Sensor EN-D AF16-EX  AF16-EX-HT AF45-EX  AF45-EX-HT 
Connecting cable 6001-0002-04 6001-0002-04 6001-0002-36 6001-0002-36
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4 Maintenance  
 

4.3.2 Detector module replacement AF26-EX-HT, TF16-EX-HT, AF46-EX-HT 
 
 

 
A01630B1.TIF 

Description: 
 
1 detector module AF26-EX-HT, TF16-EX-HT, 
 AF46-EX-HT, EN-D 
2 O-ring 21.95 x 1.78 mm 
3 connector AMP 11-9 
4 4 x screws M3 x 12, DIN 7985  
 with washer 
5 intrinsically safe cable connection  
 EXVAS1-2, EN-D 
 (AMP 11-9 inside) 

 
The intrinsically safe detector modules may be changed in the field during operation. 
 
Detector module replacement: 
 

  loosen screws (4)  
  remove cable connection (5) from detector module (1)   
  remove outer O-ring (2)  
  remove detector module (3) 
  replace inner O-ring (2), make sure that the O-ring sits in the groove 
  insert new detector module (3) 
  replace outer O-ring (2), make sure that the O-ring sits in the groove 
   connect (3) and (5), 9-pole connector with locking mate 
  tighten all four screws (4) 
  check system zero prior to return to normal operation 
 
Part numbers for replacement detector modules, EN-D: 

Sensor EN-D AF26-EX AF26-EX-HT TF16-EX TF16-EX-HT AF46-EX AF46-EX-HT
Detector module  2500-0256-20 2500-0276-20 2500-0456-20 2500-0476-20 2500-1356-20 2500-1356-20

 
Specify AF26 and AF46 detector modules in addition with the wavelength combination or associated serial 
number. 
 
 
Replacement of the I.S. connecting cable 
 

The connecting cable EXVAS1-2, EN-D for the intrinsically safe detector module is sealed inside. Replace 
completely if necessary. 
 

Part numbers for replacement cable connections, 2m, I.S.: 
Sensor EN-D AF26-EX  AF26-EX-HT TF16-EX  TF16-EX-HT  

Connecting cable 6001-0002-14 6001-0002-14 6001-0002-14 6001-0002-14 
 

Sensor EN-D AF46-EX  AF46-EX-HT 
Connecting cable 6001-0002-46 6001-0002-46
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4 Maintenance  
 

4.4 Exploded view AF16-EX, AF16-EX-HT 

 
 

Description: 

  1 armature, for details see armature manual 

2 window ring M24, part of armature 

3 O-ring 25.12 x 1.78 mm, Viton® 

4 lamp adapter AF16-EX, 1.4571 (316 Ti) with optic module AF16-EX 

  5 O-ring 31.47 x 1.78 mm, Viton® 

6 lamp housing 17L132-N05, stainless steel, 

 including lamp module AF16-EX 

7 ATEX approved cable gland ½”NPT, EEx d IIC, stainless steel, sealed in place  

 with fixed lamp cable , 2 m, grey 

  8 detector adapter AF16-EX, 1.4571 (316 Ti) 

  9 optical housing (OP06), 1.4571 (316 Ti) 

10 O-ring 21.95 x 1.78 mm, Viton® 

11 detector module AF16-EX ( -N, -V or –F depending on wavelength range), circuit [A] 

12 4 screws M3 x 12, DIN 7985 with washer, DIN 7980, 1.4571 (316 Ti) 

13 cable connection EXVAS1-1, stainless steel plug protector 

 with one fixed detector cable, 2 m, blue, circuit [A] 

 

Changes for sensor AF16-EX-HT: 

  4 lamp adapter AF16-EX-HT, PEEK, with optic module AF16-EX-HT 

  8 detector adapter AF16-HT, PEEK 

11 detector module AF16-EX-HT 

 

 Lamp module AF16-EX is used with AF16-EX-HT as well. 
 

Lamp arm Detector arm 
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4 Maintenance  
 

4.5 Exploded view AF26-EX, AF26-EX-HT 

 
 

Description: 

  1 armature, for details see armature manual 

  2 window ring M24, part of armature 

  3 O-ring 25.12 x 1.78 mm, Viton® 

  4 lamp adapter AF26-EX, 1.4571 (316 Ti) with optic module AF26-EX 

  5 O-ring 31.47 x 1.78 mm, Viton® 

  6 lamp housing 17L132-N05, stainless steel, 

  including lamp module AF26-EX 

 7 ATEX approved cable gland ½”NPT, EEx d IIC, stainless steel, sealed in place  

 with fixed lamp cable , 2 m, grey 

  8 detector module AF26-EX, 1.4571 (316 Ti) 

  9 O-ring 21.95 x 1.78 mm, Viton® 

10  connector AMP 11-9, two circuits [A], [C] 

11 4 screws M3 x 12, DIN 7985 with washer, DIN 7980, 1.4571 (316 Ti) 

12 cable connection EXVAS1-2, stainless steel plug protector 

 with two fixed detector cables, 2 m, blue, circuits [A], [C] 

 

Changes for sensor AF26-EX-HT: 

  8 detector module AF26-EX-HT 

  4 lamp adapter AF26-EX-HT, PEEK, with optic module AF26-EX-HT 

 

 Lamp module AF26-EX is used with AF26-EX-HT as well. 

 

A02780A1.TIF 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1744 of 2133



 EX-PROOF C4000 UVN EN-D  1.1 

Page 54 optek Danulat GmbH  D-45356 Essen  Germany EX-Proof C4000 UVN EN-D, Ver 1.1.doc 
 

 

4 Maintenance  
 

4.6 Exploded view TF16-EX, TF16-EX-HT 

 
Description: 

  1 armature, for details see armature manual 

  2 window ring M24, part of armature 

  3 O-ring 25.12 x 1.78 mm, Viton® 

  4 lamp adapter TF16-EX, 1.4571 (316 Ti) with optic module TF16-EX 

  5 O-ring 31.47 x 1.78 mm, Viton® 

  6 lamp housing 17L132-N05, stainless steel, 

 including lamp module TF16-EX 

  7 ATEX approved cable gland ½”NPT, EEx d IIC, stainless steel, sealed in place  

 with fixed lamp cable , 2 m, grey 

8 window ring M58, part of armature 

9 O-ring 50.52 x 1.78 mm, Viton® 

10 detector module TF16-EX, 1.4571 (316 Ti) 

11 O-ring 21.95 x 1.78 mm, Viton® 

12  connector AMP 11-9, two circuits [A], [C] 

13 4 screws M3 x 12, DIN 7985 with washer, DIN 7980, 1.4571 (316 Ti) 

14 cable connection EXVAS1-2, stainless steel plug protector 

 with two fixed detector cables, 2 m, blue, circuits [A], [C] 

 

Changes for sensor TF16-EX-HT: 

10 detector module TF16-EX-HT 

  4 lamp adapter TF16-EX-HT, PEEK, with optic module TF16-EX-HT 

 

 Lamp module TF16-EX is used with AFT6-EX-HT as well. 
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4 Maintenance  
 

4.7 Exploded view AF45-EX, AF45-EX-HT  

 
 

 

Description: 

  1 armature, for details see armature manual 

2 window ring M58, part of armature 

3 O-ring 50.52 x 1.78 mm, Viton® 

4 lamp adapter AF45-EX, 1.4571 (316 Ti)  

   with two connectors M5 for AirPurge, screw M5 x 6, DIN 84 with O-ring 4 x 1 mm, Viton®  

  5 O-ring 60.05 x 1.78 mm, EPDM 

  6 lamp housing 32L265-N05, stainless steel, 

 including lamp module AF45-EX and lamp power converter 

7 ATEX approved cable gland ½”NPT, EEx d IIC, stainless steel, sealed in place  

 with fixed sensor cable 3 , 2 m, grey (includes lamp and detector [C] circuits) 

  8 window ring M24, part of armature 

  9 O-ring 25.12 x 1.78 mm, Viton® 

10 detector adapter AF45-EX, 1.4571 (316 Ti) 

11 O-ring 31.47 x 1.78 mm, Viton® 

12 optical housing (OP06), 1.4571 (316 Ti) 

13 O-ring 21.95 x 1.78 mm, Viton® 

14 detector module AF45-EX, circuit [A] 

15 4 screws M3 x 12, DIN 7985 with washer, DIN 7980, 1.4571 (316 Ti) 

16 cable connection EXVAS1-1, stainless steel plug protector 

 with one fixed detector cable, 2 m, blue, circuit [A] 
 

Changes for sensor AF45-EX-HT: 

  4 lamp adapter AF45-EX-HT, PEEK, 

10 detector adapter AF45-EX-HT, PEEK 

14 detector module AF45-EX-HT 
 

 Lamp module AF45-EX is used with AF45-EX-HT as well.  
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4 Maintenance  
 

4.8 Exploded view AF46-EX, AF46-EX-HT 

 
 
 

Description: 

  1 armature, for details see armature manual 

2 window ring M58, part of armature 

3 O-ring 50.52 x 1.78 mm, Viton® 

4 lamp adapter AF46-EX, 1.4571 (316 Ti)  

 with two connectors M5 for AirPurge, screw M5 x 6, DIN 84 with O-ring 4 x 1 mm, Viton® 

  5 O-ring 60.05 x 1.78 mm, EPDM 

  6 lamp housing 32L265-N05, stainless steel, 

 including lamp module AF46-EX and lamp power converter 

7 two ATEX approved cable glands ½”NPT, EEx d IIC, stainless steel, sealed in place  

 with fixed sensor cable 3 , 2 m, grey (includes lamp and detector [C] circuits) 

 with fixed sensor cable 4, 2 m, grey (detector [D] circuit) 

  8 window ring M24, part of armature 

  9 O-ring 25.12 x 1.78 mm, Viton® 

10 detector module AF46-EX, 1.4571 (316 Ti) 

11 O-ring 21.95 x 1.78 mm, Viton® 

12  connector AMP 11-9, two circuits [A], [B] 

13 4 screws M3 x 12, DIN 7985 with washer, DIN 7980, 1.4571 (316 Ti) 

14 cable connection EXVAS1-2, stainless steel plug protector 

 with two fixed detector cables, 2 m, blue, circuits [A], [B] 

 

Changes for sensor AF46-EX-HT: 

  4 lamp adapter AF46-EX-HT, PEEK 

10 detector module AF46-EX-HT 
 

 Lamp module AF46-EX is used with AF46-EX-HT as well. 

 Reference detector AF46-EX is used with AF46-EX-HT as well. 
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4 Maintenance  
 

4.9 Exchange converter C4000 
 
The converters C4000 EN-D are built inside similar to the previous versions EN-C. The safety relevant 
parameters have not changed. However,  marking is different due to the new approval.  Please order 
replacement converters with the following part numbers: 
 

Installation drawing Basic 
configuration

Part number 
X 1) Notes 

C4000/AF16-EX-HT 4121 503X – 4121 – 3300 [A] I.S. 
 4101 530X – 4101 – 3300 without IO-12 
C4000/AF26-EX-HT 4221 503X – 4221 – 3500 [A] I.S. , [C] I.S. 
 4201 530X – 4201 – 3500 without IO-12 
C4000/TF16-EX-HT 4221 503X – 4221 – 3500 [A] I.S. , [C] I.S. 
 4201 530X – 4201 – 3500 without IO-12 
C4000/AF45-EX-HT 4221 503X – 4221 – 3400 [A] I.S. , [C] NON I.S. 
 4201 530X – 4201 – 3400 without IO-12 
C4000/AF46-EX-HT 4422 503X – 4422 – 3440 [A], [B] I.S., [C], [D] NON I.S. 
 4402 not available without IO-12 
C4000/AF16-EX-HT/AF16-EX-HT 4222 503X – 4222 – 3500 [A] I.S. , [C] I.S. 
 4202 530X – 4202 – 3500 without IO-12 
C4000/AF26-EX-HT/AF26-EX-HT 4422 503X – 4422 – 3550 [A], [B] I.S., [C], [D] I.S. 
 4402 not available without IO-12 
C4000/TF16-EX-HT/TF16-EX-HT 4422 503X – 4422 – 3550 [A], [B] I.S., [C], [D] I.S. 
 4402 not available without IO-12 
C4000/AF45-EX-HT/AF45-EX-HT 4422 503X – 4422 – 3440 [A], [B] I.S., [C], [D] NON I.S. 
 4402 not available without IO-12 
C4000/AF26-EX-HT/AF16-EX-HT 4322 503X – 4322 – 3530 [A], [C] I.S., [B] I.S. 
 4302 not available without IO-12 
C4000/TF16-EX-HT/AF16-EX-HT 4322 503X – 4322 – 3530 [A], [C] I.S., [B] I.S. 
 4302 not available without IO-12 
C4000/AF45-EX-HT/AF16-EX-HT 4322 503X – 4322 – 3430 [A], [B] I.S., [C] NON I.S. 
 4302 not available without IO-12 
C4000/AF26-EX-HT/TF16-EX-HT 4422 503X – 4422 – 3550 [A], [B] I.S., [C], [D] I.S. 
 4402 not available without IO-12 
 
 X 1)  Part number for C4000 with line voltage 115/230 VAC starts with 5030- 

  Part number for C4000 with line voltage 24 V DC/AC starts with 5031- 
 
The C4000 can handle one and/or two input boards MA-11. Spare boards have the repair address #15 that 
will be automatically identified and overwritten with the correct address by the C4000 software. The same 
spare boards could be used for inputs [A], [C] and [B], [D], if identical hardware (intrinsically safe inputs) are 
usable. However, spare boards must be installed one at a time. The revision codes for hardware and 
software may be higher than the original ones. 
 
It is not recommended to transform a standard converter into an ex-proof converter in the field. Marking 
and testing of the converter would require additional attention, consult factory for further information.  
An ex-proof converter may be used with standard sensors, but ex-marking must be removed permanently 
from the converter prior to use. It is not permitted to use such a converter with an ex-proof sensor later, as 
safety may have been affected adversely. 
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4 Maintenance  
 

4.10 Spare parts  
 
Converter C4000 EN-D 
115/230 VAC with REMOTE IN Optek sensor inputs Part-number 2 - 3 years 

operation 1) 
C4121 (AF16-EX) [A] I.S. 5030-4121-3300 
C4221  (AF45-EX) [A] I.S. , [C] NON I.S. 5030-4221-3400 
C4221  (AF26-EX, TF16-EX) [A] I.S. , [C] I.S. 5030-4221-3500 
C4222  (2xAF16-EX) [A] I.S. , [C] I.S. 5030-4222-3500 
C4322  (AF45-EX + AF16-EX) [A], [B] I.S., [C], NON I.S. 5030-4322-3430 
C4322  (AF26-EX + AF16-EX, ….) [A], [B] I.S., [C], I.S. 5030-4322-3530 
C4422  (AF46-EX, 2xAF45-EX) [A], [B] I.S., [C], [D] NON I.S. 5030-4422-3440 
C4422  (2xAF26-EX, 2xTF16, …..) [A], [B] I.S., [C], [D] I.S 5030-4422-3550 

One spare 
converter  

per 10 units  

 

Converter C4000 EN-D 
115/230 VAC without REMOTE IN Optek sensor inputs Part-number 2 - 3 years 

operation 1)  
C4101 (AF16-EX) [A] I.S. 5030-4101-3300 
C4201  (AF45-EX) [A] I.S. , [C] NON I.S. 5030-4201-3400 
C4201  (AF26-EX, TF16-EX) [A] I.S. , [C] I.S. 5030-4201-3500 
C4202  (2xAF16-EX) [A] I.S. , [C] I.S. 5030-4202-3500 

One spare 
converter  

per 10 units  

 

Converter C4000 EN-D 
24 V AC/DC with REMOTE IN Optek sensor inputs Part-number 2 - 3 years 

operation 1)  
C4121 (AF16-EX) [A] I.S. 5031-4121-3300 
C4221  (AF45-EX) [A] I.S. , [C] NON I.S. 5031-4221-3400 
C4221  (AF26-EX, TF16-EX) [A] I.S. , [C] I.S. 5031-4221-3500 
C4222  (2xAF16-EX) [A] I.S. , [C] I.S. 5031-4222-3500 
C4322  (AF45-EX + AF16-EX) [A], [B] I.S., [C], NON I.S. 5031-4322-3430 
C4322  (AF26-EX + AF16-EX, ….) [A], [B] I.S., [C], I.S. 5031-4322-3530 
C4422  (AF46-EX, 2xAF45-EX) [A], [B] I.S., [C], [D] NON I.S. 5031-4422-3440 
C4422  (2xAF26-EX, 2xTF16-EX, …..) [A], [B] I.S., [C], [D] I.S 5031-4422-3550 

One spare 
converter  

per 10 units  

 

Converter C4000 EN-D 
24 V AC/DC without REMOTE IN Optek sensor inputs Part-number 2 - 3 years 

operation 1) 
C4101 (AF16-EX) [A] I.S. 5031-4101-3300 
C4201  (AF45-EX) [A] I.S. , [C] NON I.S. 5031-4201-3400 
C4201  (AF26-EX, TF16-EX) [A] I.S. , [C] I.S. 5031-4201-3500 
C4202  (2xAF16-EX) [A] I.S. , [C] I.S. 5031-4202-3500 

One spare 
converter  

per 10 units  

 

Fuses C4000  (5 ea.) Rating   
(5 x 20 mm, SB) 

Part-number 2 - 3 years 
operation 1)  

115 V AC 1,6 A 0405-5033-00 
230 V AC 1,6 A 0405-5033-00 
24 V DC/AC 3,15 A 0405-5034-00 

One set  
per 5 units  

 

1)  Recommended spare parts for typical operation over 2 –3 years. 
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Lamp module (1 ea.) EX EX-HT 2 - 3 years 
operation 1)  

AF16-V 2100-0252-02 2100-0252-02
AF16-N 2100-0252-02 2100-0252-02
AF16-F 2100-0252-02 2100-0252-02
AF26 2100-0254-02 2100-0254-02
TF16 2100-0250-02 2100-0250-02

One  
per sensor  

AF45 (254 / P285) 2100-1100-01 2100-1100-01
AF46 (254 / P285) 2100-1100-01 2100-1100-01

One  
per sensor  

 

Optic module (1 ea.) EX EX-HT 2 - 3 years 
operation 1)  

AF16-V 2300-0350-00 2300-0370-00
AF16-N 2300-0350-00 2300-0370-00
AF16-F 2300-0350-00 2300-0370-00
AF26 2300-0352-00 2300-0372-00
TF16 2300-0356-00 2300-0376-00

One 
per 

10 sensors 

 

Detector module (1 ea.) EX 
EN-D 

EX-HT 
EN-D 

2 - 3 years 
operation 1)  

AF16-V 2500-0156-20 2500-0176-20
AF16-N 2500-0157-20 2500-0177-20
AF16-F* 2500-0158-20 2500-0178-20
AF26* 2500-0256-20 2500-0276-20
TF16 2500-0456-20 2500-0476-20

One 
per 

5 sensors 

AF45* 2500-1156-20 2500-1156-20
AF46* 2500-1356-20 2500-1356-20
AF45- / AF46-Ref [C]* 2500-1201-20 2500-1201-20
AF46-Ref-[D]* 2500-1202-20 2500-1202-20

One 
per 

5 sensors 
 

 *= Specify wavelength with the order ! 
 

Gaskets 2)   (4 ea.) Material Viton® 2 - 3 years 
operation 1) 2)   

O-ring    4,00 x 1,00 Viton® 0208-4005-02
O-ring  10,10 x 1,60 Viton® 0208-4004-02
O-ring  18,77 x 1,78 Viton® 0208-4007-02
O-ring  21,95 x 1,78 Viton® 0208-4001-02
O-ring  25,12 x 1,78 Viton® 0208-4002-02
O-ring  28,30 x 1,78 EPDM  0208-4013-03
O-ring  31,47 x 1,78 Viton® 0208-4003-02
O-ring  50,52 x 1,78 Viton® 0208-4006-02
O-ring  60,05 x 1,78 EPDM  0208-4010-03

One set 
 
 

 

Screws (10 ea.) 
(stainless steel A4-70) Part-number 2 - 3 years 

operation 1)   
M5 x 12, DIN  912, incl. washer M5, DIN7980 0101-1017-03
M5 x   6, DIN    84, incl. O-Ring 4 x 1, Viton® 0101-1004-03
M4 x 10, DIN  912, incl. washer M4, DIN7980 0101-1003-03
M3 x 12, DIN7985, incl. washer M3, DIN7980 0101-1002-03

One set  

 
1)  Recommended spare parts for typical operation over 2 –3 years. 
2)  Replace O-rings after disassembly ! 
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5 Certificates  
 

5.1 optek-Danulat GmbH “EC-Declaration of Conformity” 
 

 
EC-Declaration of Conformity  

 
 
We 
 

 
optek-Danulat GmbH 
 

 
Address 
 

Emscherbruchallee 2 
D-45356 Essen 
Deutschland 

 

declare in sole responsibility, that the products  
 
 

Designation 
 

Photometer Type C4000 UVN EN-D 

 
Model, part-no. 
 

 

Converter: C4101, C4121, C4201, C4221,  
 C4202, C4222, C4322, C4422 
Sensors: AF16-EX-HT, AF26-EX-HT, AF45-EX-HT, 
 AF46-EX-HT, TF16-EX-HT 
 

 
fulfill the requirements in the 
following norms and standards: 
 
 
 
 
 
 
 
 
 
 
 

EN 61 010-1 1993-04
EN 50 081-1 1992-01
EN 50 081-2 1993-08
EN 50 082-1 1992-01
prEN 50 082-1 1994-08
EN 50 082-2 1995-03
ENV 50 140 1993-08
ENV 50 141 1993-08
ENV 50 142 1993-08
prEN 61 000-4-2 1995-05
prEN 61 000-4-4 1995-05
prEN 61 000-4-5 1995-03
DIN EN 61 000-4-11 1995-04

AD 2000 Regelwerk  2000 
EN 50 014  1997 
EN 50 018  2000 
EN 50 020  1994 
EN 50 039  1980 

 

and consequently meet the regulations in: 
 

 
EC-directive: 
 

 

73/23/EC Low voltage Directive 
89/336/EC EMI Directive 
93/68/EC CE-Marking Directive 
97/23/EC  Pressure Equipment Directive 
94/09/EC ATEX Directive  
 

 
Location and date of issue: 
 

 
Essen, March 19 th 2003 
 

 
Signature of person in charge: 
 
 

 
Stephan Danulat 

 

This declaration is in accordance with EN 45 014. 
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5 Certificates  
 

5.2 DIN EN ISO 9001 : 2000 
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5 Certificates 
 

5.3 Approval as manufacturer according to ATEX 
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5 Certificates 
 

5.4 RW-TÜV GmbH “GS-mark“ 
 
The regulations of the European Directive for technical equipment are met. The tests according to EN 
61010-1 also cover the requirements of the low voltage regulation which is due since January 1st, 1997. 
After checking our systems RWTÜV attested the compliance with a statement of authorization (1064/96). 
Therefore our instruments are labeled with the GS-mark. 
 

 
 

 RWTUEV2944-99_C4000.TIF 
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6 EX-Certificates of conformity 
 

6.1 DMT 02 ATEX E 176 (SYST) 
 

 

English version of this  
certificate not yet received  

from certification body ! 
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6 EX-Certificates of conformity 
 

6.1 DMT 02 ATEX E 176 (SYST) 
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6 EX-Certificates of conformity 
 

6.1 DMT 02 ATEX E 176 (SYST) 
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6 EX-Certificates of conformity 
 

6.1 DMT 02 ATEX E 176 (SYST) 
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6 EX-Certificates of Conformity 
 

6.2 DMT 02 ATEX E 175  
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6 EX-Certificates of Conformity 
 

6.2 DMT 02 ATEX E 175,  
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6 EX-Certificates of Conformity 
 

6.2 DMT 02 ATEX E 175,  
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6 EX-Certificates of Conformity 
 

6.2 DMT 02 ATEX E 175,  
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7 Fax Reply 
 
to: optek-Danulat GmbH 
 Emscherbruchallee    Phone: (++49) 201 / 63 40 90 
 45356 Essen (GERMANY)   Fax:  (++49) 201 / 63 40 9999 
              
from: Company: 
              
 Name: 
              
 Department: 
              
 Street: 
              
 ZIP-Code / City: 
              
 Phone : 
              
 Fax: 
              
 
Dear Sirs, 
 
Please forward the following information to the responsible manager. 
 
O I am interested in Inline-Photometry - please keep me informed. 
 
O The following colleague in our company may be interested in Inline-Photometry: 
 
  name:            
 
  department:           
 
  phone:            
 
O I am interested in the following application: 
 
              
 
              
 
              
 
O We are already using your equipment - model:        
 
O We are using another manufacturer:         
 
O Please call me. 
              
 
 I found the instruction manual for model         
 
      good O O O O O not good 
 
 I suggest following improvements:          
 
              
 
              
 
Best regards 
 
Date / Signature 
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Instructions-Manual 
VERSION 2.0 

SOFTWARE-RELEASE A 0.93 
DATED MAY 1, 2000 

 
 

CONTROL 4000 
 

• SENSOR AF16 
• SENSOR AF26 
• SENSOR AF45 
• SENSOR AF46 
• SENSOR TF16 

 
 

Part 1  -  Hardware 
      Part 2 -  Software (refer to specific documentation) 
      Part 3 -  Ex-Proof (refer to specific documentation) 
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Preface 
 
This instruction manual is written in such a way that all necessary information is given to provide correct 
practice and trouble-free operation. 
 
It is explicitly pointed out that no responsibility is accepted in case of loss or damage however caused on 
the use of this instruction manual and the included description of the products. 
 
Due to reasons of printing technique, the following illustrations correspond only roughly to the real appea-
rance of the products. This instruction manual is protected by copyright. However, the user may produce 
copies and translations if required for the correct operation of the products. 
 
On request this instruction manual is available in different languages and can also be supplied on CD 
(Acrobat® Reader 4.0). 
 
Our products are under constant development - technical data is subject to change without notice. 
 
 
 
 
Essen, May 2000 
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For further information please contact      or your local agent 
 
 optek-Danulat GmbH 
 Emscherbruchallee 2 • 45356 Essen • Deutschland 
 Phone  ++49 - (0)201 - 63 40 9-0 
 Fax  ++49 - (0)201 - 63 40 9-999 
 e-mail  info@optek.de 
 
 optek Geschäftsstelle Südwest 
 Wilhelm-Maybach-Str. 11 • Mainz • Deutschland 
 Phone  ++49 - (0)6131 - 58 20 15 
 Fax  ++49 - (0)6163 - 50 40 26 
 e-mail  info@optek.de 
 
 optek-Danulat bv  
 Staalweg 18 • 4104 AT Culemborg • Niederlande 
 Phone  ++31 - (0)345 - 65 03 01 
 Fax  ++31 - (0)345 - 65 03 61 
 e-mail  info@optek.nl 
 
 optek-Danulat, Inc. 
 N118 W18748 Bunsen Drive 
 Germantown • WI 53022 • USA 
 Phone  ++1 - 262 - 437 - 3600 
 Fax  ++1 - 262 - 437 - 3699 
 e-mail  info@optek.com 
 
 
 INTERNET: http://www.optek.com 
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Part 2 -  Software   (refer to specific documentation) 
Part 3 -  Ex-proof    (refer to specific documentation) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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1 System description 
 
1.1 Converter Control 4000 
 
 
CONTROL 4000 is the all-round 
converter for optek sensors: 
 
 • AF16-N 
    (1-Beam-Absorption NIR) 
 • AF16-F 
    (1-Beam-Absorption Color) 
 • AF26 
    (2-Beam-Absorption Color) 
 • AF45 
    (2-Beam-Absorption UV) 
 • AF46 
    (4-Beam-Absorption UV) 
 • TF16 
    (2-Beam-Scattered light) 
 
 
 
 
Functions of converter CONTROL 4000: 
 
The complete application spectrum is realized by converter CONTROL 4000 in connection with different 
inline sensors. The measurement of turbidity, concentration, color and UV-absorption with extensive 
sensor diagnostic belongs to the application range just as the calculation and linearization of results with 
compensation of external effects, i.e. pressure and temperature. To save you hard conversion, CONTROL 
4000 gives by request not only the absorption or color, but also directly the concentration result. Stored 
product tables and the possibility to store individual datas ensure enough room even when products often 
change. 
 
The product change is a function which potentiality of efficient micro 
processor technology converts directly into application comfort. If the 
process medium changes or you change your batch process CONTROL 
4000 not only switches over to another range, but also to a complete 
different measuring method. While switching over new alarms and 
ranges will be considered as well as physical units, calculation of results, 
temperature compensation and calibration factors. In 8 different files per 
output you can store different product parameters. The product change 
can be execute at converter or by remote (I/O). 
 
The data logger plots four selectable results in a selectable time raster and shows them graphically at the 
display. You can follow process run and compare change of results. This is your possibility to see any 
existing correlation and in this way to define new parameters for process control. Access protection is 
always ensured because of user levels protected by passwords for regarding, routine adjustments and 
specialists. CONTROL 4000 meets highest safety demands. The instruments are interference proof – also 
near transmitters and turbines – and fulfil EMC-regulations according to CE und NAMUR. The self 
diagnostic system controls equally all proceedings of converter and sensors. Four sensor inputs allows 
redundant measurement or simultaneous control of several parameters. 
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CONTROL 4000 - connection feasibilities: 

 
 
 
 
 
 
 
 
 
 
 
 

3 x alarm, 1 x system failure 

remote-I/O - remote-zero 2 x lamp voltage 

mA-OUT: 4 x 0 - 20 mA / 4 - 20 mA

mA-IN: 2 x 4 - 20mA 

optek-IN: A, B, C, D 

115/230 V AC oder 24 V AC/DC 
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1 System description 
 
1.2 Sensor AF16-N 
 
 

1 Sensor body 
2 Window 
3 Filter (NIR) 
4 Detector 
5 Optics module 
6 Lamp 
 
 
 
 
 
 
 

 
The model AF16-N is a very precise single beam concentration sensor. It measures the attenuation of the 
light intensity brought about by the process medium. The AF16-N sensor, manufactured in stainless steel, 
is designed for inline operation. Its modular construction allows maximum flexibility in the adaption to the 
process without affecting the quality of the measurement. The process medium is penetrated by a precisely 
focused, constant light beam. A hermetically 
sealed photo-electric silicon cell measures 
the light intensities and transmits the 
resulting photo-current to the amplifier. The 
change in the light intensity, caused by ab-
sorption and/or scattering by substances in 
the medium, is described by Lambert-Beer´s 
law: the logarithm of the transmission loss is 
proportional to the concentration of the 
substance. This is applicable to dissolved as 
well as to undissolved substances. Depen-
ding on the respective properties of the 
medium, the concentration of substances 
can be measured both in ppm- and %-
ranges. The sensor type AF16-N uses the light in near infrared (NIR) range from 730 to 970 nm which 
makes measurement independant from color changes. 
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1 System description 
 
1.3 Sensor AF16-F 
 
 

1 Sensor body 
2 Window 
3 Filter (VIS) 
4 Detector 
5 Optics module 
6 Lamp 
 
 
 
 
 
 
 

 
The model AF16-F is a very precise single beam color sensor. It measures the attenuation of the light 
intensity brought about by the process medium. The AF16-F sensor, manufactured in stainless steel, is 
designed for inline operation. Its modular construction allows maximum flexibility in the adaption to the 
process without affecting the quality of the measurement. The process medium is penetrated by a precisely 
focused, constant light beam. A hermetically 
sealed photo-electric silicon cell measures 
the light intensities and transmits the 
resulting photo-current to the amplifier. The 
change in the light intensity, caused by ab-
sorption and/or scattering by substances in 
the medium, is described by Lambert-Beer´s 
law: the logarithm of the transmission loss is 
proportional to the concentration of the 
substance. This is applicable to dissolved as 
well as to undissolved substances. Depen-
ding on the respective properties of the 
medium, the concentration of substances 
can be measured both in ppm- and %-
ranges. The sensor type AF16-F uses the light in range from 385 to 1100 nm. The use of an optical filter on 
the detector side allows to adapt the wave range to the measuring task of the individual application. 
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1 System description 
 
1.4 Sensor AF26 
 
 

1 Sensor body 
2 Window 
3 Beam splitter 
4 Filter (i.e. NIR) 
5 Detector 
6 Filter (i.e. 420 nm) 
7 Detector 
8 Optics module 
9 Lamp 
 
 
 
 

 
The model AF26 is a very precise dual beam color sensor. It measures the attenuation of the light intensity 
brought about by the process medium. The AF26 sensor, manufactured in stainless steel, is designed for 
inline operation. Its modular construction allows maximum flexibility in the adaption to the process without 
affecting the quality of the measurement. Its modular construction allows maximum flexibility in the adaption 
to the process without affecting the quality of 
the measurement. The process medium is 
penetrated by a precisely focused, constant 
light beam. With the dual beam absorption 
measurement the light beam is devided into 
two beams on the detector side and is 
passed through two interference-filters to the 
detectors. Two hermetically sealed photo-
electric silicon cells measure the light 
intensities and transmit the resulting photo-
currents to the amplifier. The change in the 
light intensity, caused by absorption and/or 
scattering by substances in the medium, is 
described by Lambert-Beer´s law: the loga-
rithm of the transmission loss is proportional to the concentration of the substance. This is applicable to dis-
solved as well as to undissolved substances. Depending on the respective properties of the medium, even 
smallest changes in color intensity can be measured by choosing a specific combination of optical 
pathlength (OPL) and optical filters. The sensor type AF26 uses the light in the visible (VIS) and/or near 
infrared (NIR) range from 385 to 1100 nm. Because of the used reference wavelength varying background 
turbidity is compensated. 
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1 System description 
 
1.5 Sensor AF45 
 
 

1 Sensor body 
2 Window 
3 Filter (UV) 
4 Detector 
5 Reference detector 
6 UV-Lamp 
 
 
 
 
 
 
 

 
The UV-concentration monitor model AF45 is a very precise dual beam absorption photometer. It measures 
the attenuation of the light intensity brought about by the process medium. The AF45 sensor, manufactured 
in stainless steel, is designed for inline operation. Its modular construction allows maximum flexibility in the 
adaption to the process without affecting the quality of the measurement. The process medium is 
penetrated by a precisely focused, constant 
light beam (UV). A hermetically sealed 
photo-electric silicon cell measures the light 
intensities and transmits it as photo-current 
to the amplifier. A second hermetically 
sealed photo-electric silicon cell measures 
the light intensities of the lamp itsself to 
compensate for lamp ageing. The change in 
the light intensity, caused by absorption 
and/or scattering by substances in the me-
dium, is described by Lambert-Beer´s law: 
the logarithm of the transmission loss is 
proportional to the concentration of the 
substance. This is applicable to dissolved as 
well as to undissolved substances. Depending on the respective properties of the medium, the concen-
tration of substances can be measured both in ppm- and %-ranges. The sensor type AF45 uses the light in 
the UV. The use of an optical filter on the detector side allows to adapt the measuring wavelengths to 
individual applications. Therefore it is possible to do absorption measurements at 254, 280, 290, 300 or 313 
nm. The reference detector at the lamp side enables stable measurements combined with lowest 
maintenance. 
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1 System description 
 
1.6 Sensor AF46 
 
 

  1 Sensor body 
  2 Window 
  3 Beam splitter 
  4 Filter (i.e. 254 nm) 
  5 Measurement detector 
  6 Filter (i.e. 280 nm) 
  7 Measurement detector 
  8 Reference detector 
  9 Reference detector 
10 UV-Lamp 
 
 
 

 
The UV-concentration monitor model AF46 is a very precise four beam absorption photometer. It measures 
the attenuation of the light intensity brought about by the process medium. The AF46 sensor, manufactured 
in stainless steel, is designed for inline operation. Its modular construction allows maximum flexibility in the 
adaption to the process without affecting the quality of the measurement. The process medium is 
penetrated by a precisely focused, constant 
light beam (UV). Two hermetically sealed 
photo-electric silicon cells measure the light 
intensities and transmits it as photo-current 
to the amplifier. A second set of two 
hermetically sealed photo-electric silicon 
cells measure the light intensities of the lamp 
itsself to compensate for lamp ageing. The 
change in the light intensity, caused by ab-
sorption and/or scattering by substances in 
the medium, is described by Lambert-Beer´s 
law: the logarithm of the transmission loss is 
proportional to the concentration of the 
substance. This is applicable to dissolved as 
well as to undissolved substances. Depending on the respective properties of the medium, the concen-
tration of substances can be measured both in ppm- and %-ranges. The sensor type AF45 uses the light in 
the UV. The use of an optical filter on the detector side allows to adapt the measuring wavelengths to 
individual applications. Therefore it is possible to do absorption measurements simultaneously at 254 and 
at 280 nm (others on request). The reference detectors at the lamp side enable stable measurements 
combined with lowest maintenance. 
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1 System description 
 
1.7 Sensor TF16 
 
 

1 Sensor body 
2 Windows 
3 Optics module 
4 Detector (direct light) 
5 Detector (scattered light) 
6 Optiks module 
7 Lamp 
 
 
 
 
 
 

 
The model TF16 is a very precise dual beam scattered light sensor. It uses the forward scattered light (11°) 
in order to detect particle contents in the process medium. The TF16 sensor, manufactured in stainless 
steel, is designed for inline operation. Its modular construction allows maximum flexibility in the adaption to 
the process without affecting the quality of the measurement. The process medium is penetrated by a 
precisely focused, constant light beam. The 
light scattered from the particles in the 
medium is registered by the receiving optics 
by eight hermetically sealed silicon photo-
electric cells, over the angle of 11°. At the 
same time, the unscattered light gets 
registered as a direct beam by another 
photo-cell. The construction of the receiving 
optics guarantees that stray light produced 
in the measuring cell is excluded in the 
measurement. Direct beam and scattered 
beam almost cover the same distance due 
to the small scattering angle, hence it is 
possible to compensate for specific 
disturbances, such as color or color-changes of the carrier medium and window obscuration. The sensor 
type TF16 uses the light in the visible (VIS) and near infrared (NIR) range from 400 to 1100 nm. 
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2 Technical data 
 
2.1 Converter Control 4000 
 
 
housing:   • 19“-version for front panel mounting (front IP40 / rear IP20) 
    • 3 HE / 42 TE 
housing materials:  • stainless steel / polyester / silicon / glass / various plastics 
display:    • graphic display (240 x 128 pixel), LED-background illuminated 
      display-actualisation: 0,5 seconds 
    • 1 LED (green): power on 
    • 3 LED (yellow): alarm I, II, III 
    • 1 LED (red-flashing): lamp failure 
data logger:   • 4 results parallel 
    • in each case about 25.000 time points (resolution max. 1/second) 
    • cycle memory 
system clock:   • accuracy approx. 1 minute / month 
    • battery lifetime about 15 years 
operation:   18 push buttons keyboard 
mA-inputs:   • 4 - 20 mA 
    • galvanically isolated, min. 500 V DC 
    • accuracy: < 0,5 % 
    • resolution: < 0,05 % 
    • load:  200 Ohm 
remote-inputs:   18 - 29 V DC, typically 6,0 mA, für 
    • product choice (range) 
    • zero adjustment (remote-zero) 
    • hold 
relay-outputs:   0 - 50 V AC, 0 - 75 V DC, 0 - 2 A, one pole 
    selectable: alarm indicator / status feedback 
FAIL-SAFE:   1 SPDT contact to alarm in case of lamp or system failure (active) 
mA-outputs:   selectable: 0 - 20 mA / 4 - 20 mA (NAMUR) 
    • response time mA-outputs: T90 adjustable 0,15 to 100 seconds 
    • galvanically isolated, min. 500 V DC 
    • accuracy: < 0,5 % 
    • resolution: < 0,05 % 
    • load:  0 - 600 Ohm 
lamp outputs:   lamp supply (4,5 - 8,5 V DC) for optek-sensors 
ambient conditions:  • operation (no direct light): 
    - just converter:  -10°C (+14°F) to +55°C (+131°F) 
    - with housing S19-42: -20°C (   -4°F) to +45°C (+113°F) 
    - with housing B19-42: -10°C (+14°F) to +40°C (+104°F) 
    • transport:  -20°C (+14°F) to +70°C (+158°F) 
    • EN 61010-1 / 1994-03 / class 2 
    • EN 61010-1 / 1994-03 / category II 
system inside temperature: -20°C (   -4°F) to +75°C (+167°F) 
power supply (fixed):  115/230 V AC, selectable (93,5 - 132 / 187 - 264 V AC, 47 - 64 Hz) 
power consumption:  max. 50 VA 
cable lengths:   up to 400 m / 2186 ft. (depending on sensor) 
 
 
 
response time: 
optek-inputs:   1 mA to 500 pA 
linearity (converter):  typically < 0,1 %, max. 0,5 % 
accuracy (converter):  typically < 0,3 %, max. 0,5 % 
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Options:   • power supply (fixed) 24 V AC/DC (AC: 20,4 - 26,4 V AC, 47 - 64 Hz) 
         (DC: 20,4 - 28,8 V DC) 
    • B19-42-R-version for wall-mounting, plastic, IP66 
    • S19-42-R-version for wall-mounting, stainless steel, IP65 
    • P65-version for front panel mounting with gasket IP65 front side 
 
 
CONTROL 4000 - configuration feasibilities: 
 
 
configurations: CONTROL 4000 C4101 C4121 C4221 C4222 C4322 C4422 
input for für optek sensors 1 1 2 2 3 4 

mA-inputs - 2 2 2 2 2 

remote-inputs - 7 7 7 7 7 

relay-outputs 3 3 3 3 3 3 

FAIL-SAFE (active) 1 1 1 1 1 1 

mA-outputs 2 2 2 4 4 4 

lamp outputs for optek sensors 1 1 1 2 2 2 

connection feasibilities sensors:       

1 sensor AF16 x x x x x x 

1 sensor AF26   x x x x 

1 sensor AF45   x x x x 

1 sensor AF46      x 

1 sensor TF16   x x x x 

2 sensors AF16 + AF16    x x x 

2 sensors AF16 + AF26     x x 

2 sensors AF16 + AF45     x x 

2 sensors AF16 + TF16     x x 

2 sensors AF26 + AF26      x 

2 sensors AF26 + AF45 (not EX)      x 

2 sensors AF26 + TF16      x 

2 sensors AF45 + AF45       x 

2 sensors AF45 + TF16 (not EX)      x 

2 sensors TF16 + TF16      x 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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2 Technical dat 
 
2.2 Sensor AF16-N (AF16-N-HT) 
 
 
material:   measuring cell made of stainless steel 1.4571, SS 316 Ti (standard) 
special materials:  1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc. 
line size:   DN 6 - DN 300 (¼" - 12") 
process connections:  NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange, 
    sanitary thread (DIN 11851), SMS-thread, etc. 
gaskets:   NBR, silicon-rubber, Viton®, EPDM, Kalrez®, etc. 
windows:   Pyrex®, Sapphire 
process pressure:  • min. 10 mbar 
    • max. 500 bar, depending on process connection / material / design 
process temperature AF16: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent      0°C (+32°F) - +120°C (+248°F) 
    • peak (15 min./day)     0°C (+32°F) - +150°C (+302°F) 
process temperature AF16-HT: • values are only valid with appropriate material of sensor body and 
      gaskets 
       No icing on sensor! 
    • permanent  -20°C (   -4°F) - +240°C (+464°F) 
    • peak (15 min./day) -20°C (   -4°F) - +260°C (+500°F) 
ambient temperature:  • operation:      0°C (+32°F) - +  40°C (+104°F) 
       (With higher or lower ambient temperatures there may be a need to 
       restrict the allowed process temperatures.) 
    • transport:  -20°C (   -4°F) - +  70°C (+158°F) 
AirPurge:   connectors available as standard 
light source:   incandescent tungsten lamp: 5,0 V DC, 775 mA 
wavelengths:   AF16-N = 730 -   970 nm 
detector:   1 hermetically sealed silicon photo-current cell 
calibration:   basic calibration in CU (concentration units) 
range:    free selectable from 0 and 0,05 to 6 CU 
resolution:   < ± 1% of respective measuring range 
repeatability:   < ± 1% of respective measuring range 
linearity:   specific to application 
protection:   optical housing made of stainless steel 1.4571 (SS 316 Ti) 
    all optical parts protected according to IP 65 
options:    • AF16-HT High-Temperature 
    • AF16-EX Ex-proof 
    • AF16-HT-EX Ex-proof and High-Temperature 
    • validation adapter 
    • stainless steel plug protector 
 
 
 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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2 Technische Daten 
 
2.3 Sensor AF16-F (AF16-F-HT) 
 
 
material:   measuring cell made of stainless steel 1.4571, SS 316 Ti (standard) 
special materials:  1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc. 
line size:   DN 6 - DN 300 (¼" - 12") 
process connections:  NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange, 
    sanitary thread (DIN 11851), SMS-thread, etc. 
gaskets:   NBR, silicon-rubber, Viton®, EPDM, Kalrez®, etc. 
windows:   Pyrex®, Sapphire 
process pressure:  • min. 10 mbar 
    • max. 500 bar, depending on process connection / material / design 
process temperature AF16: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent      0°C (+32°F) - +120°C (+248°F) 
    • peak (15 min./day)     0°C (+32°F) - +150°C (+302°F) 
process temperature AF16-HT: • values are only valid with appropriate material of sensor body and 
      gaskets 
       No icing on sensor! 
    • permanent  -20°C (   -4°F) - +240°C (+464°F) 
    • peak (15 min./day) -20°C (   -4°F) - +260°C (+500°F) 
ambient temperature:  • operation:      0°C (+32°F) - +  40°C (+104°F) 
      (With higher or lower ambient temperatures there may be a need to 
      restrict the allowed process temperatures.) 
    • transport:  -20°C (   -4°F) - +  70°C (+158°F) 
AirPurge:   connectors available as standard 
light source:   incandescent tungsten lamp: 5,0 V DC, 775 mA 
wavelengths:   AF16-F= specific to application 
detector:   1 hermetically sealed silicon photo-current cell 
calibration:   basic calibration in CU (concentration units) 
range:    free selectable from 0 and 0,05 to 4 CU (depends on filter) 
resolution:   < ± 1% of respective measuring range 
repeatability:   < ± 1% of respective measuring range 
linearity:   specific to application 
protection:   optical housing made of stainless steel 1.4571 (SS 316 Ti) 
    all optical parts protected according to IP 65 
options:    • AF16-HT High-Temperature 
    • AF16-EX Ex-proof 
    • AF16-HT-EX Ex-proof and High-Temperature 
    • validation adapter 
    • stainless steel plug protector 
 
 
 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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2 Technical data 
 
2.4 Sensor AF26 (AF26-HT) 
 
 
material:   measuring cell made of stainless steel 1.4571, SS 316 Ti (standard) 
special materials:  1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc. 
line size:   DN 6 - DN 300 (¼" - 12") 
process connections:  NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange, 
    sanitary thread (DIN 11851), SMS-thread, etc. 
gaskets:   NBR, silicon-rubber, Viton®, EPDM, Kalrez®, etc. 
windows:   Pyrex®, Sapphire 
process pressure:  • min. 10 mbar 
    • max. 500 bar, depending on process connection / material / design 
process temperature AF26: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent      0°C (+32°F) - +120°C (+248°F) 
    • peak (15 min./day)     0°C (+32°F) - +150°C (+302°F) 
process temperature AF26-HT: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent  -20°C (   -4°F) - +240°C (+464°F) 
    • peak (15 min./day) -20°C (   -4°F) - +260°C (+500°F) 
ambient temperature:  • operation:      0°C (+32°F) - +  40°C (+104°F) 
      (With higher or lower ambient temperatures there may be a need to 
      restrict the allowed process temperatures.) 
    • transport:  -20°C (   -4°F) - +  70°C (+158°F) 
AirPurge:   connectors available as standard 
light source:   incandescent tungsten lamp: 5,0 V DC, 775 mA 
wavelengths:   specific to application 
detector:   2 hermetically sealed silicon photo-current cell 
calibration:   basic calibration in CU (concentration units) 
range:    free selectable from 0 and 0,05 to 3 CU 
resolution:   < ± 1% of respective measuring range 
repeatability:   < ± 1% of respective measuring range 
linearity:   specific to application 
protection:   optical housing made of stainless steel 1.4571 (SS 316 Ti) 
    all optical parts protected according to IP 65 
options:    • AF26-HT High-Temperature 
    • AF26-EX Ex-proof 
    • AF26-HT-EX Ex-proof and High-Temperature 
    • validation adapter 
    • stainless steel plug protector 
 
 
 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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2 Technical data 
 
2.5 Sensor AF45 (AF45-HT) 
 
 
material:   measuring cell made of stainless steel 1.4571, SS 316 Ti (standard) 
special materials:  1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc. 
line size:   DN 6 - DN 300 (¼" - 12") 
process connections:  NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange, 
    sanitary thread (DIN 11851), SMS-thread, etc. 
gaskets:   NBR, Viton®, EPDM, Kalrez®, etc. (silicon is not allowed !) 
windows:   Sapphire (Pyrex® is not allowed !) 
process pressure:  • min. 10 mbar 
    • max. 500 bar, depending on process connection / material / design 
process temperature AF45: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent      0°C (+32°F) - +  70°C (+158°F) 
    • peak (15 min./day)     0°C (+32°F) - +135°C (+275°F) 
process temperature AF45-HT: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent  -20°C (   -4°F) - +120°C (+248°F) 
    • peak (15 min./day) -20°C (   -4°F) - +150°C (+302°F) 
ambient temperature:  • operation:      0°C (+32°F) - +  40°C (+104°F) 
      (With higher or lower ambient temperatures there may be a need to 
      restrict the allowed process temperatures.) 
    • transport:  -20°C (   -4°F) - +  70°C (+158°F) 
AirPurge:   connectors available as standard 
light source:   low pressure mercury lamp with phosphor coating (ozone-free) 
    start voltage:  < 900 V AC 
    operation voltage: typically 200 V AC 
    operation current: typically 20 mA 
wavelengths:   254 nm, 280 nm, 290 nm, 300 nm, 313 nm, others on request 
detector:   2 hermetically sealed silicon photo-current cells 
calibration:   basic calibration in CU (concentration units) 
range:    free selectable from 0 and 0,05 to 3 CU 
resolution:   < ± 1% of respective measuring range 
repeatability:   < ± 1% of respective measuring range 
linearity:   specific to application 
protection:   optical housing made of stainless steel 1.4571 (SS 316 Ti) 
    all optical parts protected according to IP 65 
options:    • AF45-HT High-Temperature 
    • AF45-EX Ex-proof 
    • validation adapter 
    • stainless steel plug protector 
 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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2 Technical data 
 
2.6 Sensor AF46 (AF46-HT) 
 
 
material:   measuring cell made of stainless steel 1.4571, SS 316 Ti (standard) 
special materials:  1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc. 
line size:   DN 6 - DN 300 (¼" - 12") 
process connections:  NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange, 
    sanitary thread (DIN 11851), SMS-thread, etc. 
gaskets:   NBR, Viton®, EPDM, Kalrez®, etc. (silicon is not allowed !) 
windows:   Sapphire (Pyrex® is not allowed !) 
process pressure:  • min. 10 mbar 
    • max. 500 bar, depending on process connection / material / design 
process temperature AF46: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent      0°C (+32°F) - +  70°C (+158°F) 
    • peak (15 min./day)     0°C (+32°F) - +135°C (+275°F) 
process temperature AF46-HT: • values are only valid with appropriate material of sensor body and 
      gaskets 
       No icing on sensor! 
    • permanent  -20°C (   -4°F) - +120°C (+248°F) 
    • peak (15 min./day) -20°C (   -4°F) - +150°C (+302°F) 
ambient temperature:  • operation:      0°C (+32°F) - +  40°C (+104°F) 
      (With higher or lower ambient temperatures there may be a need to 
      restrict the allowed process temperatures.) 
    • transport:  -20°C (   -4°F) - +  70°C (+158°F) 
AirPurge:   connectors available as standard 
light source:   low pressure mercury lamp with phosphor coating (ozone-free) 
    start voltage:  < 900 V AC 
    operation voltage: typically 200 V AC 
    operation current: typically 20 mA 
wavelengths:   254 nm and 280 nm, others on request 
detector:   4 hermetically sealed silicon photo-current cells 
calibration:   basic calibration in CU (concentration units) 
range:    free selectable from 0 and 0,05 to 2 CU 
resolution:   < ± 1% of respective measuring range 
repeatability:   < ± 1% of respective measuring range 
linearity:   specific to application 
protection:   optical housing made of stainless steel 1.4571 (SS 316 Ti) 
    all optical parts protected according to IP 65 
options:    • AF45-HT High-Temperature 
    • AF45-EX Ex-proof 
    • validation adapter 
    • stainless steel plug protector 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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2 Technical data 
 
2.7 Sensor TF16 (TF16-HT) 
 
 
material:   measuring cell made of stainless steel 1.4571, SS 316 Ti (standard) 
special materials:  1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc. 
line size:   DN 6 - DN 300 (¼" - 12") 
process connections:  NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange, 
    sanitary thread (DIN 11851), SMS-thread, etc. 
gaskets:   NBR, silicon-rubber, Viton®, EPDM, Kalrez®, etc. 
windows:   Pyrex®, Sapphire 
process pressure:  • min. 10 mbar 
    • max. 500 bar, depending on process connection / material / design 
process temperature TF16: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent      0°C (+32°F) - +120°C (+248°F) 
    • peak (15 min./day)     0°C (+32°F) - +150°C (+302°F) 
process temperature TF16-HT: • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent  -20°C (   -4°F) - +240°C (+464°F) 
    • peak (15 min./day) -20°C (   -4°F) - +260°C (+500°F) 
ambient temperature:  • operation:      0°C (+32°F) - +  40°C (+104°F) 
      (With higher or lower ambient temperatures there may be a need to 
      restrict the allowed process temperatures.) 
    • transport:  -20°C (   -4°F) - +  70°C (+158°F) 
AirPurge:   connectors available as standard 
light source:   incandescent tungsten lamp: 5,0 V DC, 775 mA 
wavelengths:   400 - 1100 nm 
detector:   9 hermetically sealed silicon photo-current cell 
calibration:   basic calibration in ppm (DE), FTU, EBC 
range:    free selectable from 0 and 0,5   to 500 ppm (DE) 

free selectable from 0 and 0,2   to 200 FTU 
free selectable from 0 and 0,05 to   50 EBC 

resolution:   < ± 1% of respective measuring range 
repeatability:   < ± 1% of respective measuring range 
linearity:   specific to application 
protection:   optical housing made of stainless steel 1.4571 (SS 316 Ti) 
    all optical parts protected according to IP 65 
options:    • TF16-HT High-Temperature 
    • TF16-EX Ex-proof 
    • TF16-HT-EX Ex-proof and High-Temperature 
    • stainless steel plug protector 
 
 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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3 Installation Control 4000 
 
3.1 Frontpanel Control 4000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 LED (red-flashing), lamp failure / system failure indicator 
  2 LED (red), alarm indicator 3 (not active with use of status feedback) 
  3 LED (red), alarm indicator 2 (not active with use of status feedback) 
  4 LED (red), alarm indicator 1 (not active with use of status feedback) 
  5 LED (green), Power On indicator 
  6 keyboard 1 2 3 4 5 6 7 8 9 0 ,  ± 
  7 connector RS232 (control-connect-cable) 
  8 ENTER (confirmation of entries) 
  9 cursor (to navigate in menu)     
10 CLEAR (cancel entries / go back to previous menu) 
11 graphic-display 
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3 Installation Control 4000 
 
3.2 Backpanel Control 4000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 detector input A (for optek sensors only) 
  2 detector input B (for optek sensors only) (option) 
  3 mA-input 1, mA-input 2 (4 - 20 mA) (option) 
  4 mA-output 1, mA-output 2 (0/4 - 20 mA) 
  5 mA-output 3, mA-output 4 (0/4 - 20 mA) (option) 
  6 lamp output E (for optek sensors only) 
  7 lamp output F (for optek sensors only) (option) 
  8 relay-output 1, 2, 3 for alarm or status-feedback, system relay (active) 
  9 remote-IN (product-/range switching, zero, hold) 
10 fuse I  115/230 V AC T 1,6 A (option 24 V AC/DC: T 3,15 A) 
11 fuse II 115/230 V AC T 1,6 A (option 24 V AC/DC: T 3,15 A) 
12 power supply (fixed) 
13 voltage selector (factory setting: 230 V AC) - (not with 24 V AC/DC - version) 
14 PA/PE (only necessary with Ex-proof and extreme RFI requirements) 
15 main power switch ON/OFF 
16 detector input D (for optek sensors only) (option) 
17 detector input C (for optek sensors only) (option) 
 

CE

RWTÜVGS

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1786 of 2133



CONTROL 4000 

Seite 24 optek Danulat GmbH  D-45143 Essen  Germany Manual CONTROL 4000 Part 1 Ver 2-0.DOC
 

3 Installation Control 4000 
 
3.3 Dimensions Control 4000 
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3 Installation Control 4000 
 
3.4 Frontpanel mounting IP65 (Option) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
A 2 x fixing plates 
B frame 
C gasket 3 mm (material: EPDM) 
D frontpanel (cut-out: 198 mm / 112,5 mm) 
E screw 
 
The gasket (C) and the converter Control 4000 are put into the cut-out from the frontside. From the rear the 
frame B is put on the converter. The 2 fixing plates (A) are attached to the side of the converter into the 
prepared holes and are fixed with the screws (E). This mounting prevents any wrong alignment of the 
frontpanel and guarantees an IP65 (NEMA 4x) rating. 
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3 Installation Control 4000 
 
3.5 Housing B19-42 - plastic - IP65 (Option) 
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3 Installation Control 4000 
 
3.6 Housing S19-42 - stainless steel 1.4301/SS304 - IP65 (Option) 
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4 Installation sensors 
 
4.1 Exploded view of sensor AF16-N / AF16-F 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 measuring cell 
  2 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, silicone, Viton®, Kalrez®) 
  3 windows, Pyrex® (optional Sapphire) 
  4 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, silicone, Viton®, Kalrez®) 
  5 window ring M24 x 1,5 AP, 1.4571 (316 Ti) 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm) 
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti) 
  7 „O“-ring (25,12 x 1,78 mm), Viton® 
  8 detector adapter AF16, 1.4571 (316 Ti) 
  9 „O“-ring (31,47 x 1,78 mm), Viton® 
10 optical housing (OP06), 1.4571 (316 Ti) 
11 „O“-ring (21,95 x 1,78 mm), Viton® 
12 detector module AF16 
13 4 screws M3 x 6 (DIN 7985), 1.4571 (316 Ti) 
14 „O“-ring (10,1 x 1,6 mm), Viton® 
15 lamp adapter AF16, 1.4571 (316 Ti) with optic module AF16 
16 lamp module AF16 
 
Changes for sensor AF16-HT: 
 
  8 detector adapter AF16-HT, PEEK 
12 detector module AF16-HT 
13 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti) 
15 lamp adapter AF16-HT, PEEK, with optic module AF16-HT 
 
 
Note: AF16-HT must be equipped with stainless steel plug protector (refer to paragraph 7.1). 
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4 Installation sensors 
 
4.2 Exploded view of sensor AF26 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 measuring cell 
  2 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, silicone, Viton®, Kalrez®) 
  3 windows, Pyrex® (optional Sapphire) 
  4 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, silicone, Viton®, Kalrez®) 
  5 window ring M24 x 1,5 AP, 1.4571 (316 Ti) 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm) 
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti) 
  7 „O“-ring (25,12 x 1,78 mm), Viton® 
  8 detector module AF26, 1.4571 (316 Ti)  
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm 
  9 „O“-ring (21,95 x 1,78 mm), Viton® 
10 detector plug, 9-pole 
11 4 screws M3 x 6 (DIN 7985), 1.4571 (316 Ti) 
12 „O“-ring (10,1 x 1,6 mm), Viton® 
13 lamp adapter AF26, 1.4571 (316 Ti) with optics module AF26 
14 „O“-ring (31,47 x 1,78 mm), Viton® 
15 optical housing (OP06), 1.4571 (316 Ti) 
16 lamp module AF26 
 
Changes for sensor AF26-HT: 
 
  8 detector module AF26-HT 
11 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti) 
13 lamp adapter AF26-HT, PEEK, with optics module AF26-HT 
 
 
Note: AF26-HT must be equipped with stainless steel plug protector (refer to paragraph 7.1). 
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4 Installation sensors 
 
4.3 Exploded view of sensor AF45 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 measuring cell 
  2 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, Viton®, Kalrez®) 
  3 windows, Sapphire 
  4 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, Viton®, Kalrez®) 
  5 window ring M24 x 1,5 AP, 1.4571 (316 Ti) 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm) 
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti) 
  7 „O“-ring (25,12 x 1,78 mm), Viton® 
  8 detektor adapter AF45, 1.4571 (316 Ti) 
  9 „O“-ring (31,47 x 1,78 mm), Viton® 
10 optical housing (OP06), 1.4571 (316 Ti) 
11 „O“-ring (21,95 x 1,78 mm), Viton® 
12 detector module AF45 
13 4 screws M3 x 6 (DIN 7985), 1.4571 (316 Ti) 
14 „O“-ring (10,1 x 1,6 mm), Viton® 
15 window ring M58 x 1,5, 1.4571 (316 Ti) 
16 „O“-ring (50,52 x 1,78 mm), Viton® 
17 lamp holder AF45 mit 1 x reference detector / reference filter 
18 fixing screw M4 x 10 (DIN 912) for lamp module 
19 lamp module AF45 
20 optical housing (OP02/90mm) 
21 lamp power supply AF45 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm) 
22 lamp plug, 16-pole 
23 „O“-ring (18,77 x 1,78 mm), Viton® 
 
Changes for sensor AF45-HT: 
 
  8 detector adapter AF45-HT, PEEK 
12 detector module AF45-HT 
13 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti) 
17 lamp holder AF45-HT (part of lamp side AF45-HT) 
20 optical housing (OP02-HT / 90 mm) (part of lamp side AF45-HT) 
21 lamp power supply AF45-HT (part of lamp side AF45-HT) 
 
 
Note: AF45-HT must be equipped with stainless steel plug protector (refer to paragraph 7.1). 
 With AF45 (AF45-HT) silicone is not allowed as gaskek material ! 
 With AF45 (AF45-HT) Pyrex® is not allowed as window material ! 
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4 Installation sensors 
 
4.4 Exploded view of sensor AF46 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 measuring cell 
  2 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, Viton®, Kalrez®) 
  3 windows, Sapphire 
  4 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, Viton®, Kalrez®) 
  5 window ring M24 x 1,5 AP, 1.4571 (316 Ti) 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm) 
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti) 
  7 „O“-ring (25,12 x 1,78 mm), Viton® 
  8 detector module AF46 
  9 „O“-ring (21,95 x 1,78 mm), Viton® 
10 detector plug, 9-pole 
11 4 screws M3 x 6 (DIN 7985), 1.4571 (316 Ti) 
12 „O“-ring (10,1 x 1,6 mm), Viton® 
13 window ring M58 x 1,5, 1.4571 (316 Ti) 
14 „O“-ring (50,52 x 1,78 mm), Viton® 
15 lamp holder AF46 mit 2 x reference detector / reference filter 
16 fixing screw M4 x 10 (DIN 912) for lamp module 
17 lamp module AF46 
18 optical housing (OP02/90mm) 
19 lamp power supply AF46 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm) 
20 „O“-ring (31,47 x 1,78 mm), Viton® 
21 lamp plug, 16-pole 
22 „O“-ring (18,77 x 1,78 mm), Viton® 
 
Changes for sensor AF46-HT: 
 
  8 detector module AF46-HT, PEEK 
11 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti) 
15 lamp holder AF46-HT (part of lamp side AF46-HT) 
18 optical housing (OP02-HT / 90 mm) (part of lamp side AF46-HT) 
19 lamp power supply AF46-HT (part of lamp side AF46-HT) 
 
 
 
Note: AF46-HT must be equipped with stainless steel plug protector (refer to paragraph 7.1). 
 With AF46 (AF46-HT) silicone is not allowed as gaskek material ! 
 With AF46 (AF46-HT) Pyrex® is not allowed as window material ! 
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4 Installation sensors 
 
4.5 Exploded view of sensor TF16 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 measuring cell 
  2 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, silicone, Viton®, Kalrez®) 
  3 windows, Pyrex® (optional Sapphire) 
  4 „O“-ring (21,95 x 1,78 mm), EPDM-FDA (optional NBR, silicone, Viton®, Kalrez®) 
  5 window ring M58 x 1,5, 1.4571 (316 Ti) 
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti) 
  7 „O“-ring (50,52 x 1,78 mm), Viton® 
  8 detector module TF16, 1.4571 (316 Ti) 
  9 „O“-ring (21,95 x 1,78 mm), Viton® 
10 detector plug, 9-pole 
11 4 screws M3 x 6 (DIN 7985), 1.4571 (316 Ti) 
12 „O“-ring (10,1 x 1,6 mm), Viton® 
13 window ring M24 x 1,5 AP, 1.4571 (316 Ti) 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm) 
14 „O“-ring (25,12 x 1,78 mm), Viton® 
15 lamp adapter TF16, 1.4571 (316 Ti) with optic module TF16 
16 „O“-ring (31,47 x 1,78 mm), Viton® 
17 optical housing (OP06), 1.4571 (316 Ti) 
18 lamp module TF16 
 
Changes for sensor TF16-HT: 
 
  8 detector module TF16-HT 
11 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti) 
15 lamp adapter TF16-HT, PEEK, with optic module TF16-HT 
 
Note: TF16-HT must be equipped with stainless steel plug protector (refer to paragraph 7.1). 
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4 Installation sensors 
 
4.6 Standard measuring cells 
 
 
All specifications stated in this documentation are only valid for standard sensor bodies: 
 

Process connection Material Design Line-size OPL A / A Part.-No. 
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1/2“ 20  0100-1945-03 
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1“ 20 0100-0104-03 
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1“ 40 0100-1104-03 
Pipe-Thread (female) (DIN ISO 228/1) 316 Ti / 1.4571 welded 1“ 20 0100-0103-03 
Pipe-Thread (female) (DIN ISO 228/1) 316 Ti / 1.4571 welded 1“ 40 0100-1103-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1“ 20 0100-0102-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1“ 40 0100-1102-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1,5“ 30 0100-0302-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1,5“ 40 0100-1302-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 2“ 40 0100-0402-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 25 20 0100-0101-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 25 40 0100-1101-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 40 30 0100-0301-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 40 40 0100-1301-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 50 40 0100-0401-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 65 50 0100-0501-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 80 50 0100-0601-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 100 60 0100-0701-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1“ 20 0100-0106-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1“ 40 0100-1106-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1,5“ 30 0100-0306-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1,5“ 40 0100-1306-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 2“ 40 0100-0406-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 3“ 50 0100-0606-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 4“ 60 0100-0706-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 25 20 0100-0115-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 25 40 0100-1115-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 40 30 0100-0315-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 40 40 0100-1315-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 50 40 0100-0415-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 65 50 0100-0515-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 80 50 0100-0615-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 100 60 0100-0715-03 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/4“ 1 0100-1999-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/4“ 5 0100-1998-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/2“ 1 0100-2915-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/2“ 10 0100-1989-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 3/4“ 11 0100-1997-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 3/4“ 15 0100-1995-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 20 0100-2911-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 21 0100-2912-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 40 0100-2918-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 20 0100-2917-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 21 0100-1902-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 40 0100-1946-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 20 0100-2916-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 21 0100-1948-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 40 0100-2914-08 

Attention: For measuring cells made from TFMC please refer to Product Information TFMC. 
  The specific data for any other measuring cell are supplied upon request. 
 
The column OPL A/A gives the optical pathlength (OPL) when using standard window type A. By using 
windows with different lengths this OPL can be reduced (refer to paragragh 4.8) 
 
 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1796 of 2133



CONTROL 4000 

Seite 34 optek Danulat GmbH  D-45143 Essen  Germany Manual CONTROL 4000 Part 1 Ver 2-0.DOC
 

4 Installation sensors 
 
4.7 Mounting dimensions and weights 
 
 
a) Weights (kg) of converter Control 4000 
 
Model 115/230 V AC 24 V AC/DC Dimensions 
C 4000   4,1 kg   3,0 kg (refer to paragragh 3.3) 
C 4000 with B19-42   6,8 kg   5,7 kg (refer to paragragh 3.5) 
C 4000 with S19-42 12,1 kg 11,0 kg (refer to paragragh 3.6) 

 
 
b) Weights (kg / 10 m) of cable 
 
lamp cable (1,5 mm²) 0,9 kg / 10 m 
lamp cable (2,5 mm²) 1,2 kg / 10 m 
lamp cable (4,0 mm²) 1,5 kg / 10 m 
detector cable (AF16) 0,6 kg / 10 m 
detector cable (AF26) 1,2 kg / 10 m 
detector cable (AF45) 1,2 kg / 10 m 
detector cable (AF46) 2,4 kg / 10 m 
detector cable (TF16) 1,2 kg / 10 m 

 
 
c) Dimensions and weights (kg) of sensors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data given on the next page 
 
 
 A = mounting height (in mm)   all sensors 
 B1 = mounting length detector side (in mm) AF16 / AF45 
 B2 = mounting length detector side (in mm) AF26 / AF46 / TF16 
 C1 = mounting length lamp side (in mm)  AF16 / AF26 / TF16 
 C2 = mounting length lamp side (in mm)  AF45 / AF46 
 
 D = weight (in kg)     AF16 / AF26 / TF16 
         AF45 / AF46 = AF16 + 1,0 kg 
 
are only valid for the standard measuring cells as stated in paragraph 4.6. 
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Dimensions and weights (kg) of sensors 
 
 

Process connection Linesize OPL A/A Part.-No. A B1 B2 C1 C2 D 
NPT-Thread (female) (ASA B 2.1, 1960) 1/2“ 20  0100-1945-03   95 140 150 185 240   3,6 
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 20 0100-0104-03   95 140 150 185 240   3,6 
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 40 0100-1104-03   95 150 160 195 250   3,5 
Pipe-Thread (female) (DIN ISO 228/1) 1“ 20 0100-0103-03   95 140 150 185 240   3,6 
Pipe-Thread (female) (DIN ISO 228/1) 1“ 40 0100-1103-03   95 150 160 195 250   3,5 
TriClamp (ISO 2852-1974, 7.1) 1“ 20 0100-0102-03   95 140 150 185 240   3,6 
TriClamp (ISO 2852-1974, 7.1) 1“ 40 0100-1102-03   95 150 160 195 250   3,5 
TriClamp (ISO 2852-1974, 7.1) 1,5“ 30 0100-0302-03 106 145 155 190 245   3,5 
TriClamp (ISO 2852-1974, 7.1) 1,5“ 40 0100-1302-03 106 150 160 195 250   3,4 
TriClamp (ISO 2852-1974, 7.1) 2“ 40 0100-0402-03   90 150 160 195 250   4,1 
Sanitary Thread SC (DIN 11851) DN 25 20 0100-0101-03 106 140 150 185 240   3,6 
Sanitary Thread SC (DIN 11851) DN 25 40 0100-1101-03 106 150 160 195 250   3,5 
Sanitary Thread SC (DIN 11851) DN 40 30 0100-0301-03 106 145 155 190 245   3,7 
Sanitary Thread SC (DIN 11851) DN 40 40 0100-1301-03 106 150 160 195 250   3,7 
Sanitary Thread SC (DIN 11851) DN 50 40 0100-0401-03 125 150 160 195 250   4,5 
Sanitary Thread SC (DIN 11851) DN 65 50 0100-0501-03 120 155 165 200 255   4,8 
Sanitary Thread SC (DIN 11851) DN 80 50 0100-0601-03 225 155 165 200 255   5,1 
Sanitary Thread SC (DIN 11851) DN 100 60 0100-0701-03 295 160 170 205 260   5,7 
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 20 0100-0106-03 150 140 150 185 240   5,1 
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 40 0100-1106-03 150 150 160 195 250   5,0 
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 30 0100-0306-03 150 145 155 190 245   6,3 
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 40 0100-1306-03 150 150 160 195 250   6,2 
ASA-Flange (ASA B 16.5 150 lbs RF) 2“ 40 0100-0406-03 150 150 160 195 250   8,5 
ASA-Flange (ASA B 16.5 150 lbs RF) 3“ 50 0100-0606-03 225 155 165 200 255 12,6 
ASA-Flange (ASA B 16.5 150 lbs RF) 4“ 60 0100-0706-03 285 160 170 205 260 15,9 
DIN-Flange (DIN 2633) DN 25 20 0100-0115-03 150 140 150 185 240   5,6 
DIN-Flange (DIN 2633) DN 25 40 0100-1115-03 150 150 160 195 250   5,5 
DIN-Flange (DIN 2633) DN 40 30 0100-0315-03 150 145 155 190 245   6,9 
DIN-Flange (DIN 2633) DN 40 40 0100-1315-03 150 150 160 195 250   6,8 
DIN-Flange (DIN 2633) DN 50 40 0100-0415-03 150 150 160 195 250   8,9 
DIN-Flange (DIN 2633) DN 65 50 0100-0515-03 150 155 165 200 255 10,0 
DIN-Flange (DIN 2633) DN 80 50 0100-0615-03 215 155 165 200 255 10,5 
DIN-Flange (DIN 2633) DN 100 60 0100-0715-03 270 160 170 205 260 12,8 
TriClamp (L 14 AM 7) 1/4“   1 0100-1999-08   96 130 140 175 230   3,3 
TriClamp (L 14 AM 7) 1/4“   5 0100-1998-08   96 132 142 177 232   3,3 
TriClamp (L 14 AM 7) 1/2“   1 0100-2915-08   96 130 140 175 230   3,5 
TriClamp (L 14 AM 7) 1/2“ 10 0100-1989-08   96 135 145 180 235   3,6 
TriClamp (L 14 AM 7) 3/4" 11 0100-1997-08   96 135 145 180 235   3,9 
TriClamp (L 14 AM 7) 3/4" 15 0100-1995-08   96 137 147 182 237   3,9 
TriClamp (L 14 AM 7) 1“ 20 0100-2911-08   96 140 150 185 240   4,3 
TriClamp (L 14 AM 7) 1“ 21 0100-2912-08   96 140 150 185 240   4,3 
TriClamp (L 14 AM 7) 1“ 40 0100-2918-08   96 150 160 195 250   5,1 
TriClamp (L 14 AM 7) 1,5“ 20 0100-2917-08 106 140 150 185 240   4,1 
TriClamp (L 14 AM 7) 1,5“ 21 0100-1902-08 106 140 150 185 240   4,1 
TriClamp (L 14 AM 7) 1,5“ 40 0100-1946-08 106 150 160 195 250   4,9 
TriClamp (L 14 AM 7) 2“ 20 0100-2916-08 112 140 150 185 240   3,6 
TriClamp (L 14 AM 7) 2“ 21 0100-1948-08 112 140 150 185 240   3,6 
TriClamp (L 14 AM 7) 2“ 40 0100-2914-08 112 150 160 195 250   4,6 
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4 Installation sensors 
 
4.8 Standard measuring cells - optical pathlengths 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Due to the modular concept of the sensors it is easy to change the optical pathlength (OPL) by changing 
the windows used: 
 
 • be sure that the pipe is empty and pressure is released 
 • loosen the cable connectors (by hand) 
 • unscrew the optical arms (by hand) 
 • loosen the 4 screws (No. 6 in paragraph 6.1) using an allen wrench (SW3) 
 • replace the window(s) (No. 3 in paragraph 6.1) 
 • when assembling make absolutely sure that the „O“-rings (No. 2 and No. 4 in paragraph 6.1) are 
   exactly positioned in the groove to prevent breaking of the window. 
 • fasten the 4 screws crosswise (No. 6 in paragraph 6.1) using an allen wrench (SW3) 
 
The optical pathlengths given in the table in paragraph 4.6 refer to the combination of two windows type 
„A“. With different window combinations the following optical pathlengths can be achieved: 
 

Window combination OPL (A/A) = X example OPL (A/A) = 20 mm 
A - A X 20,0 mm 
A - B X -   5,0 mm 15,0 mm 
A - C X - 10,0 mm 10,0 mm 
B - B X - 10,0 mm 10,0 mm 
B - C X - 15,0 mm   5,0 mm 
C - C X - 20,0 mm not possible 
K - K X - 17,5 mm   2,5 mm 

 
Attention: With the TF16 sensor the measuring cell and the window combination have to be 
choosen in such way that there is always a window of type „A“on the detector side and that the 
optical pathlengths is 40 mm minimum. Other window combinations are useful in individual cases 
(i.e. higher range), but it may however happen not linear results. 
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4 Installation sensors 
 
4.9 Standard measuring cells - AirPurge 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Due to low temperature of the process medium the dewpoint of the air inside the optical housing may be 
reached and condensate will settle on the windows. For this case the sensor is equipped with special 
window rings with AirPurge connectors. During start-up the two optical housings have to be slightly 
unscrewed and dry air (no oil or dust) has to flow for approx. 10 minutes at max. 1 bar through the sensor. 
Afterwards the optical arms have to be tightened again and the AirPurge stays connected to achieve a 
small pressure (0,1 bar). In this case the air consumption is minimized. 
 
 
AirPurge N: (Standard) 
On the AF16 sensor, please use connections 3 (detector side) and 4 (lamp side). The connections 1 and 2 
are not available with this model. 
On the AF26 sensor, please use connections 2 (detector side) and 4 (lamp side). The connection 1 is not 
available with this model. 
On the AF45 sensor, please use connections 3 (detector side) and 1 (lamp side). The connection 4 is not 
available with this model. 
On the AF46 sensor, please use connections 3 (detector side) and 1 (lamp side). The connection 4 is not 
available with this model. 
On the TF16 sensor, please use connections 2 (detector side) and 4 (lamp side). The connections 1 and 3 
are not available with this model. 
 
AirPurge V: 
In some special cases, i.e. when mounting the optical arms on a Varivent®-valve housing, it might be 
necessary to use different optical housings. In this case please use connections 1 and 2 because 
connections 3 and 4 can not be reached and are internally sealed. On sensors without connections 1 and 2 
change is possible. 
 
Upon delivery the AirPurge ports are sealed with a M5 x 6 (DIN 84) screw and sealed with an “O“-ring (4 x 1 
mm). For installation of AirPurge, the two srew fittings (for AirPurge connectors 4 mm ID tubing) must be 
used. 
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4 Installation sensors 
 
4.10 Standard measuring cells - installation instructions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sensor must be installed in the process pipeline in such a way that the optical arms are in the 
horizontal position (diagrams 1 and 2). An installation in the vertical plane (diagram 3) has to be avoided 
because of sedimentation on the lower window which may cause error in the measurement. The second 
reason is that an installation according diagram 3 may cause thermal problems depending on process and 
ambient temperatures. During operation the sensor should always be completely full in order to eliminate 
possible measurement errors (caused by air or gas bubbles). For the specific dimensions and weights 
please refer to the tables in the installation sensors section (refer to paragraph 4.7). 
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5 Field wiring schematic 
 
5.1 Power supply 115/230 V AC (option: 24 V AC/DC) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
power 
ON / OFF 
 
    PA  power     fuses 
selector 
115 / 230 V AC 
 

Prior to connecting power make sure that the power supplied is in accordance 
with the voltage stated on the back panel and that the power selector is in the right 
position ! 
 
Electrical connections only through authorized, experienced personel ! 
 
Power switch OFF prior to installation ! 
 
 

power supply (fixed): 115 / 230 V AC, selectable 
   (93,5 - 132 / 187 - 264 V AC, 47 - 64 Hz) 
fuses:   2 x T 1,6 A (5 x 20 mm), same fuses for 115 and 230 V AC 
selector:  switch 115 V AC or 230 V AC 
 
PA:   PA/PE M6 x 10 
   (only necessary with Ex-proof and extreme RFI requirements) 
 
power consumption: < 50 VA 
 
 
OPTION: 
power supply (fixed): 24 V AC / DC 
   (AC: 20,4 - 26,4 V AC, 47 - 64 Hz) 
   (DC: 20,4 - 28,8 V DC) 
fuses:   2 x T 3,15 A (5 x 20 mm 
selector:  not applicable 
 
power consumption: < 50 VA 
 
 
 

CE

RWTÜVGS
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5 Field wiring schematic 
 
5.2 Connections: sensors AF16, AF26, AF45, AF46, TF16 
 
 
 
 
 
 
detector           lamp 
 
 
 A 
 
 B 
 
 
             E 
 
 
 
 C 
             F 
 D 
 
 
The system consists of two or three components, the converter type Control 4000 and one or two sensors 
type AF16, AF26, AF45, AF46, TF16 which are interconnected with cables. Concerning the sensor, it is 
impossible to cross connect the cables, as different plugs are used. 
 

• AF16, AF26, TF16 (9-pole on the detector side,   4-pole on the lamp side) 
• AF45, AF46  (9-pole on the detector side, 16-pole on the lamp side) 
 
Electrical connections only through authorized, experienced personel ! 
 
Power switch OFF prior to installation ! 
 
It is absolutely necessary to adjust the lamp voltage to correspond with the cable 
length (please refer to paragraph 6.2). 
 
Because the system of sensor and converter are calibrated together it is necessary 
to connect the converter type Control 4000 only with the appropriate sensor type 
AF16, AF26, AF45, AF46, TF16 (see serial-no.-label):  

 
 
 
 
 
 
 
 
 
The described field-wiring should be followed, even if other possibilities would work to minimize the risk to 
faulty set-up. 
 
Dependent on the configuration of the Control 4000 and the interconnected sensor(s) the following 
terminals will be used:  

Model:        4000
Serial-No.:    XXXXX
 matched   YYYYY

Model:      AAAA
Serial-No.:    YYYYY
 matched   XXXXX

CE

RWTÜVGS

 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1803 of 2133



CONTROL 4000 

Manual CONTROL 4000 Part 1 Ver 2-0.DOC optek Danulat GmbH  D-45143 Essen  Germany Seite 41
 

Configurations: C4101 C4121 C4221 C4222 C4322 C4422 
detector input 1 1 2 2 3 4
lamp output 1 1 1 2 2 2

detector lamp Sensors: terminal
max. 

cable lengths
1 sensor  AF16 A A A A A A E 250 m / 820 ft. 

1 sensor  AF26   A / C A / C A / C A / C E 250 m / 820 ft. 

1 sensor  AF45   A / C A / C A / C A / C E 100 m / 328 ft. 
1 sensor  AF46-I 
  AF46-II      A / C 

B / D E 100 m / 328 ft. 

1 sensor  TF16   A / C A / C A / C A / C E 250 m / 820 ft. 
2 sensors AF16 
  AF16    A 

C
A 
C

A 
C

E 
F 250 m / 820 ft. 

2 sensors AF26 
  AF16     A / C 

B
A / C 

B
E 
F 250 m / 820 ft. 

2 sensors AF45 
  AF16     A / C 

B
A / C 

B
E 
F 100 m / 328 ft. 

2 sensors TF16 
  AF16     A / C 

B
A / C 

B
E 
F 250 m / 820 ft. 

2 sensors AF26 
  AF26      A / C 

B / D
E 
F 250 m / 820 ft. 

2 sensors AF45 
   (not EX) AF26      A / C 

B / D
E 
F 

100 m / 328 ft. 
250 m / 820 ft.

2 sensors AF26 
  TF16      A / C 

B / D
E 
F 250 m / 820 ft. 

2 sensors AF45 
  AF45      A / C 

B / D
E 
F 100 m / 328 ft. 

2 sensors TF16 
   (not EX) AF45      A / C 

B / D
E 
F 

250 m / 820 ft. 
100 m / 328 ft.

2 sensors TF16 
  TF16      A / C 

B / D
E 
F 250 m / 820 ft. 

 
AF16:    detector cable to sensor 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 
AF26, TF16:   detector cable to sensor 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
    detector cable to sensor (reference) 
    3 = white (C3)  4 = brown (C4)  5 = grey (C5) 
 
AF45:    detector cable to sensor 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
    detector cable to sensor (reference) 
    3 = white (B3)  4 = brown (B4)  5 = black (B5) 
 
AF46:    detector cable to sensor (measurement I) 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
    detector cable to sensor (reference I) 
    3 = white (B3)  4 = brown (B4)  5 = black (B5) 
    detector cable to sensor (measurement II) 
    1 = white (C3)  2 = brown (C4)  5 = grey (C5) 
    detector cable to sensor (reference II) 
    3 = white (D3)  4 = brown (D4)  5 = grey (D5) 
 
all sensors:   lamp cable to sensor 
    6 = white or blue (6)    7 = brown (7) 
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5 Field wiring schematic 
 
5.3 Connection: mA-inputs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  mA-inputs 
 
 
 

Electrical connections only through authorized, experienced personel ! 
 
Power switch OFF prior to installation ! 

 
 
 
With the exception of the configuration C4101 all Control 4000 are equipped with two mA-inputs to handle 
also external sensors. For further operations the incoming signal 4 - 20 mA will be converted into 0 - 100 %. 
 
 
Terminal: 
mA-input I  21 + / 22 – 
mA-input II  23 + / 24 – 
 
Specifications: 
range:   4 - 20 mA (NAMUR) 
current max.:  30 mA 
load:   200 Ohm 
protection:  galvanic isolation with DC-DC-Converter, 500 V DC min. 
 
accuracy:  better than 0,5 % 
resolution:  better than 0,05 % 
 
 
 
 
 
 
 
 
 

CE

RWTÜVGS
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5 Field wiring schematic 
 
5.4 Connection: remote IN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  remote-IN 
 

 
Electrical connections only through authorized, experienced personel ! 
 
Power switch OFF prior to installation ! 
 

 
With the exception of the configuration C4101 all Control 4000 are equipped with remote-IN. By using a 
simple control wiring (24 V) different functions of the Control 4000 may be executed from a remote control 
system (PLC). Every signal sent to the Control 4000 will only be executed by the converter if also a 
confirming (R8 = VALID) is received. The following functions are available: 
 
R1 + R2 + R3 = product change 1-8 
R4 + R5 = not in use 
R6  = system-zero / ZERO 
R7  = freeze system outputs / HOLD 
R8  = VALID: confirmation for R1 - R7 
RR  = return-line 
 

terminal R1 R2 R3 R4 R5 R6 R7 R8 
productchange to product 1 low low low   low low HIGH
productchange to product 2 low low HIGH   low low HIGH
productchange to product 3 low HIGH low   low low HIGH
productchange to product 4 low HIGH HIGH   low low HIGH
productchange to product 5 HIGH low low   low low HIGH
productchange to product 6 HIGH low HIGH   low low HIGH
productchange to product 7 HIGH HIGH low   low low HIGH
productchange to product 8 HIGH HIGH HIGH   low low HIGH
system-zero current product   HIGH low HIGH
HOLD (freeze outputs) current product   low HIGH HIGH
HOLD cancel current product   low low HIGH

The signals should be available for approx. 1 second. During product change the system is not ready for a 
period of 1 to 2 seconds, because new data set has to be loaded. 
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5 Field wiring schematic 
 
5.5 Connection: relay-outputs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   relay-outputs 
 

 
Electrical connections only through authorized, experienced personel ! 
 
Power switch OFF prior to installation ! 
 

 
4 relais contacts are standard with the Control 4000. 
 
Terminal: 
relay-output 1  10 / 11 
relay-output 2  12 / 13 
relay-output 3  14 / 15 
relay-output 4  16 / 17 / 18 (active) 
 
Specifications: 
 
voltage:  0 - 50 V AC, 0 -70 V DC 
current:  0 - 2 A 
 
The relays 1, 2, 3 are switchable in software:  • NORMAL OPEN or NORMAL CLOSED 
       • alarm indicator or status feedback 
 
Relay-outputs 1, 2, 3 as alarm indicator 
 
The settings for: • set point 
   • delay 0 - 999 seconds 
   • type (high / low) 
 
can be set differently for each relay and can be set different for each of the 8 product settings. 
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Relay-outputs 1, 2, 3 as status feedback 
 
 The following feedbacks are available (with setting NORMAL OPEN): 
 
 relay 1:  closed  "product 1 (4 ranges)"   is active 
   open  "product 2 - 8 (4 ranges)"  is active 
 
 relay 2:  closed  no function (future purposes) 
   open  no function (future purposes) 
 
 relay 3:  closed  measurement is okay 
   open  at this time no measurement possible, because of 
      - product change (1-2 sec.) is performed 
      - product definition is in change 
      - system setting is in change 
      - service (i.e. zero) is performed 
 
 
 
 
Relay-outputs 4 (system): 
 
 This output is switching when the Control 4000 is powered on (active) and changes if 
 relay 4:  open  system relay 
     - system failure, i.e: 
      - lamp defective 
 (active)     - no power 
   closed  measurement is okay 
 
 
 
 
Relay-outputs 1, 2, 3 as alarm indicator  
 
The yellow alarm-LEDs on the frontpanel (see paragraph 3.1) indicate an over- or sub-range of the setpoint 
with a time-delay of approx. 0,5 seconds. If the measurement is above or below the setpoint again, the LED 
is switched off. This indication through the LEDs is independant from the contact status if any delay time for 
the relay output is configured. That means the LEDs are indicating whether the measurement is above or 
below the setpoint and are not indicating the status of the relay. 
 
 
Relay-outputs 1, 2, 3 as status feedback: 
 
If the relays are configured for feedback the relay is switching according to the status (see above). Any 
configured delay time is ignored. If an alarm setpoint has been configured previously these setpoints are 
still in use and an over- or sub-range of the setpoint will be still indicated by the LEDs. 
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5 Field wiring schematic 
 
5.6 Connection: mA-outputs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   mA-output 1, 2   mA-output 3, 4 
 

 
Electrical connections only through authorized, experienced personel ! 
 
Power switch OFF prior to installation ! 
 

 
Dependent on the configuration the Control 4000 has several independent mA-outputs, which can be 
together set either to 0 - 20 mA or to 4 - 20 mA: 
 
 C4101, C4121, C4221  2 mA-outputs (1, 2) 
 C4222, C4322, C4422  4 mA-outputs (1, 2, 3, 4) 
 
Terminal: 
mA-output 1   40 + / 41 – 
mA-output 2   42 + / 43 – 
mA-output 3   44 + / 45 – 
mA-output 4   46 + / 47 – 
 
Specifications: 
range:    4 - 20 mA (NAMUR) 
(switchable in software)  0 - 20 mA (max. 23,5 mA) 
load:    0 - 600 Ohm 
protection:   galvanic isolation with DC-DC-converter, 500 V DC min. 
 
accuracy:   better than 0,5 % 
resolution:   better than 0,05 % 
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6 Start-up / Maintenance 
 
6.1 Start-up 
 
 
 basic rules: 
 
 
 1. Read the instruction manual before installation !!! 
 
 2. Only trained personnel should be allowed to install !!! 
 
 3. If something is not clear - check before installation !!! 
 
 

procedure 
(referring to paragraphs in 

this instruction manual) 

initial 
start-up 

 

start-up 
after stop 

 

start-up 
after 

lamp replacement 
read instruction manual !!! XXX XXX XXX 
check equipment to be complete as ordered XXX   
inspect parts for damage XXX   
install measuring cell (4.1 to 4.10) XXX   
check piping and connections for leakage XXX   
check windows for cleanliness XXX XXX  
install converter (3.1 to 3.6) XXX   
install cables (5.1 to 5.6) XXX   
connect cables (5.1 to 5.6) XXX   
connect power (5.1) XXX   
power up converter (3.2) XXX XXX XXX 
allow 15 min. to warm-up XXX XXX XXX 
adjust lamp voltage / cable length (6.2) XXX   
adjust system zero (SOFTWARE - Part 2) XXX (XXX) XXX 
adjust system settings (SOFTWARE - Part 2) XXX   
adjust product definition (SOFTWARE - Part 2) XXX   
documentate installation (7.3) XXX (XXX) XXX 
check readings for correctness XXX XXX XXX 
allow measurement for control purpose XXX XXX XXX 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When installing in hazardous area by all means observe: 
 

"Instructions-Manual Control 4000 Part 3 - Ex-proof" 
 

All deviations from this manual are documented there !!! 
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6 Start-up / Maintenance 
 
6.2 Lamp voltage / sensor cable 
 
 
Normally it is not necessary to change the lamp voltage because the instrument has already been factory 
adjusted to the sensor and cable set delivered with the converter. In case the cable length was not 
specified in time for shipment of the instrument, the lamp voltage is always factory set to the shortest 
possible cable length (5 m). An adjustment of the lamp voltage to the cable length is necessary to 
compensate for voltage drop within the cables. If the lamp voltage is too low, incorrect measured values 
may occur. If the lamp voltage is too high, the lifetime of the lamp module may be reduced considerably. 
 
To realize longer cable lengths beside the standard cable (1,5 mm²) a heavier cable (2,5 mm²) is delivered. 
If the cable length is adjusted on site this has to be observed when adjusting the lamp voltage. 
 
Following lamp voltage has to be adjusted in dependance on the cable length as described in menu 
"system settings / lamp voltage" (values are only correct for original cable sets!!!). Cable and lamp 
module have to be connected for a minimum of 3 minutes before measuring the lamp voltage, because the 
voltage adjusts dependent on the load of terminal 6 and 7. 
 
 
 
 

 
 
 
If cable sets will be shorten later, lamp voltage has to be reduced to the value for 0 m 
before lamp is plugged in to prevent that the lamp voltage is too high. 
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lamp voltage 
cable lengths AF16, AF26, TF16 AF45, AF46 

m ft. 1,5 mm2 2,5 mm2 1,5 mm2 2,5 mm2 

    0     0 4,80  7,00  
    5   16 4,90  7,11  
  10   33 4,99  7,22  
  15   49 5,09  7,33  
  20   66 5,18  7,44  
  25   82 5,28  7,55  
  30   98 5,38  7,66  
  35 115 5,47  7,77  
  40 131 5,57  7,88  
  45 148 5,66  7,99  
  50 164 5,76  8,10  
  60 197 5,95   7,74 
  70 230 6,14   7,87 
  80 262 6,34   7,99 
  90 295 6,53   8,11 
100 328 6,72   8,24 
110 361 6,91    
120 394 7,10    
130 427 7,30    
140 459 7,49    
150 492 7,68    
160 525  6,53   
170 558  6,64   
180 591  6,74   
190 623  6,85   
200 656  6,96   
210 689  7,07   
220 722  7,18   
230 755  7,28   
240 787  7,38   
250 820  7,50   

lamp voltage = 4,80 + 
0,0192 / m 

4,80 + 
0,0108 / m 

7,00 + 
0,0192 / m 

7,00 + 
0,0108 / m 

resistance = 12,8 Ohm / 
1000 m 

7,2 Ohm / 
1000 m 

12,8 Ohm / 
1000 m 

7,2 Ohm / 
1000 m 

 
 
 
 
 
 

The lamp voltage of Control 4000 is not allowed above 8,5 V DC, because 
otherwise system may overheat ! 
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6 Start-up / Maintenance 
 
6.3 Fault finding 
 
 
In the case of a system failure, the following should be checked: 
 
a) connection failure: 
It is impossible to cross the plugs on the sensor, because the lamp plug of AF16, AF26, TF16 has 4 poles 
and detector plug has 9 poles. As well it is impossible to cross plugs on the sensor AF45, AF46, because 
lamp plug has 14 poles and detector plug has 9 poles. Therefore, the fault will be found at the connection 
wiring of converter. Please check according to paragraph 5.2. 
 
 
b) cable failure: 
If a continuity check of the cables is performed and a failure of the cable or a broken connector is found, 
replace only with new factory cable to ensure best possible results. It is highly recommended not to repair 
cables or connectors !!! 
 
- lamp cable AF16, AF26, TF16 
 • lamp cable 6 (white or blue)  <-> connector lamp POLE 1 
 • lamp cable 7 (brown)   <-> connector lamp POLE 4 
- lamp cable AF45, AF46 
 • lamp cable 6 (white oder blue) <-> connector lamp POLE 12 
 • lamp cable 7 (brown)   <-> connector lamp POLE 13 
- detector cable AF16 
 • detector cable A1 (white)   <-> connector det-POLE 2 (measurement) 
 • detector cable A2 (brown)   <-> connector det-POLE 4 (measurement) 
 • detector cable A5 (black)   <-> connector det-POLE 7 (inner shield) 
- detector cable AF26, TF16: 
 • detector cable A1 (white)   <-> connector det-POLE 2 (measurement) 
 • detector cable A2 (brown)   <-> connector det-POLE 4 (measurement) 
 • detector cable A5 (black)   <-> connector det-POLE 7 (inner shield) 
 • detector cable C3 (white)   <-> connector det-POLE 3 (reference) 
 • detector cable C4 (brown)   <-> connector det-POLE 6 (reference) 
 • detector cable C5 (grey)   <-> connector det-POLE 8 (inner shield) 
- detector cable AF45: 
 • detector cable A1 (white)   <-> connector det-POLE 2 (measurement) 
 • detector cable A2 (brown)   <-> connector det-POLE 4 (measurement) 
 • detector cable A5 (black)   <-> connector det-POLE 7 (inner shield) 
 • detector cable B3 (white)   <-> connector lamp POLE 1 (reference) 
 • detector cable B4 (brown)   <-> connector lamp POLE 2 (reference) 
 • detector cable B5 (black)   <-> connector lamp POLE 6 (inner shield) 
- detector cable AF46: 
 • detector cable A1 (white)   <-> connector det-POLE 2 (measurement I) 
 • detector cable A2 (brown)   <-> connector det-POLE 4 (measurement I) 
 • detector cable A5 (black)   <-> connector det-POLE 7 (inner shield) 
 • detector cable C3 (white)   <-> connector det-POLE 3 (measurement II) 
 • detector cable C4 (brown)   <-> connector det-POLE 6 (measurement II) 
 • detector cable C5 (grey)   <-> connector det-POLE 8 (inner shield) 
 • detector cable B3 (white)   <-> connector lamp POLE 1 (reference I) 
 • detector cable B4 (brown)   <-> connector lamp POLE 2 (reference I) 
 • detector cable B5 (black)   <-> connector lamp POLE 6 (inner shield) 
 • detector cable D3 (white)   <-> connector lamp POLE 3 (reference II) 
 • detector cable D4 (brown)   <-> connector lamp POLE 4 (reference II) 
 • detector cable D5 (grey)   <-> connector lamp POLE 5 (inner shield) 
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c) lamp failure: 
If the lamp circuit is broken (resp. lamp current falls below approx. 360 mA) it is activated LED (1) „LAMP 
FAILURE“ and the lamp failure relay. In this case after checking regular cable connection lamp module is to 
replace. If sensors AF16, AF26 und TF16 are used, loosen the four screws on stainless steel housing of 
lamp arm and install appropriate replacement lamp module (refer to paragraph 6.6). If sensors AF45 und 
AF46 are used, proceed as described in paragraph 6.5 (also refer to Part 2 - SOFTWARE: "lamp monitor"). 
 
 
d) detector failure: 
In this case after checking regular cable connection detector module is to replace. If sensors AF26, TF16 
and AF46 are used, loosen by hand stainless steel housing of detector arm and install appropriate 
replacement detector module (refer to paragraph 6.6). If sensors AF16 and AF45 are used, loosen the four 
screws on stainless steel housing of detector arm and install appropriate replacement detector module 
(refer to paragraph 6.6, also Part 2 - SOFTWARE: "detector monitor"). 
 
 
e) window fouling: 
Depending on the process conditions, fouling of the window surfaces may cause an erroneous reading. In 
this case adequate cleaning is required. In most processes the use of sapphire windows may increase the 
cleaning interval. 
 
 
f) window corrosion: 
Depending on the process conditions and the selected window material (i.e. Pyrex®), corrosion on the 
optical surfaces of the windows may occur which will cause an erroneous reading. In such cases the 
existing windows should be replaced by sapphire windows. 
 
 
g) condensation: 
Due to low temperatures of the process medium, the temperature in the sensor housing drops below the 
dew point of the air, thus resulting in a condensate deposit on the windows. In this case the sensor should 
be equipped with the corresponding window rings with purge connections (refer to paragraph 4.9). For 
start-up the two optical housings, lightly unscrewed, should be purged for about 10 min. with dry air (oil and 
dust free). Then tighten the optical housings again and leave the purge connection in order to maintain a 
light pressure (max. 0.1 bar) above atmospheric. The air consumption is minimum under this condition. 
 
 
h) overranging: 
If the measuring range has been exceeded due to process conditions, the next higher range should be 
adjusted (refer to Part 2 - SOFTWARE). If the system is already in the highest range it is possible to get a 
working measurement by shortening the optical pathlength. This might be carried out by simply replacing 
the windows. 
 
Sensors with specific detector modules (AF16-F, AF26, AF45, AF46) have sometimes a reduced dynamic 
range. Because the optical filters are reducing the signal level there are typically only measurements up to 
3 CU (AF46 up to 2 CU) possible. Here it may be possible to get a working measurement by shortening the 
optical pathlength and/or changing the measuring wavelength (i.e.: yellowness measurement changing 
from 430 nm to 525 nm) (refer to Part 2 - SOFTWARE: "detector monitor"). 
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Using sensors with scattered light (TF16) the measuring cell and the window combination have to be 
choosen in such way that there is always a window of type „A“on the detector side and that the optical 
pathlengths is 40 mm minimum. Other window combinations are useful in individual cases (i.e. higher 
range), but it may however happen not linear results. Generally with using sensor AF16 it is mostly possible 
to solve the measuring problem. Even absorption measurement can be done with sensor TF16 by selection 
of measuring function absorption (C) resp. absorption (D). Pay attention then the measurement is not color 
compensated because of missing filters in direct light beam. 
 
 
i) mA-output: 
If the mA-output is correct at low readings and is low at high readings, most probably the load is higher than 
600 Ohms (refer to paragraph 5.6). Smaller deviations in %-range are able to recalibrate by software (refer 
to Part 2 - SOFTWARE: "Calibration mA-outputs"). 
 
 
j) mA-input: 
Smaller deviations in %-range are able to recalibrate by software (refer to Part 2 - SOFTWARE: "Calibration 
mA-inputs"). 
 
 
j) converter failure: 
If none of the above mentioned failures can be traced, the complete system, converter and sensor, should 
be returned for checking. If possible, leave the sightglass in-line and only send the optical arms. 
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6 Start-up / Maintenance 
 
6.4 Preventative maintenance 
 
 
The system Control 4000 with its sensors has been designed for operation virtually free of maintenance. 
Extensive quality procedures in production such as checking every single part when received or a 7-day 
burn-in for electronic components (including lamp modules) guarantees the very best reliability. 
 
a) parts in contact with the process medium 
 If the materials are well choosen for parts which are in contact with the process medium a periodic 

check is normally not necessary. In most cases a check for leakage during the complete plant 
survey is sufficient. 

 
b) detector module 
 The detectors utilized do not have any relevant aging which can be measured. Therefore 

replacements / adjustments are not necessary. 
 
c) lamp module 
 The lamps are designed for a long service cycle. To even increase the lamp´s life it is operated 

below its specifications (4,8 V DC instead of 5,0 V DC at AF16, AF26, TF16 resp. 18 mA instead of 
20 mA at AF45, AF46). Based on the experience of several thousand installations, life cycles of 
more than 5 years are quite common. From statistics the expected lifetime is approx. 3 years. (i.e.: 
heavy vibrations, high temperatures or frequent on/off-switching of the system may reduce this 
timeframe). At UV-sensors (AF45, AF46) operating in "Cold-Room" the lamps should be switched 
off rarely because frequent cold starts may reduce lifetime of UV-lamp clearly. Because intensity of 
UV-lamp (AF45, AF46) decreases continuously it may be necessary to replace the lamp earlier 
otherwise dynamic measuring extent (1/1000 = 3 CU) is no longer available (refer to Part 2 - 
SOFTWARE: "detector monitor"). Depending on the individual importance of the measurement, a 
preventive replacement of the lamp module is recommended after 1 to 2 years of operation. 

 
d) cable 
 The cables in use do not have any relevant aging which can be measured if they are properly 

installed and handled. Therefore replacements / adjustments are not necessary. In very few cases 
there may occur a problem with isolation of the contacts due to humidity, oil or chemicals. Therefore 
the contacts should be visually inspected for any coating (corrosion). 

 
e) converter 
 The converter including all parts do not have any relevant aging and are also fully functional with 

varying ambient temperatures due the built-in stabilization. 
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6 Start-up / Maintenance 
 
6.5 Lamp replacement 
 
Sensor AF16, sensor AF26, sensor TF16: 
 
If sensors AF16, AF26 und TF16 are used, loosen the four screws on stainless steel housing of lamp arm 
and install appropriate replacement lamp module (refer to paragraph 6.6) 
 
 
Sensor AF45, sensor AF46: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
1 connector - lamp side (16-pole) 
2 lamp power supply incl. housing (OP02, 90 mm) 
3 „O“-ring (50,52 x 1,78), Viton® 
4 stainless steel tube (OP02, 90 mm) 
5 lamp module AF45 / AF46 
6 lamp holder AF45 / AF46 
 
A mounting screws (M4 x 120) 
B1 male connector for lamp module 
B2 lamp module with female connector 
C1 1 x (AF45) - 2 x (AF46) female connector for reference detector 
C2 1 x (AF45) - 2 x (AF46) male connector for reference detector 
D mounting screw for lamp module (M4 x 10 DIN 912) 
E 1 x (AF45) - 2 x (AF46) reference detector 
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Procedure lamp replacement AF45, AF46 
 
  1. disconnect power supply !!! 
  2. disconnect cables manually from sensor 
  3. manually unscrew the optical arm (lamp side) from the measuring cell 
  4. put the complete optical arm in upright position on a table with the lamp downwards 
  5. loosen the two screws (A) on the backplate 
  6. carefully separate the power supply (2) from the lamp holder (6) till the cable connection (B1 - B2 
 resp. C1 - C2) can be seen 
  7. disconnect the internal cable for the lamp module (B1 - B2), for the reference detector (C1 - C2) 
  8. remove the stainless steel tube (4) upwards from the lamp part 
  9. loosen the screw (D) 
10. remove the lamp module (5) itself upwards from the holder (6) 
11. insert the new lamp module (5) against stop in the lamp holder (6) 
12. fix screw (D) not to tight 
13. reassemble the stainless steel tube (4) and the lamp holder (6) 
14. connect the cables (B1 - B2) and (C1 - C2) 
15. match the lamp power supply (2) with top of the lamp holder 
16. fix the two screws (A) on the backplate 
17. screw the complete optical arm back onto the measuring cell 
18. connect all sensor cables 
19. power up the system 
20. check system zero 
 
The reference detector module, resp. the reference filter, can be easily replaced when lamp arm is opened 
by unscrewing the three screws in the detector assy. 
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6 Start-up / Maintenance 
 
6.6 Spare parts 
 
 
lamp module (1 piece) standard HT EX HT-EX 
AF16-N 2100-0202-02 2100-0202-02 2100-0252-02 2100-0252-02 
AF16-F 2100-0202-02 2100-0202-02 2100-0252-02 2100-0252-02 
AF26 2100-0204-02 2100-0204-02 2100-0254-02 2100-0254-02 
AF45 2100-1100-00 2100-1100-00 2100-1100-00 --- 
AF46 2100-1100-00 2100-1100-00 2100-1100-00 --- 
TF16 2100-0200-02 2100-0200-02 2100-0250-02 2100-0250-02 

 
 
detector module (1 piece) standard HT EX HT-EX 
AF16-N 2500-0107-00 2500-0167-00 2500-0157-00 2500-0177-00 
AF16-F* 2500-0108-00 2500-0168-00 2500-0158-00 2500-0178-00 
AF26* 2500-0206-00 2500-0266-00 2500-0256-00 2500-0276-00 
AF45* 2500-1106-00 2500-1106-00 2500-1156-00 --- 
AF46* 2500-1306-00 2500-1306-00 2500-1356-00 --- 
AF45-Ref / AF46-Ref* 2500-1200-00 2500-1200-00 2500-1200-00 --- 
TF16 2500-0406-00 2500-0466-00 2500-0456-00 2500-0476-00 

* = specify wavelength ! 
 
optic module (1 piece) standard HT EX HT-EX 
AF16-N 2300-0300-00 2300-0360-00 2300-0350-00 2300-0370-00 
AF16-F 2300-0300-00 2300-0360-00 2300-0350-00 2300-0370-00 
AF26 2300-0302-00 2300-0362-00 2300-0352-00 2300-0372-00 
AF45 --- --- --- --- 
AF46 --- --- --- --- 
TF16 2300-0306-00 2300-0366-00 2300-0356-00 2300-0376-00 

 
 

window (1 piece) type A 
0 mm 

type B 
- 5 mm 

type C 
- 10 mm 

type K 
- 8,75 mm 

Pyrex® 0410-0050-01 0410-0051-01 0410-0052-01 0410-0053-01 
Sapphire 0410-0050-03 0410-0051-03 0410-0052-03 0410-0053-03 

 
 
gaskets (4 pieces) NBR Silicon Viton® EPDM (FDA) Kalrez® 4079
  4,00 x 1,00   0208-4005-02   
10,10 x 1,60   0208-4004-02   
18,77 x 1,78   0208-4007-02   
21,95 x 1,78 0208-4001-00 0208-4001-01 0208-4001-02 0208-4001-03 0208-4001-04
25,12 x 1,78   0208-4002-02   
31,47 x 1,78   0208-4003-02   
50,52 x 1,78   0208-4006-02   
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screws (10 pieces) Stainless 
Steel V4A 

M 3 x   6 (DIN 7985) 0101-1001-03
M 3 x 12 (DIN 7985) incl. 
washer M3 (DIN 7980) 0101-1002-03

M 4 x 10 (DIN 912) incl. 
washer M 4 (DIN 7980) 0101-1003-03

M 5 x   6 (DIN 84) incl.  
O-ring 4 x 1 0101-1004-03

 
 

fuses (5 pieces) 115 V AC 
1,6 A 

230 V AC 
1,6 A 

24 V AC/DC 
3,15 A 

power supply 0405-5033-00 0405-5033-00 0405-5034-00
 
 

bold = recommended spare parts for 2 -3 years operation 
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7 Appendix 
 
7.1 Option: stainless steel plug protector 
 
 
 
 
 
           lamp side 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           detector side 
 
 
 
 
 
 
 
Description: 
 
  1 stainless steel optical housing, 1.4571 (316 Ti) 
  2 „O“-ring (21,95 x 1,78 mm), Viton® 
  3 connector for lamp or detector module 
  4 stainless steel plug protector with cable 
  5 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti) 
  6 lamp or detector cable 
 
 
For better protection of the cable joints at the sensor, loom of cables may optionally be furnushed with 
stainless steel plugs (1.4571 / 316 Ti) being compatible with the standard plugs. Stainless steel plug 
protection is standard with HT (high temperature sensors) and EX (Ex-proof sensors). 
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7 Appendix 
 
7.2 Option: validation 
 
 
The function check of measuring systems at installation without removal will be done in two phases: 
 
 
1. Check of converter Control 4000 with the help of 
Sensor Simulator OD02. After realizing an 
appropriate check list it is guaranteed that the 
converter is working. For this the connectors of the 
sensor have to disconnect as well as the mA-outputs 
of the converter and have to replace by connectors of 
the simulator. 
 
 
 
 
 
 
 
 
 
 
2. Check of sensors AF16, AF26, AF45, AF46 (not 
for TF16 !) with the help of validation filter. After 
checking converter by simulator and after restoring all 
cable connections first of all check the system zero 
before an application specific filter will be put into the 
validation adapter. Here the pipeline must be filled 
with clear, particle-free water (zero solution). If the 
instrument now shows the same result as when first 
checked, it is guaranteed, that the sensor and cable 
connections work as well perfect. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Another information refer to manual VALIDATION ! 
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7 Appendix 
 
7.3 Installation documentation - Hardware 
 
 
measurement:  
  
  
  
  
  
installation locality: measurement no.: 
  
responsable: phone: 
  

CONTROL 4000 
configuration (refer to 2.1): serial no.: 
  

Sensor 1 
model: serial no.: 
  
process connection: linesize: 
  
material: gaskets: 
  
window material: opt. pathlength (OPL): 
  
measuring wavelength: Ex-proof: 
  
cable length: temperature: 
  

Sensor 2 
model: serial no.: 
  
process connection: linesize: 
  
material: gaskets: 
  
window material: opt. pathlength (OPL): 
  
measuring wavelength: Ex-proof: 
  
cable length: temperature: 
  

Comments: 
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8 Certificates 
 
8.1 optek-Danulat GmbH „EC-Declaration of Conformity“ 
 
 

 
EC-Declaration of Conformity 

 
 
We 
 

 
optek-Danulat GmbH 
 

 
Address 
 

Haedenkampstr. 18 
D-45143 Essen 
Deutschland 

 
declare under sole responsibility that the products 
 
 
Description 
 

instruments Control 4000 series 
 

 
Type, Model, Article-No. 
 

converter: C4101, C4121, C4221, C4222, C4322, C4422
sensors: AF16-N, AF16-F, AF26, AF45, AF46, TF16 

 
fulfil the requirements of the standards 
 
 
 
 
 
 
 
 
 
 
 

EN 61 010-1  1993-04 
EN 50 081-1  1992-01 
EN 50 081-2  1993-08 
EN 50 082-1  1992-01 
prEN 50 082-1  1994-08 
EN 50 082-2  1995-03 
ENV 50 140  1993-08 
ENV 50 141  1993-08 
ENV 50 142  1993-08 
prEN 61 000-4-2 1995-05 
prEN 61 000-4-4 1995-05 
prEN 61 000-4-5 1995-03 
DIN EN 61 000-4-11 1995-04 

 
and therefore correspond to the regulations of the following EC-Directives: 
 
 
EC-Directives: 
 

73/23/EWG 
89/336/EWG 
93/68/EWG 

 
Place and date of issue: 
 

 
Essen, November 1, 1999 
 

 
Signature of authorized person: 
 
 

 
Stephan Danulat 

 
This declaration corresponds to EN 45 014. 
 

 
 
 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1824 of 2133



CONTROL 4000 

Seite 62 optek Danulat GmbH  D-45143 Essen  Germany Manual CONTROL 4000 Part 1 Ver 2-0.DOC
 

8 Certificates 
 
8.2 RW-TÜV GmbH „GS-mark“ 
 
 
The regulations of the European Directive for technical equipment are met. The tests according to EN 
61010-1 also cover the requirements of the low voltage regulation which is due since January 1st, 1997. 
After checking our systems RWTÜV Anlagentechnik GmbH attested the compliance with a statement of 
authorization (2944/99). Therefore our instruments are labeled with the GS-mark. 
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to: optek-Danulat GmbH 
 Haedenkampstr. 18    Phone: (++49) 201 / 63 40 90 
 45143 Essen (GERMANY)   Fax:  (++49) 201 / 63 40 911 
              
from: Company: 
              
 Name: 
              
 Department: 
              
 Street: 
              
 ZIP-Code / City: 
              
 Phone : 
              
 Fax: 
              
 
Dear Sirs, 
 
Please forward the following information to the responsible manager. 
 
O I am interested in Inline-Photometry - please keep me informed. 
 
O The following colleague in our company may be interested in Inline-Photometry: 
 
  name:            
 
  department:           
 
  phone:            
 
O I am interested in the following application: 
 
              
 
              
 
              
 
O We are already using your equipment - model:        
 
O We are using another manufacturer:         
 
O Please call me. 
              
 
 I found the instruction manual for model         
 
      good O O O O O not good 
 
 I suggest following improvements:          
 
              
 
              
 
Best regards 
 
 
Date / Signature 

Fax-Reply 
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 INSTRUCTIONS-MANUAL 
VERSION A1 

 

DATED MARCH 12TH, 2003 
 

 CONVERTER 
 CONTROL 4000 

 SOFTWARE A2 
 • CONNECTION OF SENSORS AF16 
 • CONNECTION OF SENSORS AF26 
 • CONNECTION OF SENSORS AF45 
 • CONNECTION OF SENSORS AF46 
 • CONNECTION OF SENSORS TF16 
 • CONNECTION OF SENSORS AS16 
 • CONNECTION OF SENSORS AS16-BT 
 • CONNECTION OF SENSORS AS56 
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Preface 
 
This instructions manual is written in such a way that all necessary information is given to provide correct 
practice and trouble-free operation. 
 
It is explicitly pointed out that no responsibility is accepted in case of loss or damage however caused on 
the use of this instructions manual and the included description of the products. 
 
Due to reasons of printing technique, the following illustrations correspond only roughly to the real appea-
rance of the products. This instruction manual is protected by copyright. However, the user may produce 
copies and translations if required for the correct operation of the products. 
 
On request this instructions manual is available in different languages and can also be supplied on CD 
(Acrobat® Reader 4.0). 
 
Our products are under constant development - technical data is subject to change without notice. 
 
 
Essen, March 2003 
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For further information please contact us or your local agent: 
 
 optek-Danulat GmbH 
 Emscherbruchallee 2 • 45356 Essen • Germany 
  Phone  ++49 - (0)201 - 63 40 9-0 
 Fax  ++49 - (0)201 - 63 40 9-999 
 E-mail  info@optek.de 
 
 optek Geschäftsstelle Südwest 
 Wilhelm-Maybach-Str. 11 • 55129 Mainz • Germany 
 Phone  ++49 - (0)6131 - 58 20 15 
 Fax  ++49 - (0)6131 - 50 40 26 
 E-mail  info@optek.de 
 

optek-Danulat bv 
 Staalweg 18 • 4104 AT Culemborg • Netherlands 
 Phone  ++31 - (0)345 - 65 03 01 
 Fax  ++31 - (0)345 - 65 03 61 

E-mail  info@optek.nl 
 
 optek-Danulat, Inc. 
 N118  W18748  Bunsen Drive  
 Germantown • WI 53022 • USA  
 Phone   ++1-262-437-3600  
 Fax   ++1-262-437-3699  
 E-mail  info@optek.com 
 
 
 INTERNET: http://www.optek.com 
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1 Overview Hardware 
 
1.1 Front panel CONTROL 4000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 LED (red-flashing), lamp failure / system failure indicator 
  2 LED (red), alarm 3 indicator (active only with set point defined in product) 
  3 LED (red), alarm 2 indicator (active only with set point defined in product) 
  4 LED (red), alarm 1 indicator (active only with set point defined in product) 
  5 LED (green), Power On indicator 
  6 keyboard 1 2 3 4 5 6 7 8 9 0 ,  ± 
  7 connector RS232 (control-connect-cable) 
  8 ENTER (confirmation of entries) 
  9 cursor (to navigate in menu)     
10 CLEAR (cancel entries / go back to previous menu) 
11 graphic-display 
 
 
 
 
 

CONTROL 4000

CLEAR ENTER

54 6

,
7

0

8 9
+/-

1 2 3
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1 Overview Hardware 
 
1.2 Permitted configurations 
 
Configurations: CONTROL 4000 C4101 C4121 C4201 C4221 C4202 C4222 C4322 C4422 
Inputs for optek-sensors 1 1 2 2 2 2 3 4 
mA-inputs - 2 - 2 - 2 2 2 
Remote-inputs - 7 - 7 - 7 7 7 
Relay-outputs 3 3 3 3 3 3 3 3 
FAILSAFE (active) 1 1 1 1 1 1 1 1 
mA-outputs 2 2 2 2 4 4 4 4 
Lamp outputs for optek-sensors 1 1 1 1 2 2 2 2 
Permitted sensor combinations:         
1 sensor  AF16 x x x x x x x x 
1 sensor  AS16 (not EX) x x x x x x x x 
1 sensor  AS56 (not EX) x x x x x x x x 
1 sensor  AF26   x x x x x x 
1 sensor  AF45   x x x x x x 
1 sensor  AF46        x 
1 sensor  TF16   x x x x x x 
2 sensors AS56 + AS56 (not EX)   x x x x x x 
2 sensors AF16 + AF16     x x x x 
2 sensors AS16 + AS16 (not EX)     x x x x 
2 sensors AF16 + AS16 (not EX)     x x x x 
2 sensors AF16 + AS56 (not EX)     x x x x 
2 sensors AF16 + AF26       x x 
2 sensors AF16 + AF45       x x 
2 sensors AF16 + TF16       x x 
2 sensors AF26 + AF26        x 
2 sensors AF26 + AF45 (not EX)        x 
2 sensors AF26 + TF16        x 
2 sensors AF45 + AF45         x 
2 sensors AF45 + TF16 (not EX)        x 
2 sensors TF16 + TF16        x 
3 sensors AF16 + 2x AS56 (not EX)       x x 
3 sensors AF26 + 2x AS56 (not EX)        x 
3 sensors TF16 + 2x AS56 (not EX)        x 
3 sensors AF45 + 2x AS56 (not EX)        x 
4 sensors 2x AS56 + 2x AS56 (not EX)        x 

 
 
 Read Ex-manuals prior to any installation in hazardous areas ! 
 
 

Read further information in other instructions manuals ! 
Hardware CONTROL 4000 
Hardware Sensors  
Ex-protection sensors  
Ex-protection housing for C4000 
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2 Overview Software 
 
2.1 Software-concept 
 
The software in the CONTROL 4000 has been designed for easy handling. The logical structure together 
with the menu in plain text, selectable in five languages enable the end user to adapt easily the system for 
his requirements. . 
 
With turn on the system automatically displays the MAIN MENU: 
 
 • Display of results, data logger, system information   system is measuring 
 
 • Product change, product definition     system is not measuring 
 
 • System settings, maintenance     system is not measuring 
 

• Language selection       system is measuring 
 

 
The system is usually measuring and updates every 0.1 second all four results as defined for the selected 
product. This measuring program runs automatically while main menu, language selection or any of the 
three display modes are selected. The measuring program is interrupted for three seconds, during manual 
or remote product change, and it is stopped during parameterization in define product, system settings or 
maintenance. The measuring program gets automatically restarted with return to the main menu. 
While the system is measuring, the data logger is updated periodically with all four results. While the 
system is not measuring, the data logger is updated with “NO DATA”, mA-outputs maintain the last actual 
result. This way consistency of data is guaranteed for display and data logger in the converter with its data 
outputs and external data logging. 
 
With initial start up all necessary basic settings in the system are checked: 
 
 • Main menu \ Language of menu’s 
 • System settings \ display  
 • System settings \ date / time 
 • System settings \ lamp voltage 
 • System settings \ optek-inputs 
 • System settings \ mA-inputs 
 
 
The system information display gives a complete overview for the actual hardware configuration and all 
system settings. 
 
The system settings in the software enable the end-user to adapt the highly flexible hardware to his specific 
needs. The different settings are described in detail in section 4. Section 3 describes initial settings ex 
factory. 
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With the next step the end-user defines four results for each of the eight ’’products’’. The expression 
product is used here from the measuring system’s point of view. A different product results from the 
necessity to select different system settings for another measurement. This necessity may result from 
different operating conditions in the facility, from cleaning procedures or from real product changes in a 
batch process.. 
The internal names for the results M01 to M04 for each of the eight products P01 to P08 may be 
overwritten with 32 different application specific result names. 
 
 PRODUCT  (maximum 8) 
 
  • DEFINE RESULTS   
   - 4 each per product 
   - 4 results in the data logger 
   - 4 mA-outputs maximum 
 
  
   • CALCULATE  
   - Base function (absorption, transmission, scattered light) 
   - mA-IN (4 - 20 mA = 0 - 100 % = 0 - 1) 
 
   • LINEARIZE 
   - 16 Tables, to be used with all eight products 
   - 11 data points (connected with 10 straight lines ) 

- continuously climbing or continuously descending 
 

   • SCALE 
   - limits of ranges 
   - dimensions 
   - resolution 
 
   • ALARM SET POINTS  
   - 3 each per product 
   - High / Low 
   - delay 
 
   • DISPLAY MODES  
   - 6 possibilities 
   - 1 to 4 plain text displays with bar graphs 
   - trending for 1 to 2 results 
 
 
 
 
 
 
 
 

  Define system settings first ! 
 
  Define product definitions later ! 
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2 Overview Software    
 
2.2 Operating concept 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Date Current product Time Selection from menu 
 
The main menu (like all other menus) is designed, that the cursor keys   allow to select a menu item 
which then is highlighted (see example above). 
 
With key ENTER the selected item is confirmed and the lower menu gets available. 
 
With key CLEAR the system returns to the next higher order menu. 
 
These descriptions are shortened below for better survey. 
 
   MAIN MENU 
 
     Select menu item 
 
 ENTER  Confirm selection 
 
   INFORMATION DISPLAY 
 
 CLEAR  Return 
 
   MAIN MENU 
 
If it is not possible to display all menu items, an indicating arrow ( and / or ) is displayed on the left side.  
 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P-Name 11:43:15 PM 
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There are three different types of entries: 
   drop-down menus 
   numeric entries 
   alphanumeric entries 
 
drop-down menus 
 

It is possible to select the required functionality from a list in many menus. Use ENTER to activate the drop-
down menu for the highlighted menu item with its descriptive text. Use cursor keys   to make the 
selection, which is highlighted now, and confirm with ENTER  . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
numeric entries 
 

It is possible to define the required functionality with a numeric entry in many menus. Use ENTER to 
activate the numeric entry field for the highlighted menu item with its descriptive text. Use key pad on the 
front panel for numeric entry, and confirm entry with ENTER  . The numeric entry remains displayed. 
 
 
alphanumeric entries 
 

A B C D E F G H I J K L M N O
P Q R S T U V W X Y Z + - / *
0 1 2 3 4 5 6 7 8 9 . % ( )
< < < > > > D E L O K 

 
Some menu items require alphanumeric (text) entries (for example “product name”). Use ENTER to activate 
the alphanumeric entry field. Use cursor keys     for selection and confirm highlighted character 
with. ENTER  . The character is transferred to the text field. Functional fields in the lowest line are used for 
easy corrections of the text and final confirmation.  
 

 < < < , >>>   move left, right in the text field (for inserting or deleting a character) 
 D E L   delete character and move text to the left 
 O K   final confirmation of alphanumeric (text) entry 
 
 
Take-over of all entries 
 

The cursor proceeds to the REJECT field after confirmation of the last entry in a menu with ENTER . To 
save all entries in the current menu, use  to proceed to the SAVE field (bottom right). Confirm take-over 
of all displayed settings in the current menu into the system with ENTER. Entries are transferred and the 
display returns to the next higher order menu.  
Otherwise, select the REJECT field and press ENTER to cancel new entries. 
 

SYSTEM SETUP 
ALL RESULTS ARE DAMPED 

AS FOLLOWS: 

DAMPING           : 

DAMPING (SEC)     : 

REJECT P01 SAVE

SYMMETRIC
ASYMMETRIC 

1.0
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2 Overview software 
 
2.3 Menu structure 
 
MAIN MENU  
 MEASUREMENT DISPLAY 
 DATA LOGGER DISPLAY 
 INFORMATION DISPLAY 
 PRODUCT CHANGE 
 PRODUCT CONFIGURATION 
 SYSTEM SETUP 
 MAINTENANCE 
 LANGUAGE / SPRACHE 
 
           TASK 
 
• MEASUREMENT DISPLAY  
 displays results according to the product configuration 
 
 
• ANZEIGE DATENLOGGER 
 WHICH RESULT DO YOU WANT TO SEE? 
  M01 ... M04 (name defined by user)      SELECT 
   scroll data stored 
   zoom in the display 
   M01-M04 TO PC      SELECT 

  SELECT FUNCTION FROM PC    
 
 
• INFORMATION DISPLAY  
 CONFIGURATION        SELECT 

displays hardware configuration, software version, serial number  
 SYSTEM SETTINGS        SELECT 
  displays software settings 
 SENSOR DATA        SELECT 
  displays installation data for sensors (entry by user) 
 
 
• PRODUCT CHANGE 
 WHICH PRODUCT DO YOU WANT TO MEASURE?   SELECT 
  P01, ... ,P08 (product 1 to 8 / name defined by user)  
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           TASK 
• PRODUKT DEFINITION 
 WHICH PRODUCT DO YOU WANT TO CONFIGURE? 
  P01, ..., P08 (product 1to 8 / name defined by user) 
  • DEFINE PRODUCT NAME  
   NEW NAME:       ENTER TEXT  
 
  • DEFINE RESULT 
   WHICH RESULT DO YOU WANT TO DEFINE?   SELECT 
   M01, ..., M04 (Results 1 to 4 / name defined by user) 
    DEFINE NAME      ENTER TEXT 
    FUNCTION      SELECT 
    X MA-INPUT      SELECT 
    X LINEARIZATION     SELECT 
    RANGE BEGIN      ENTER NUMBER 
    RANGE END      ENTER NUMBER 
    UNITS       ENTER TEXT 
    FORMAT      SELECT 
 
  • DEFINE LINEARIZATION 
   WHICH LINEARIZATION TABLE DO YOU WANT TO DEFINE?  SELECT 
    L01, ..., L16 (linearization tables 1 to 16 / name defined by user) 
     DEFINE NAME     ENTER TEXT 
     POINTS 01 TO 11     IN    OUT  ENTER NUMBER 
 
  • DEFINE ALARM 
   WHICH ALARM DO YOU WANT TO DEFINE?     
    G 01, ..., G 03      SELECT 
     RESULT     SELECT 
     ALARM SETPOINT    ENTER NUMBER 
     ALARM AFTER SEC.    ENTER NUMBER 
     ALARM TYPE     SELECT 
 
  • DEFINE DISPLAY 
   WHICH DISPLAY SETUP DO YOU WANT TO USE?  SELECT 
    1 X 888.8 
    2 X 888.8 
    4 X 888.8 
    1 X 888.8 1 X TREND 
    3 X 888.8 1 X TREND 
    2 X 888.8 2 X TREND 
   WHICH RESULT DO YOU WANT TO DISPLAY WHERE? SELECT 
    CENTERED        
    LEFT / RIGHT 
    UPPER LEFT / UPPER RIGHT / LOWER LEFT/ LOWER RIGHT 
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• SYSTEM SETUP         TASK 
 DISPLAY 
  CONTRAST        SET 
  BRIGHTNESS        SET 
  T-COMPENSATION       SET 
 DATE / TIME 
  FORMAT DATE       SELECT 
  SET DATE        SET 
  FORMAT TIME        SELECT 
  SET TIME        SET 
 DATA LOGGER 
  IN WHICH INTERVAL DO YOU WANT TO STORE DATA? 
   01 SEC, 05 SEC, ......... , 30 MIN, 60 MIN   SELECT 
  DATA LOGGER RESET?  (NO / YES)    SELECT 
 DAMPING 
  ALL RESULTS ARE DAMPED AS FOLLOWS: 
   DAMPING (SYMMETRIC / ASYMMETRIC)   SELECT 
   DÄMPFUNG (SEC)      ENTER NUMBER 
 LAMP VOLTAGE 
  ADJUST LAMP VOLTAGE: 
   LAMP E (VDC)       ENTER NUMBER 
   LAMP F (VDC)       ENTER NUMBER 
   NUMBER OF SENSORS AT E (1 / 2)    SELECT 
   NUMBER OF SENSORS AT F (1 / 2)    SELECT 

SYSTEM ZERO 
  ZERO ADJUSTMENT IS DONE: 
   MANUAL  (YES / NO)     SELECT 
   REMOTE  (YES / NO)     SELECT 
 PRODUCT CHANGE 
  PRODUCT CHANGE IS DONE: 

  MANUAL (YES / NO)     SELECT 
   REMOTE  (YES / NO)     SELECT 
 MA OUTPUTS 
  BASIC SETTING  (0-20 / 4-20)     SELECT 
 RELAY OUTPUTS 
  HOW DO YOU WANT TO USE RELAY 1 -3? 
   NORMALLY  (OPEN / CLOSED)   SELECT 
   OUTPUTS FOR (ALARMS / REMOTE OUT 1-3)  SELECT 
 REMOTE IN 
  WHICH FUNCTION DO YOU WANT TO USE FOR REMOTE IN?  

REMOTE IN  (1 / 2)      SELECT 
 HOLD 
  WHICH FUNCTION DO YOU WANT TO USE FOR HOLD?    

HOLD   (1 / 2)      SELECT 
  HOLD IS DONE? 
   MANUAL    (YES / NO)  SELECT 
   REMOTE    (YES / NO)  SELECT 
   HOLD MESSAGE ON DISPLAY (YES / NO)  SELECT 
 FAILSAFE 
  THE FAILSAFE FUNCTION DRIVES THE SYSTEM 

UNDER FAULT CONDITION INTO: 
   STATE (-10% / + 110%)     SELECT 
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• SYSTEM SETUP        TASK  
 PASSWORD PROTECTION 
  PASSWORD DEFINITION 
   PLEASE DEFINE YOUR PASSWORD HERE 
    PASSWORD LEVEL 1    ENTER NUMBER 
    PASSWORD LEVEL 2    ENTER NUMBER 
    PASSWORD LEVEL 3    ENTER NUMBER 
  PASSWORD ALLOCATION 
   PRODUCT CHANGE     SELECT LEVEL 
   PRODUCT CONFIGURATION    SELECT LEVEL 
   SYSTEM SETUP      SELECT LEVEL 
   MAINTENANCE      SELECT LEVEL 
   LANGUAGE      SELECT LEVEL 
   SERVICE      SELECT LEVEL 
   PC TRANSFER       SELECT LEVEL 
   HOLD MANUAL      SELECT LEVEL 
   ZEROING MANUAL     SELECT LEVEL 
   SYSTEM DIAGNOSTICS     SELECT LEVEL 
   SENSOR ADAPTATION     SELECT LEVEL 
   CALIBRATION SCATTERED LIGHT   SELECT LEVEL 
   CALIBRATION MA INPUTS    SELECT LEVEL 
   CALIBRATION MA OUTPUTS    SELECT LEVEL 
   DISPLAY      SELECT LEVEL 
   DATE / TIME      SELECT LEVEL 
   DATA LOGGER      SELECT LEVEL 
   DAMPING      SELECT LEVEL 
   LAMP VOLTAGE      SELECT LEVEL 
   SYSTEM ZERO      SELECT LEVEL 
   PRODUCT CHANGE     SELECT LEVEL 
   MA OUTPUTS       SELECT LEVEL 
   RELAY OUTPUTS     SELECT LEVEL 
   REMOTE IN      SELECT LEVEL 
   HOLD       SELECT LEVEL 
   FAILSAFE      SELECT LEVEL 
   PASSWORD      SELECT LEVEL 
   OPTEK+MA INPUTS     SELECT LEVEL 
   SYSTEM DATA SENSORS    SELECT LEVEL 
  PASSWORD DURATION 
   WHICH INTERVAL DO YOU WANT FOR RESCAN  
   OF PASSWORD PROTECTION? 
    02 MIN, 05 MIN, .... 60 MIN, 90 MIN  SELECT 
 OPTEK INPUTS  
  CHANNEL A CONNECTED  (YES / NO)  SELECT 
  CHANNEL B CONNECTED  (YES / NO)  SELECT 
  CHANNEL C CONNECTED  (YES / NO)  SELECT 
  CHANNEL D CONNECTED  (YES / NO)  SELECT 

 MA INPUTS 
  MA INPUT 1 CONNECTED  (YES / NO)  SELECT 
  MA INPUT 2 CONNECTED  (YES / NO)  SELECT 

 SYSTEM DATA SENSORS (1, 2, 3, 4 entry by user) 
  MODEL       ENTER TEXT 
  SERIAL NO       ENTER TEXT 
  OPL        ENTER TEXT 
  WAVELENGHTS      ENTER TEXT 
  OPTEK INPUTS      ENTER TEXT 
  CABLE LENGTH      ENTER TEXT 
  LAMP OUTPUT      ENTER TEXT 
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• MAINTENANCE         TASK 
 HOLD MANUAL 
  DISPLAY OF SELECTIONS 
  ACTIVATE / DEACTIVATE HOLD WITH ENTER   SELECT 
  

SYSTEM ZERO SETTING       
  WHICH RESULTS DO YOU WANT TO ZERO? 
  M01 (name defined by user)  (YES / NO)    SELECT 
  M02 (name defined by user)  (YES / NO)    SELECT 
  M03 (name defined by user)  (YES / NO)    SELECT 
  M04 (name defined by user)  (YES / NO)    SELECT 
  CONFIRM SELECTION WITH ENTER     CONFIRM 
  TO SET ZERO POINT PRESS ENTER     ACTIVATE 
 

SYSTEM DIAGNOSTICS       
 THE SYSTEM PERFORMS AN AUTOMATIC SELFTEST  ACTIVATE 

   CONFIGURATION 
MC02 & I2C-BUS 
SLAVES EEPROMS 
SENSOR INPUTS (A, B, C, D) 
 

 SENSOR ADAPTATION 
  ADAPTATION WITH MAXIMUM 23 FACTORS 
  FUNCTION (ABS-CU(A), ..., EBC ((A/C)-(B/D))   SELECT 
  FACTOR (0.6 TO 1.4)      ENTER NUMBER 
 
 CALIBRATION SCATTERED LIGHT 
  ENTER FACTOR FOR THE TF16 SENSOR 
   SENSOR 1 (A/C)      ENTER NUMBER 
   SENSOR 2 (B/D)      ENTER NUMBER 
 
 CALIBRATION OF MA INPUTS 
  MA INPUT  (IN 1 / IN 2)     SELECT 
  CALIBRATION  (NEW / FACTORY SETTINGS)   SELECT 
     0%        ENTER NUMBER 
   80%        ENTER NUMBER 
 
 CALIBRATION OF MA OUTPUTS 
  MA OUTPUT  (OUT 1,   , OUT 4)    SELECT 
  CALIBRATION  (NEW / FACTORY SETTINGS)   SELECT 
     0%        ENTER NUMBER 
   80%        ENTER NUMBER 
 
 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1842 of 2133



C4000 SOFTWARE A2 

Converter C4000 SW-A2 Ver A1.doc optek Danulat GmbH  D-45356 Essen  Germany Page 17
 

• MAINTENANCE         TASK 
 SERVICE 
  ENTER PASSWORD 
   PLEASE USE YOUR PASSWORD    ENTER NUMBER 
   ACCESS ENABLED OR DISABLED 
   

LAMP MONITOR 
   LAMP OUTPUT (E / F)     SELECT 
   SWITCH LAMP (EIN / AUS)     SELECT 
   LAMP VOLTAGE (VDC)     (DISPLAY) 
   LAMP CURRENT (ADC)     (DISPLAY) 
   NUMBER OF SENSORS AT (E/F)    (DISPLAY) 
 
  DETECTOR MONITOR 
   DETECTOR INPUT (A, B, C, D)    SELECT 
   PHOTO CURRENT (nA)     (DISPLAY) 
   ZERO CURRENT    (nA)     (DISPLAY) 
   PHOTO CURRENT (CU)     (DISPLAY) 
   MAX. RANGE         (CU)     (DISPLAY) 
 

RESULT MONITOR 
   PRODUCT  (P01, .... , P08)    SELECT 
   RESULT (M01, ..... M04)     (DISPLAY) 
    (FUNCTION, MA INPUTS, LINEARIZATION TABLES)  
 
  RELAY + LED MONITOR 
      CONTACT LED   
   POWER ON        - - -   GREEN  (DISPLAY) 
   RELAY 1 TO 4   (NO / NC)  RED (ON / OFF) (DISPLAY) 
 
  REMOTE IN MONITOR  
   R1 TO R8   (LOW / HIGH)    (DISPLAY) 
 
  SUBASSEMBLY MONITOR 
   FRONTPANEL  (BOARD, HARDWARE, SOFTWARE, DATE) (DISPLAY) 
   ADDRESS 1 – 5  (BOARD, HARDWARE, SOFTWARE, DATE) (DISPLAY) 
   CHANGE IN CONFIGURATION    CONFIRM 
 
  PC TRANSFER        ENTER 
   ENTER HAS ACTIVATED THE INTERFACE  
   SELECT FUNCTION FROM PC 
   TERMINATE PC CONNECTION WITH CLEAR   CLEAR 
 
 
• LANGUAGE / SPRACHE 

CHOOSE YOUR LANGUAGE      SELECT 
DEUTSCH  
ENGLISH  
FRANCAIS 
ESPANOL 
NEDERLANDS 
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3 Basic settings 
 
3.1 Select main menu 
 

With power up the measuring system loads up the 
software first, than checks internal communications 
and finally identifies the current configuration.  
If the CONTROL 4000 was in measurement mode 
when shut down, it will return to this mode after power 
is restored. The measurement display will 
automatically return with the settings for the last 
product in use. The associated results are displayed 
in the graphics display.  
Use key CLEAR to return to the display of the main 
menu with access to all functions. 
If any other menu was activated (displayed) when the 
converter was shut down, the converter will return 
with the main menu when power is restored. 
The main menu is the starting point for all software 
settings in the CONTROL 4000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P-Name 11:43:15 PM 

M01

1.37 CU 

0.00                                5.00 

25.09.1999 P01 11:43:15 PM 

Press key CLEAR 
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3 Basic settings 
 
3.2 Select language 
 

Select convenient language for easy handling. 
 
Use key  for direct access from MAIN MENU to 
menu LANGUAGE / SPRACHE. Press key ENTER 
for transit to the language selection. 
 
 
 
 
 
 
 
 
 
Menu LANGUAGE / SPRACHE appears. 
 
 
 
Select language with   and press key ENTER . 
 
 
 
 
 
 
 
 

 
The main menu will be displayed in the respective language now. 
 
 
 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

LANGUAGE / SPRACHE 
CHOOSE YOUR LANGUAGE: 

WÄHLEN SIE IHRE SPRACHE: 

DEUTSCH

ENGLISH

FRANCAIS

ESPANOL

NEDERLANDS

25.09.1999 P01 11:43:15 PM 
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3 Basic settings 
 
3.3 Configuration 
 
The configuration of the modular converter CONTROL 4000 is automatically identified during power up and 
displayed in detail in the subassembly monitor. The information display lists in lines 001 through 112 all 
information necessary for the operation of your CONTROL 4000.  
 
INFORMATION DISPLAY 
001 MODEL          : C4221 

002 SERIAL NO      : XXXXX

003 SOFTWARE       : A1 

104 – C O N F I G U R A T I O N - 

105 INPUT A        : EX I.S. 

106 INPUT B        : 0 

107 INPUT C        : 1 

108 INPUT D        : 0

109 LAMP OUT       : 1

110 MA IN          : 2 

111 REMOTE IN      : 8 

112 MA OUT         : 2 

 
The description for optek inputs A – D in lines 005 through 008 differentiates three situations: 
 
 Input X  : 0  = not installed 
   : 1  = installed 
   : EX I.S. = intrinsically safe version installed. 
 
 

Intrinsically safe optek inputs must be connected to intrinsically safe circuits from 
explosion protected optek sensors only !  

 

If an intrinsically safe optek input is connected to a not intrinsically safe circuit, the user 
has to remove the explosion protection marking from the converter immediately ! 

 

It is not permitted to connect any intrinsically safe circuit at such a misused  
optek input any future time !  

 

For more details on explosion protected installations, please refer to optek’s instructions 
manuals for explosion proof equipment ! 
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3 Basic settings 
 
3.4 Initial settings 
 

The four results in the eight products have measuring 
function ABS-CU (A) with range 0 to 5.00 CU as 
default settings ex factory. Linearization tables, mA-
input channels and alarm set points are disabled. 
The measurement display uses result M01 with single 
result display (1 x 888.8) as default for all products. 
 
Password protection is disabled for most menu items, 
password level – 0 –  is default value. 
Only menu Service is protected with level –1–. Refer 
to section 3.8 for changing password protection. 
 
 
 

 
Default values for all system settings are listed below (lines as in information display, section 10.2) 

 
The lamp voltage depends on the type of sensor and 
the cable length. It is factory preset.  
1xS and 2xS indicate the number of sensors 
connected to one lamp output. Only two probes AS56 
may be connected in parallel to one lamp output.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Inputs that have not been installed are automatically 
identified OPEN. 
 
 
 
 

In general it is not necessary to change the lamp voltage, as it is preset in the factory with respect to the 
type of sensor and the cable set. In case cable length or sensor were not specified at time of delivery, the 
lamp voltage is always set to 4.80 VDC. In this case the user needs to adjust lamp voltage as described 
below, refer to next section.  

M01

1.37 CU 

0.00                                5.00 

25.09.1999 P01 11:43:15 PM 

204 – S E T T I N G S - 

205 LAMP E (VDC)    : 4.80    1xS 
206 LAMP F (VDC)    : 7.00    1xS 

207 PASSWORT        : 05 MIN 

208 DATA LOGGER     : 10 SEC

209 DAMPING         : SYMMETRIC

210 DAMPING (SEC)   : 1.0 

211 ZERO            : MANUAL 

212 ZERO            : REMOTE

213 PRODUCT CHANGE  : MANUAL
214 PRODUCT CHANGE  : REMOTE 

215 RELAY           : OPEN 

216 RELAY FOR       : ALARMS

217 REMOTE IN       : IN 1

218 HOLD            : HOLD 1 

219 HOLD            : MANUAL 

220 HOLD            : REMOTE

221 MA OUTPUTS      : 4 - 20 MA

222 FAILSAFE        : +110 % 

223 MA IN 1         : IN USE 

224 MA IN 2         : IN USE

225 INPUT A         : IN USE

226 INPUT B         : IN USE 

227 INPUT C         : IN USE 

228 INPUT D         : IN USE 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1847 of 2133



C4000 SOFTWARE A2 

Page 22 optek Danulat GmbH  D-45356 Essen  Germany Converter C4000 SW-A2 Ver A1.doc 
 

 

3 Basic settings 
 
3.5 Lamp voltage 
 

Use this function to adjust lamp voltage with respect 
to type of sensor and cable length. 
 
 
 
Use cursors   in menu SYSTEM SETUP to select 
menu LAMP VOLTAGE and confirm with key 
ENTER. 
 
 
Enter lamp voltages E and F. Range is 0-8.5 VDC. 
 
Output E is always used with sensor 1, which always 
uses at least optek input (A). One sensor should be 
connected per lamp output. Only two probes AS56 
may be connected in parallel to one lamp output. 
 
 
 
It is possible to switch off lamp outputs without 
changing the lamp voltage settings in menu 
MAINTENANCE \ SERVICE \ LAMP MONITOR (refer 
to 9.8.2).  
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
Normally it is not necessary to change the lamp voltage because the instrument has already been factory 
set for the sensor and cable set delivered with the converter. In case the type of sensor or cable length 
were not specified prior to shipment, the lamp voltage is set to 4.8 VDC. Extended cable sets are available, 
as thicker cables (2:5 mm², 4:0 mm²) are used besides the standard cable (1:5 mm²). Adjustment of the 
lamp voltage with respect to type of sensor and length of cable is a necessity to compensate the voltage 
drop across the cable. If the lamp voltage is too low, incorrect results may occur. If the lamp voltage is too 
high, the lifetime of the lamp module may be reduced considerably. The lamp voltage is measured directly 
at terminals 6 and 7 on the back panel of the converter.  
Power up the lamp module for at least 3 minutes before adjusting the lamp voltage, as the voltage depends 
on the load across terminals 6 and 7! 
 
 

If cable sets are shortened, the user should reduce lamp voltage prior to connection of the 
lamp, to avoid over voltage at the lamp ! 
 

Switch lamp ON / OFF for maintenance purpose in the lamp monitor (9.8.2) ! 
 

Check lamp voltage and lamp current in the lamp monitor (9.8.2) ! 
 

Exclude possible mix up of outputs E  F in installations with two sensors with different 
lamp voltage and / or cable length ! 
 

Connect only one sensor per lamp output ! 
Exception: Two probes AS56 may be connected to one lamp output ! 

SYSTEM SETUP 
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
ADJUST LAMP VOLTAGE: 

LAMP E (VDC)       : 

LAMP F (VDC)       :  5.00 

SWITCH LAMP OFF WITH 

INPUT < 4.5 (VDC) 

NUMBER OF SENSORS AT E     :  1 

NUMBER OF SENSORS AT F     :  1 

REJECT P01 SAVE

7.00
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Lamp voltage 

Cable length AF16, AF26, TF16 
AF16-EX, AF26-EX, TF16-EX 

AS16 
AS16-BT AS56 AF45, AF46 - EX 

m ft. 1.5 mm² 2.5 mm² 4.0 mm² 1.5 mm² 1.5 mm² 1.5 mm² 2.5 mm² 4.0 mm² 
0 0 4.80 4.80 4.80 7.00 7.00

    5   16 4.90  4.90 4.86 7.11  7.04
  10   33 4.99  4.99 4.91 7.22  7.08
  15   49 5.09  5.09 4.97 7.33  7.12
  20   66 5.18  5.18 5.02 7.44  7.17
  25   82 5.28  5.28 5.08 7.55  7.21
  30   98 5.38  5.38 5.13 7.66  7.25
  35 115 5.47  5.47 5.19 7.77  7.29
  40 131 5.57  5.57 5.24 7.88  7.33
  45 148 5.66  5.66 5.30 7.99  7.37
  50 164 5.76  5.76 5.35 8.10  7.42
  60 197 5.95  5.95 5.46  7.74 7.50
  70 230 6.14   7.87 7.58
  80 262 6.34   7.99 7.66
  90 295 6.53   8.11 7.75
100 328 6.72   8.24 7.83
120 394 7.10    8.00
140 459 7.49    8.16
160 525  6.53   
180 591  6.74   
200 656  6.96   
220 722  7.18   
240 787  7.38   
260 853   6.67   
280 919   6.82   
300 984   6.96   
320 1050   7.10   
340 1115   7.25   
360 1181   7.39   
380 1247   7.54   
400 1312   7.68   

Lamp  
voltage = 

4.80 + 
0.0192  

/ m 

4.80 + 
0.0108 

 / m 

4.80 + 
0.0072 

 / m 

4.80 + 
0.0192 

 / m 

4.80 + 
0.011 

/ m 

7.00 + 
0.022 

/ m 

7.00 + 
0.0124 

 / m 

7.00 + 
0.083 

/ m 

Resistance = 
12.8 

Ohm / 
1000 m 

7.2 
Ohm / 

1000 m 

4.8  
Ohm / 

1000 m 

12.8 
Ohm / 

1000 m 

12.8 
Ohm / 

1000 m 

12.8 
Ohm / 

1000 m 

7.2  
Ohm / 

1000 m 

4.8 
 Ohm / 
1000 m 

 
 
 If lamp output is overloaded, the system switches it off after a short period of time 

to minimize thermal damage !  
 

 Use lamp monitor to enable outputs after repair ! 
 

 Hazardous area installations must have lamp voltages according to separate 
Ex-protection documentation !   

 Connect only one sensor per lamp output ! 
Exception: Two probes AS56 may be connected to one lamp output ! 
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3 Basic settings 
 
3.6 Date / time 
 

Use cursor keys   for selection of menu SYSTEM 
SETUP in MAIN MENU and confirm with key ENTER. 
 
 
 
 
 
 
 
 
 
 
 
 
Menu system setup is displayed. 
 
Use cursor keys   for selection of menu DATE / 
TIME and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Select formats and set date and time.  
 
 
 
Use cursor keys     for selection of SAVE. 
Time settings are accepted and transferred after 
Confirmation with ENTER. 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 Permitted entries for the date are from 1998 through 2050 ! 
 

Changing date or time results in new headers and storage sectors in the  
data logger and trending functions ! 

 

 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

MAINTENANCE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
DATE / TIME ADJUSTMENT 

FORMAT DATE        : M M / D D / Y Y Y Y 

SET DATE           : 

FORMAT TIME        : 2 3 : 5 9 : 5 9 PM 

SET TIME           : 

REJECT P01 SAVE
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3 Basic settings 
 
3.7 System data sensors  
 

This function is used to document sensor parameters. 
Data stored in this section are available from the 
information display any time without interrupting the 
measuring mode. 
 
 
Use cursor keys   in menu SYSTEM SETUP to 
select menu SYSTEM DATA SENSOR 1 and confirm 
with ENTER. 
 
 
 
 
 
Enter sensor parameters. 
 
 
Use ENTER to activate the selected alphanumeric 
entry field.  
Use cursor keys     for selection and confirm 
highlighted character with. ENTER  . The character is 
transferred to the text field. Functional fields in the 
lowest line are used for easy corrections of the text 
and final confirmation.  
 (Refer to section 2.2) 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
If additional sensors are installed repeat procedure with system data sensor 2 through 4. 
 
 
 
 
 

 These entries are done for documentation purpose only,  
they do not affect the measurement at all ! 

 
 
 
 
 

SYSTEM SETUP 
FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS 

SYSTEM DATA SENSOR 1 

SYSTEM DATA SENSOR 2 

SYSTEM DATA SENSOR 3 

SYSTEM DATA SENSOR 4 

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
SYSTEM DATA SENSOR 1 

MODEL                : 

SERIAL NO            : 

OPL                  : 

WAVELENGTHS          : 

OPTEK INPUTS         : 

CABLE LENGTH         : 

LAMP OUTPUT          : 

REJECT P01 SAVE
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3 Basic settings 
 
3.8 Password protection 
 

This option protects certain software functions of the 
CONTROL 4000 with a password. Four different 
password levels with different priorities are available, 
the first one has no password allocation at all, 
resulting in free access.  
 
 
 
Use cursor keys   in menu SYSTEM SETUP to 
select menu PASSWORD PROTECTION and confirm 
with ENTER. 
 
 
 
 
 
Use cursor keys   to select menu PASSWORD 
DEFINITION and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
Use cursor keys   to select passwords in level 1 
to 3, enter number and confirm with ENTER. 
 
 
Only numbers 0 through 9 are permitted. 
A maximum of eight digits is possible. 
 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu PASSWORD. 
 
 
 
 Take notes with your password level – 3 -  !!! 
 
 

SYSTEM SETUP 
MA OUTPUTS

RELAY OUTPUTS 

REMOTE IN 

HOLD

FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS

25.09.1999 P01 11:43:15 PM 

PASSWORD
PASSWORD DEFINITION 

PASSWORD ALLOCATION 

PASSWORD DURATION 

25.09.1999 P01 11:43:15 PM 

PASSWORD
PLEASE DEFINE YOUR 

PASSWORDS HERE 

PASSWORD LEVEL 1   : 

PASSWORD LEVEL 2   :  222 

PASSWORD LEVEL 3   :  333 

TAKE NOTES WITH YOUR PASSWORD –3- 

REJECT P01 SAVE

11111111
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This function defines which password level is used to  
to protect each software function. 
 
Use cursor keys   to select PASSWORD 
ALLOCATION and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
This menu list all software functions in the CONTROL 
4000 that my be protected by passwords. 
 
 
Use cursor keys   to select function to be 
protected (here for example product change) and 
confirm with ENTER. 
 
 
 
 
 
 
Use cursor keys   to select password level and 
confirm with ENTER. 
 
 
This way the user can allocate password levels for all 
listed functions.  
 
 
 
 
 
 
 
 
 

Press key CLEAR twice to return to the menu SYSTEM SETUP. 
 
 

After a password has been entered all functions and sub menus of the same and  
any lower password levels will be accessible ! 
 

Access is automatically denied after the password duration (refer to next page) 
New access requires reentry of the password !  

 

 If the password for level – 3 – is lost the user may use  
 PC Transfer CONTROL 4000 for transfer of default values ! 

PASSWORD
PASSWORD DEFINITION 

PASSWORD ALLOCATION 

PASSWORD DURATION 

25.09.1999 P01 11:43:15 PM 

PASSWORD ALLOCATION 
PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

MAINTENANCE

LANGUAGE

SERVICE

PC TRANSFER 

HOLD MANUAL                                                       
25.09.1999 P01 11:43:15 PM 

PASSWORD ALLOCATION 
PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

MAINTENANCE

LANGUAGE

SERVICE

PC TRANSFER 

HOLD MANUAL                                                         
25.09.1999 P01 11:43:15 PM 

- 0 - 
- 1 - 
- 2 - 
- 3 - 
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This function defines the period of time after which 
the pasword protection will be reactivated. 
 
Use cursor keys   to select PASSWORD 
DURATION and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use cursor keys   to select the interval for access 
duration and confirm with ENTER. 
 
Access is automatically denied after this time interval. 
New access requires new password entry. 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
 

 Password protection is reactivated when exiting the current menu !  
 

Access is automatically denied two minutes after return to the measurement display ! 
 
 
 
 
 
 

PASSWORD
PASSWORD DEFINITION 

PASSWORD ALLOCATION 

PASSWORD DURATION 

25.09.1999 P01 11:43:15 PM 

PASSWORD DURATION 
WHICH INTERVAL DO YOU WANT FOR 

RESCAN OF PASSWORD PROTECTION? 

ACTUAL SETTING IS  :  02 MIN 

DURATION           : DURATION
:

REJECT P01 SAVE

02 MIN
05 MIN 
10 MIN 
30 MIN 
60 MIN 
90 MIN 
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4 System setup 
 
4.1 Display 
 

 
This function defines the settings for contrast and 
brightness of the display 
 
Use cursor keys   to select DISPLAY in menu 
SYSTEM SETUP and confirm with ENTER. 
 
 
 
 
 
 
 
 
Use cursor keys   to set contrast and brightness 
anywhere in the range from 0 to 40 units and confirm 
with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user may adjust the temperature compensation 
of the graphics display for his specific requirements. 
Use cursor keys   to set temperature 
compensation in the range from –20 to +20 units and 
confirm with ENTER. 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 

SYSTEM SETUP 
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

DISPLAY SETTINGS 

CONTRAST CONTRAST

BRIGHTNESS

T-COMPENSATION

REJECT P01 SAVE

40
<==              ==> 

DISPLAY SETTINGS 

CONTRAST

BRIGHTNESS

T-COMPENSATION T-COMPENSATION

REJECT P01 SAVE

<<< 40 >>>

<<< 40 >>>

<<< 20 >>>
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4 System setup 
 
4.2 Data logger 
 

This function defines the interval between recorded 
data points and the time resolution for trending.  
 
Use cursor keys   to select DATA LOGGER in 
menu SYSTEM SETUP and confirm with ENTER. 
 
The data logger always stores all four results for the 
current product. The data logger stores in data sector 
headers additionally information regarding the product 
definition. The system generates automatically a new 
data sector with each product change or any change 
in the product definition for the selected product. 
The ring memory (FIFO) may store at least 25.000 to 
30.000 data points with all four results. Once the 
memory gets filled, the system overwrites the oldest 
data sector. 
 
Time period corresponding to 28.800 data points  
Interval Hours Days Weeks 
01 SEC 8 0.3 -- 
05 SEC 40 1.6 -- 
10 SEC 80 3.3 -- 
30 SEC 240 10 1.4 
01 MIN 480 20 2.8 
05 MIN 2.400 100 14.3 
10 MIN 4.800 200 28.6 
30 MIN 14.400 600 85.7 
60 MIN 28.800 1200 171.4 
 
Use cursor keys   to select interval and confirm 
with ENTER. 
 
INTERVAL “- - - “ disables the data logger and trend 
displays, erases all former data points. 
 
Function DATA LOGGER RESET is used to erase all 
former data points (may take a few seconds). There is 
no data recording during that period. 
 
 
 

Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
Results > 103.1% of range are displayed as + +  .  
Results < - 1.25% of range are displayed as  . 
If any HOLD-function is active, the result „HOLD“ is displayed. 
If any FAILSAFE-function is active, the result „FAILSAFE“ is displayed. 
If measurement mode is interrupted by activities like changing PRODUCT DEFINITION, PRODUCT 
CHANGE, MAINTENANCE; TIME/DATE etc., the data logger will display “NO DATA“. 
 
Refer to section 8 for additional information on data logger display, zoom and scroll functions. 

SYSTEM SETUP
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
IN WHICH INTERVAL DO YOU 

WANT TO STORE DATA? 

CURRENT SETTING IS           :  01 SEC 

INTERVAL                     : 

DATA LOGGER 

RESET                        : 

REJECT P01 SAVE

SYSTEM SETUP 
IN WHICH INTERVAL DO YOU 

WANT TO STORE DATA? 

CURRENT SETTING IS           :  01 SEC 

INTERVAL                     : 

DATA LOGGER 

RESET                        : 

REJECT P01 SAVE

01 SEC 
05 SEC 
10 SEC 
30 SEC 
01 MIN 
05 MIN 
10 MIN 
30 MIN 
60 MIN 
- - -
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4 System setup 
 
4.3 Damping 
 

This function defines the type of damping and its 
integration time.  
 
 
 
Use cursor keys   to select DAMPING in menu 
SYSTEM SETUP and confirm with ENTER. 
 
 
 
 
 
Symmetric damping integrates rising and falling 
signals with the same time constant defined by the 
damping time. 
 
Asymmetric damping integrates rising signals with the 
time constant defined by the damping time, but 
integrates falling signals with a tenth of that time 
constant. Asymmetric damping may be used to 
strongly damp a sequence of short term high readings 
(needle pulses) with a drastically lower risk of 
accumulation as observed with symmetric damping. 
 
Use cursor keys   to select the type of damping 
and confirm with ENTER. 
 
 
 
Use cursor keys   to select DAMPING (SEC) and 
set integration time from 0.0 to 99.9 seconds, confirm 
with ENTER. 
 
 
Integration time 0.0 disables damping, the system 
responds within 0.1 second.  
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 

SYSTEM SETUP
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
ALL RESULTS ARE DAMPED 

AS FOLLOWS: 

DAMPING           : 

DAMPING (SEC)     : 

REJECT P01 SAVE

SYMMETRIC
ASYMMETRIC

SYSTEM SETUP 
ALL RESULTS ARE DAMPED 

AS FOLLOWS: 

DAMPING            :    SYMMETRIC 

DAMPING (SEC)      : 

REJECT P01 SAVE

1.0
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4 System setup 
 
4.4 System zero 
 

This function is used to enable or disable manual and 
/ or remote access to zero point adjustment. 
 
 
 
 
 
Use cursor keys   to select SYSTEM ZERO in 
menu SYSTEM SETUP and confirm with ENTER. 
 
 
 
 
 
 
 
 
Use cursor keys   to select required access to 
zero point adjustment and confirm with ENTER. 
 
If the PLC should be the only access to the zero 
adjustment, the user should select MANUAL = NO 
and REMOTE = YES.  
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 MANUAL = NO generates a note in menu 9.2 MAINTENANCE \ SYSTEM ZERO SETTING ! 
 

 REMOTE = NO generates no note in menu 9.2 MAINTENANCE \ SYSTEM ZERO SETTING ! 
 

MANUAL and REMOTE = NO is a permitted setting that disables both access options  
and consequently freezes the zero point !  

 

Refer to section 9.2 MAINTENANCE \ SYSTEM ZERO SETTING and  
sections 11.1, 11.2 Remote IN for additional information on zeroing ! 

 
 

SYSTEM SETUP
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
ZERO ADJUSTMENT IS DONE: 

MANUAL             : YES

REMOTE             : YES

REJECT P01 SAVE
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4 System setup 
 
4.5 Product change 
 

This function is used to enable or disable manual and 
/ or remote access to product change. 
 
 
 
 
 
Use cursor keys   to select PRODUCT CHANGE 
in menu SYSTEM SETUP and confirm with ENTER. 
 
 
 
 
 
 
 
 
Use cursor keys   to select required access to 
product change and confirm with ENTER. 
 
If the PLC should be the only access to the product 
change, the user should select MANUAL = NO and 
REMOTE = YES  
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
 
 MANUAL = NO generates a note in menu PRODUCT CHANGE ! 
 

 REMOTE = NO generates no note! 
 

 MANUAL and REMOTE = NO is a permitted setting that disables both access options  
and consequently freezes the current product !  

 
 

SYSTEM SETUP
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
PRODUCT CHANGE IS DONE: 

MANUAL             : YES

REMOTE             : YES

REJECT P01 SAVE
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4 System setup 
 
4.6 mA outputs 
 

This function is used to select the basic setting for all 
mA outputs. 
 
 
 
 
 
 
 
 
Use cursor keys   to select MA OUTPUTS in 
menu SYSTEM SETUP and confirm with ENTER. 
 
 
 
The basic setting is valid for all mA outputs, with 
terminals 40 - 43 for mA outputs 1 and 2 and with 
terminals 44 – 47 for mA outputs 3 and 4 (optional). 
 
 
Use cursor keys   to select required basic setting 
and confirm with ENTER. 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
The basic setting “4-20 MA” represents the recommendation NE43 by NAMUR. Signals from 3.8 to 20.5 
mA are used for results. FAILSAFE signal is 2.4 or 21.6 mA, corresponding to –10% and +110% of range 
or 3.8 and 20.5 mA corresponding to –1.25% and +103.1% of range. 
 
 
With basic setting “0 – 20 MA” signals from 0.0 to 20.0 mA are used for results. Only FAILSAFE-
information is only  22.0 mA, corresponding to +110% of range or 20.6 mA corresponding to 103.1%, since 
negative signals are not possible. 
 
 
 For signals under fault conditions refer to menu SYSTEM SETUP \ FAILSAFE ! 
 

 For calibration of mA outputs refer to menu MAINTENANCE \ CALIBRATION MA OUTPUTS ! 
 
 

SYSTEM SETUP
DISPLAY

DATE / TIME 

DATA LOGGER 

DAMPING

LAMP VOLTAGE 

SYSTEM ZERO 

PRODUCT CHANGE 

MA OUTPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
MA OUTPUTS: 

BASIC SETTING      : 

REJECT P01 SAVE

0 - 20 MA 
4 - 20 MA 
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4 System setup 
 
4.7 Relay outputs 
 

This function is used to select the basic setting for all 
relay outputs. 
 
Use cursor keys   to select RELAY OUTPUTS in 
menu SYSTEM SETUP and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
The basic setting is valid for relay outputs 1 to 3 
(SPST) at terminals 10 – 15. 
System relay 4 is not configurable (DPST) at 
terminals 16 to 18. 
 
Use cursor keys   to select contacts and confirm 
with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use cursor keys   to configure relay outputs 1 to 
3 as alarm indicators or for status feedback and 
confirm with ENTER. 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
 
 For more details on the functions REMOTE OUT 1, REMOTE OUT 2 and  

REMOTE OUT 3 refer to sections 11.3 to 11.5 ! 
 

SYSTEM SETUP 
MA OUTPUTS

RELAY OUTPUTS 

REMOTE IN 

HOLD

FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
HOW DO YOU WANT TO USE 

RELAY 1 – 3? 

NORMALLY           : NORMALLY
:

OUTPUTS FOR        :  ALARMS 

SYSTEM RELAY 4 IS ALWAYS ACTIVE ! 

REJECT P01 SAVE

SYSTEM SETUP 
HOW DO YOU WANT TO USE 

RELAY 1 – 3? 

NORMALLY           : OPEN 

OUTPUTS FOR        : OUTPUTS FOR
:

SYSTEM RELAY 4 IS ALWAYS ACTIVE ! 

REJECT P01 SAVE

OPEN
CLOSED

ALARMS
REMOTE OUT 1 
REMOTE OUT 2 
REMOTE OUT 3 
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4 System setup 
 
4.8 REMOTE IN 
 

This function is used to configure the function of 
remote inputs in the C4000. Functions REMOTE IN 1 
or REMOTE IN 2 enable global or individual zeroing 
of results. 
Use cursor keys   to select REMOTE IN in menu 
SYSTEM SETUP and confirm with ENTER. 
 
REMOTE IN 1 uses inputs R1 to R7 with equal 
ranking. Product change and zeroing may be initiated 
simultaneously. Zero point setting is executed 
globally, i.e. all results for all products are zeroed the 
same time. 
 
REMOTE IN 2 uses inputs R1 to R4 with respect to 
R6.  
With R6 = LOW all other inputs are used as defined 
for REMOTE IN 1. 
With R6 = HIGH inputs R1 to R4 are used to select 
results M01 to M04 for individual zeroing. 
 
Use cursor keys   to select function and confirm 
with ENTER. 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
 REMOTE IN 1 requires to set inputs R1 to R3 for the current product,  
 otherwise zeroing with R6 initiates a product change !  
  

 If R6 = HIGH, REMOTE IN 2 uses R1 to R4 for selection of results! 
 

 For more details, refer to sections 4.4 System zero and 11.1 Remote IN ! 
 
 
 
 

SYSTEM SETUP 
MA OUTPUTS

RELAY OUTPUTS 

REMOTE IN 

HOLD

FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 

WHICH FUNCTION DO YOU WANT TO USE 

FOR REMOTE IN?     : FOR REMOTE IN? 

V P01 SAVE

REMOTE IN 1 
REMOTE IN 2 
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4 System setup 
 
4.9 HOLD 
 

This function is used to configure the HOLD function 
in the C4000. HOLD functions freeze outputs and 
displays.  
 
Use cursor keys   to select HOLD in menu 
SYSTEM SETUP and confirm with ENTER. 
 
HOLD 1 freezes the display, all LED’s, the data 
logger and all mA outputs of the C4000. 
HOLD 2 freezes only the data logger and all mA 
outputs of the C4000, while all local displays remain 
active (refreshed for maintenance). 
 
Valid with both functions: 
Relays 1 to 3 are frozen if used as outputs for 
ALARM’s. 
Relays 1 to 3 are not frozen if used as REMOTE 
OUTPUT’s  
 
Use cursor keys   to select HOLD function and 
confirm with ENTER. 
 
 
 
 
 
Save entry (or reject) after finalizing entry. 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
 HOLD does not affect Remote OUT ! 
 

 HOLD does not affect the system relay ! 
 

 During HOLD 1 or HOLD 2 the data logger stores the result HOLD ! 
 

 HOLD 2 enables maintenance with local display of results ! 
 

 Refer to next page for additional settings ! 
 
 
 
 
 
 
 

SYSTEM SETUP 
MA OUTPUTS

RELAY OUTPUTS 

REMOTE IN 

HOLD

FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
WHICH FUNCTION DO YOU WANT TO USE 

FOR HOLD?           :

HOLD IS DONE H

MANUAL              :  YES 

REMOTE              :  NO 

HOLD MESSAGE ON 

MEASUREMENT DISPLAY?:  YES 

REJECT P01 SAVE

HOLD 1 
HOLD 2 
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This function is used to enable or disable manual and 
/ or remote access to HOLD. 
 
 
 
Use cursor keys   to select required access and 
confirm with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use cursor keys   to select required access and 
confirm with ENTER. 
 
Once a HOLD function is activated, the measurement 
display will show flashing HOLD in the time and date 
fields. 
 
 
 
 
 
 
HOLD MESSAGE ON MEASUREMENT DISPLAY is 
a function that generates the message box ‘’HOLD” 
on the display indicating HOLD state including date 
and time when the HOLD function was activated.  
The message box can be removed with CLEAR, but 
will reappear after 30 seconds.  
Use cursor keys   to select and confirm with 
ENTER. 
 
 

Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEMSETUP. 
 
 
 HOLD appears in status line, if measurement mode is active ! 
 

 HOLD MESSAGE ON MEASUREMNET DISPLAY is recommended with HOLD 1 ! 
 
 

SYSTEM SETUP 
WHICH FUNCTION DO YOU WANT TO USE 

FOR HOLD?           :  HOLD 1 

HOLD IS DONE 

MANUAL              :  YES 

REMOTE              :

HOLD MESSAGE ON 

MEASUREMENT DISPLAY?:  YES 

REJECT P01 SAVE

SYSTEM SETUP 
WHICH FUNCTION DO YOU WANT TO USE 

FOR HOLD?           :  HOLD 1 

HOLD IS DONE 

MANUAL              :  YES 

REMOTE              :  NO 

HOLD MESSAGE ON 

MEASUREMENT DISPLAY?:

REJECT P01 SAVE

SYSTEM SETUP 
WHICH FUNCTION DO YOU WANT TO USE 

FOR HOLD?           :  HOLD 1 

HOLD IS DONE 

MANUAL              :

REMOTE              : 

HOLD MESSAGE ON 

MEASUREMENT DISPLAY?:  YES 

REJECT P01 SAVE

YES
NO 

YES
NO 

YES
NO 
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4 System setup 
 
4.10 FAILSAFE 
 

This function defines the state of the converter under 
fault conditions. Typically FAILSAFE results from a 
signal loss at one or more inputs (refer to section 12. 
fault indications).  
 
Use cursor keys   to select FAILSAFE in menu 
SYSTEM SETUP and confirm with ENTER. 
 
 
The fault conditions are always related to the current 
results. Any output is driven into a state 
corresponding to the system settings and the product 
definitions.  
 
Value = (RANGE END - RANGE BEGIN) x (-10%) 
or  
Value = (RANGE END - RANGE BEGIN) x (+110%) 
UNITS and FORMAT remain unchanged. 
 
Use cursor keys   to select required state and 
confirm with ENTER. 
 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
The basic setting “4-20 MA” represents the recommendation NE43 by NAMUR. Signals from 3.8 to 20.5 
mA are used for results. FAILSAFE signal is 2.4 or 21.6 mA, corresponding to –10% and +110% of range 
or 3.8 and 20.5 mA corresponding to –1.25% and +103.1% of range. 
With basic setting “0 – 20 MA” signals from 0.0 to 20.0 mA are used for results. Only FAILSAFE-
information is only  22.0 mA, corresponding to +110% of range or 20.6 mA corresponding to 103.1%, since 
negative signals are not possible. The table below lists all possible FAILSAFE signals: 
 

FAILSAFE SIGNAL - 10 % - 1.25 % +103.1 % +110 % 
4.0 – 20 mA 2.4 mA 3.8 mA 20.5 mA 21.6 mA 
0.0 – 20 mA 0.0 mA 0.0 mA 20.6 mA 22.0 mA 

 

If FAILSAFE is active, the result “FAILSAFE“ is displayed in the data logger. 
If FAILSAFE is active, an error message box like SIGNAL LOSS appears in the measurement display and 
overwrites actual results and trends. 
 
 FAILSAFE may be triggered by signal loss at optek inputs A, B, C and/or D  
 or mA inputs 1 or 2. Typically lamp failure initiates signal loss  ! 
  

 FAILSAFE is never triggered by any communication faults, however  
a subsequent signal loss would trigger a system failure alarm! 

 

 Settings like –1.25% or +103.1% are useful, if SIGNAL LOSS is likely to happen under 
 normal operating conditions (for example at the beginning of filtration processes) ! 

SYSTEM SETUP 
MA OUTPUTS

RELAY OUTPUTS 

REMOTE IN 

HOLD

FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
THE FAILSAFE FUNCTION DRIVES THE 

SYSTEM UNDER FAULT CONDITION INTO 

STATE              : STATE
:

REJECT P01 SAVE

- 10 % 
+110 % 
-  1.25% 
+103.1 % 
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4 System setup 
 
4.11 optek inputs 
 

This function activates or deactivates the optek 
detector input channels A through D. Ilustrated below 
is a dual channel sensor as an example (channels A 
and C are connected). 
 
Use cursor keys   to select OPTEK INPUTS in 
menu SYSTEM SETUP and confirm with ENTER. 
 
 
 
 
The converter uses this information for test 
procedures and subsequent generation or 
suppression of error messages.  
A defective sensor may remain physically connected 
without disturbing the operation of the system. 
 
Use cursor keys   to select connection and 
confirm with ENTER. 
 
 
 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
 
 
 
 
 

SYSTEM SETUP 
MA OUTPUTS

RELAY OUTPUTS 

REMOTE IN 

HOLD

FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
THESE DETECTOR INPUTS 

ARE CONNECTED: 

CHANNEL A          : YES

CHANNEL B          :  NO 

CHANNEL C          :  YES 

CHANNEL D          :  NO 

REJECT P01 SAVE
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4 System setup 
 
4.12 mA inputs 
 

This function activates or deactivates the mA input 
channels 1 and 2. Ilustrated below is the use of MA 
INPUT 1. 
 
Use cursor keys   to select MA INPUTS in menu 
SYSTEM SETUP and confirm with ENTER. 
 
 
 
 
The converter uses these information for test 
procedures and subsequent generation or 
suppression of error messages.  
A defective sensor may remain physically connected 
without disturbing the operation of the system. 
 
 
 
 
Use cursor keys   to select connection and 
confirm with ENTER. 
 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to menu SYSTEM SETUP. 
 
 
 
 
 

SYSTEM SETUP 
MA OUTPUTS

RELAY OUTPUTS 

REMOTE IN 

HOLD

FAILSAFE

PASSWORD PROTECTION 

OPTEK INPUTS 

MA INPUTS

25.09.1999 P01 11:43:15 PM 

SYSTEM SETUP 
THESE MA INPUTS 

ARE CONNECTED: 

MA INPUT 1         : YES

MA INPUT 2         :  NO 

(4 –20 MA REPRESENT 0 – 100 %) 

REJECT P01 SAVE
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5 Product configuration 
 
5.1 Select product 
 

This function is used to define all details specific to an 
application and its measuring values. The eight 
separate product configurations enable the user to 
optimize the system for his/her needs. 
The system may be set up for different products with 
batch processing as well as for different operational 
conditions while processing the same product. The 
user may define four independent results within each 
product configuration.  
Use cursor keys   to select PRODUCT 
CONFIGURATION in MAIN MENU and confirm with 
ENTER.  
 
 
 
 
 
Use cursor keys   to select product in menu 
PRODUCT CONFIGURATION and confirm with 
ENTER. 
 
 
 
 
 
 
 
 
The menu for configuring products appears. Here 
shown with product P02 as an example 
 
 
 
 
 
 
The name of the current product in the status line 
changes from the last product to the current product 
that is being reconfigured, here P01 P02. 
 
 
 

 
 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

PRODUCT CONFIGURATION 
WHICH PRODUCT DO YOU 

WANT TO CONFIGURE? 

P01

P02

P03

P04

P05

P06

25.09.1999 P01 11:43:15 PM 

PRODUCT:   P02
DEFINE PRODUCT NAME 

DEFINE RESULT 

DEFINE LINEARIZATION 

DEFINE ALARM 

DEFINE DISPLAY 

25.09.1999 P02 11:43:15 PM 
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5 Product configuration 
 
5.2 Define product name 
 

This function is used to define the name (maximum 
12 characters) for each product configuration. These 
names are preset with P01 through P08. 
 
Use cursor keys   to select menu DEFINE 
PRODUCT NAME and confirm with ENTER.  
 
 
 
 
Use cursor keys   to select product in menu 
PRODUCT CONFIGURATION and confirm with 
ENTER. 
 
The user may activate the field "NEW NAME" with 
ENTER and enter the new name. 
Use cursor keys     to select characters, 
confirm with ENTER. Functional fields are used for 
corrections of the text. Alphanumeric entry is 
terminated with O K and ENTER. 
 
(Refer to section 2.2 for alphanumeric entry) 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu with the new name PRODUCT P02A as 
illustrated in this example. 
 
 
 
 
 
 
 

PRODUCT:   P02
DEFINE PRODUCT NAME 

DEFINE RESULT 

DEFINE LINEARIZATION 

DEFINE ALARM 

DEFINE DISPLAY 

25.09.1999 P02 11:43:15 PM 

DEFINE PRODUCT NAME 
CURRENT NAME       : 

                      P02 

NEW NAME           :  P02 A 

REJECT P02 SAVE

A B C D E F G H I J K L M N O
P Q R S T U V W X Y Z + - / *
0 1 2 3 4 5 6 7 8 9 . % ( )

OKDEL>>><<<
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5 Product configuration 
 
5.3 Define result 
 

This function is used to define results, for example 
range, units and format. The system calculates 
always four results for the current product, each of 
them may have individual specifications.   
Use cursor keys   to select menu DEFINE 
PRODUCT NAME and confirm with ENTER.  
 
 
 
 
 
 
 
 
 
Names M01 through M04 are preset, refer to next 
page for renaming. 
 
 
Use cursor keys   to select result (M01 to M04) 
and confirm with ENTER. 
Here M01 is used as an example. 
 
 
 
 
 
 

 
Menu RESULT M01 is used to define all settings for the first result used in the previously selected current 
product. 
 
The mA outputs 1 through 4 and data logger readings 1 through 4 are permanently assigned to results M01 
through M04. Result M01 drives mA output 1, Result M02 drives mA output 2 and so on.  
 
 
 If only mA outputs 1 and 2 are available, the converter can not output  

results M03 and M04 via mA outputs ! 
 

Results M03 and M04 are always available for the local display  
and storage in the data logger ! 

PRODUCT:   P02 A
DEFINE PRODUCT NAME 

DEFINE RESULT 

DEFINE LINEARIZATION 

DEFINE ALARM 

DEFINE DISPLAY 

25.09.1999 P02 A 11:43:15 PM 

DEFINE RESULT 
WHICH RESULT DO YOU 

WANT TO DEFINE? 

M01

MO2

M03

M04

25.09.1999 P02 A 11:43:15 PM 
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5 Product configuration 
 
5.3.1 Define product name 
 

This function is used to define the name (maximum 
12 characters) for each result. These names are 
preset to M01 through M04 in all products. 
Activate the field "DEFINE NAME" with ENTER and 
enter the new name.  
Use cursor keys     to select characters, 
confirm with ENTER. Functional fields are used for 
corrections of the text. Alphanumeric entry is 
terminated with O K and ENTER. (Refer to section 
2.2 for alphanumeric entry). 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 
 
 
 The user may change the 32 preset names M01 through M04 in each of the products  

P01 through P08 according to his / her operational needs. 
 
 
 
 
 
 
 
 

RESULT : M01
DEFINE NAME        :  M01 

FUNCTION           :  ABS -CU   (A) 

x MA INPUT       :  --- 

x LINEARIZATION   :  --- 

RANGE BEGIN        :     0.0000 

RANGE END          :     5.0000 

UNITS              :  CU 

FORMAT             :  +99.99 

REJECT P02 A SAVE

A B C D E F G H I J K L M N O
P Q R S T U V W X Y Z + - / *
0 1 2 3 4 5 6 7 8 9 . % ( )

OKDEL>>><<<
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5 Product configuration 
 
5.3.2 Result - define function 
 

This function is used to select the measurement 
function for processing the detector signals with 
respect to the application. 
 
Use cursor keys   to select measurement 
function and confirm with ENTER.  
 
 
 
 
 
Save entry (or reject). 
 
After saving the entry the system returns to the 
previous menu. 
 
 
 
 
 
 
 
Description of function PROD_FEEDBACK 
Range is 0 – 16 PROD. Values 1 through 8, 
corresponding to products P01 through P08, appear 
in the measurement display together with PROD as 
units. Data logger and mA output have corresponding 
readings. For more details refer to section 11.3 
Remote OUT functions. 
 
 

 
 
 
 PROD_FEEDBACK “ measures “ which product is currently active ! 
 

 The user can activate PROD_FEEDBACK for documentation of products in use  
in the data logger and/or could use any mA output for readout ! 

 
 
 
 
The choice of measurement functions depends on the type and quantity of sensors connected to the 
converter as well as on the measuring task in the application. The table below lists all possible selections of 
measurement functions sorted by sensors. 

RESULT : M01
DEFINE NAME        : 

FUNCTION           : FUNCTION
: ABS -CU (A)

x MA INPUT         :  --- 

x LINEARIZATION    :  --- 

RANGE BEGIN        :     0.0000 

RANGE END          :     5.0000 

UNITS              :  CU 

FORMAT             :  +99.99 

REJECT P02 A SPEICHERN

ABS -CU   (A) 
ABS -CU   (B) 
ABS -CU   (C) 
ABS -CU   (D) 
ABS -CU   (A-C) 
ABS -CU   (B-D) 
A-CU(A-C)-(B-D)
% TRANSM  (A) 
% TRANSM  (B) 
% TRANSM  (C) 
% TRANSM  (D) 
% TRANSM  (A/C) 
% TRANSM  (B/D) 
% TR(A/C)/(B/D) 
TURB PPM  (A/C) 
TURB PPM  (B/D) 
TURB FTU  (A/C) 
TURB FTU  (B/D) 
TURB EBC  (A/C) 
TURB EBC  (B/D) 
PPM (A/C)-(B/D) 
FTU (A/C)-(B/D) 
EBC (A/C)-(B/D) 
PROD_FEEDBACK
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The choice of measurement functions depends on the type and quantity of sensors connected to the 
converter as well as on the measuring task in the application. The table below lists all possible selections of 
measurement functions sorted by sensors. 
 

SENSOR 1 
connected  

to: 

SENSOR 2 
connected  

to: 
SENSOR 1 

(LAMP E) 
SENSOR 2 

(LAMP F) 
Meas. Ref. Meas. Ref. 

Permitted choice  
of functions 

AF16  
AS16 / AS16-BT 

AS56 
 A    ABS - CU (A) 

% TRANSM (A) 

AF26 
 

2 x AS56 
 A C   

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (A-C) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (A/C) 

AF45  A C   

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (A-C) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (A/C) 

TF16  A C   
TURB PPM (A/C) 
TURB FTU (A/C) 
TURB EBC (A/C) 
ABS - CU (C) 
% TRANSM (C) 

AF16 
 

AS16 / AS16-BT 
 

AS56 

AF16 
 

AS16 / AS16-BT 
 

AS56 

A  C  

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (A-C) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (A/C) 

AF16 
 

AS16 / AS16-BT 
 

AS56 

AF26 
 

2 x AS56 
A  B D 

ABS - CU (A) 
ABS - CU (B) 
ABS  -CU (D) 
ABS - CU (B-D) 
% TRANSM (A) 
% TRANSM (B) 
% TRANSM (D) 
% TRANSM (B/D) 

AF16 
 

AS16 / AS16-BT 
 

AS56 

AF45 A  B D 

ABS - CU (A) 
ABS - CU (B) 
ABS  -CU (D) 
ABS - CU (B-D) 
% TRANSM (A) 
% TRANSM (B) 
% TRANSM (D) 
% TRANSM (B/D) 

AF16 
 

AS16 / AS16-BT 
 

AS56 

TF16 A  B D 

ABS - CU (A) 
ABS - CU (D) 
% TRANSM (A) 
% TRANSM (D) 
TURB PPM (B/D) 
TURB FTU (B/D) 
TURB EBC (B/D) 

 
 Sensor AF16 may be replaced by probe AS16 (not EX).  

Two probes AS56 may be connected to each lamp output, but the user must configure the 
lamp output for two sensors in the menu SYSTEM SETUP \ LAMP VOLTAGE ! 
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The choice of measurement functions depends on the type and quantity of sensors connected to the 
converter as well as on the measuring task in the application. The table below lists all possible selections of 
measurement functions sorted by sensors. 
 

SENSOR 1 
connected  

to: 

SENSOR 2 
connected  

to: 
SENSOR 1 

(LAMP E) 
SENSOR 2 

(LAMP F) 
Meas. Ref. Meas. Ref. 

Permitted choice  
of functions 

AF26 
 

2 x AS56 

AF26 
 

2 x AS56 
A C B D 

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (B) 
ABS - CU (D) 
ABS - CU (A-C) 
ABS - CU (B-D) 
A - CU  (A-C) - (B-D) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (B) 
% TRANSM (D) 
% TRANSM (A/C) 
% TRANSM (B/D) 
% TR  (A/C) / (B/D) 

AF26 
(not permitted 
with EX-proof)  

AF45  
(not permitted 
with EX-proof)  

A C B D 

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (B) 
ABS - CU (D) 
ABS - CU (A-C) 
ABS - CU (B-D) 
A - CU  (A-C) - (B-D) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (B) 
% TRANSM (D) 
% TRANSM (A/C) 
% TRANSM (B/D) 
% TR  (A/C) / (B/D) 

AF26 
 

2 x AS56 

TF16 
 

2 xAS56 
A C B D 

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (D) 
ABS - CU (A-C) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (D) 
% TRANSM (A/C) 
TURB PPM (B/D) 
TURB FTU (B/D) 
TURB EBC (B/D) 

 
 
 Sensor AF16 may be replaced by probe AS16 (not EX).  

Two probes AS56 may be connected to each lamp output, but the user must configure the 
lamp output for two sensors in the menu SYSTEM SETUP \ LAMP VOLTAGE ! 
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The choice of measurement functions depends on the type and quantity of sensors connected to the 
converter as well as on the measuring task in the application. The table below lists all possible selections of 
measurement functions sorted by sensors. 
 

SENSOR 1 
connected  

to: 

SENSOR 2 
connected  

to: 
SENSOR 1 

(LAMP E) 
SENSOR 2 

(LAMP F) 
Meas. Ref. Meas. Ref. 

Permitted choice  
of functions 

AF45 AF45 A C B D 

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (B) 
ABS - CU (D) 
ABS - CU (A-C) 
ABS - CU (B-D) 
A - CU  (A-C) - (B-D) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (B) 
% TRANSM (D) 
% TRANSM (A/C) 
% TRANSM (B/D) 
% TR  (A/C) / (B/D) 

AF45 
(not permitted 
with EX-proof) 

TF16 
(not permitted 
with EX-proof) 

A C B D 

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (D) 
ABS - CU (A-C) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (D) 
% TRANSM (A/C) 
TURB PPM (B/D) 
TURB FTU (B/D) 
TURB EBC (B/D) 

TF16 TF16 A C B D 

TURB PPM (A/C) 
TURB PPM (B/D) 
TURB FTU (A/C) 
TURB FTU (B/D) 
TURB EBC (A/C) 
TURB EBC (B/D) 
PPM  (A/C) - (B/D) 
FTU  (A/C) - (B/D) 
EBC  (A/C) - (B/D) 
ABS - CU (C) 
ABS - CU (D) 
% TRANSM (C) 
% TRANSM (D) 

AF46  A C B D 

ABS - CU (A) 
ABS - CU (C) 
ABS - CU (B) 
ABS - CU (D) 
ABS - CU (A-C) 
ABS - CU (B-D) 
A - CU  (A-C) - (B-D) 
% TRANSM (A) 
% TRANSM (C) 
% TRANSM (B) 
% TRANSM (D) 
% TRANSM (A/C) 
% TRANSM (B/D) 
% TR  (A/C) / (B/D) 
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5 Product configuration 
 
5.3.3 Result - multiplication with mA input 
 

This function is used to multiply the previously 
selected measurement function with any of the mA 
input channels 1 or 2. The converter reads 4-20 mA = 
0 – 100% = 0 – 1, - - - doesn’t affect the result at all 
(multiplication with 1). 
I 
Use cursor keys   to select ma input and confirm 
with ENTER. 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 
 

mA inputs are calibrated for basic setting of 4-20 mA, corresponding to  
NAMUR recommendation NE 43 ! 
 

The converter uses readings from 3.6 to 21.0 mA for calculations ! 
 

The converter generates error message “SIGNAL LOSS” if readings are  
below 3.6 or above 21.0 mA and used in the result definition ! 

 

Refer to section 4.10, menu SYSTEM SETUP \ FAILSAFE for operation 
under fault conditions ! 

 

Refer to section 9.6, menu MAINTENANCE \ CALIBRATION MA INPUTS  
for details on calibration ! 

 
 
 

RESULT : M01
DEFINE NAME        : M01 

FUNCTION           :  ABS -CU   (A) 

x MA INPUT         : x MA INPUT       : 
---

x LINEARIZATION    : 

RANGE BEGIN        :     0.0000 

RANGE END          :     5.0000 

UNITS              :  CU 

FORMAT             :  +99.99 

REJECT P02 A SAVE

---

IN01 (0-100%) 

IN02 (0-100%) 
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5 Product configuration 
 
5.3.4 Result - multiplication with linearization 
 

This function is used to multiply the previously 
selected measurement function with one of the 16 
linearization tables. Selection of - - - disables 
linearization (multiplication with 1). 
 
Use cursor keys   to select linearization table and 
confirm with ENTER. 
 
 
 
 
 
Save entry (or reject). 
 
 
 
 
 
 
 
 
 

 
After saving the entry the system returns to the previous menu. 
 
 
 
Refer to section 5.4 for details on linearization tables.  
 
 
 

RESULT : M01
DEFINE NAME        :  M01 

FUNCTION           :  ABS -CU   (A) 

x MA INPUT         :  --- 
x LINEARIZATION   :
---

x LINEARIZATION   :
---

RANGE BEGIN        :     0.0000 

RANGE END          :     5.0000 

UNITS              :  CU 

FORMAT             :  +99.99 

REJECT P01 SPEICHERN

---
L01
L02
L03
L04
L05
L06
L07
L08
L09
L10
L11
L12
L13
L14
L15
L16
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5 Product configuration 
 
5.3.5 Result – range begin and end 
 

This function is used to enter the range begin. 
 
Range begin may be a negative value as well. If 
range begin is a positive value, the converter 
generates a negative output signal after setting the 
system zero point. This may initiate error messages in 
the plant PLC. 
 
Use cursor keys   to select RANGE BEGIN, 
enter value and confirm with ENTER. 
 
 
 
 
This function is used to enter the range end. 
 
Use cursor keys   to select RANGE END, enter 
value and confirm with ENTER. 
 
 
 
 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 
 
 

Check alarm set points after changing range ! 
 
 
 
 

RESULT : M01
DEFINE NAME        :  M01 

FUNCTION           :  ABS -CU   (A) 

x MA INPUT         :  --- 

x LINEARIZATION    :  --- 

RANGE BEGIN        : 

RANGE END          :     5.0000 

UNITS              :  CU 

FORMAT             :  +99.99 

REJECT P02 A SAVE

  0.0000 

RESULT : M01
DEFINE NAME        :  M01 

FUNCTION           :  ABS -CU   (A) 

x MA INPUT         :  --- 

x LINEARIZATION    :  --- 

RANGE BEGIN        :     0.0000 

RANGE END          : 

UNITS              :  CU 

FORMAT             :  +99.99 

REJECT P02 A SAVE

 6.0000 
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5 Product configuration 
 
5.3.6 Result - range unit and format 
 

This function is used to define the name (maximum 5 
characters) for units.  
 
 
 
Activate the field "UNITS" with ENTER and enter the 
new units.  
Use cursor keys     to select characters, 
confirm with ENTER. Functional fields are used for 
corrections of the text. Alphanumeric entry is 
terminated with O K and ENTER. (Refer to section 
2.2 for alphanumeric entry). 
 
 
 
 
 
 
 
 
Use cursor keys   to select FORMAT, select 
resolution and confirm with ENTER. 
 
 
 
 
Save entry (or reject). 
 
 
 
 

After saving the entry the system returns to the previous menu. 
 
The mA outputs 1 through 4 and data logger readings 1 through 4 are permanently assigned to results M01 
through M04. Result M01 drives mA output 1, Result M02 drives mA output 2 and so on.  
 
 
 If only mA outputs 1 and 2 are available, the converter can not output  

results M03 and M04 via mA outputs ! 
 

Results M03 and M04 are always available for the local display  
and storage in the data logger ! 

 
 
 
 

RESULT : M01
DEFINE NAME        :  M01 

FUNCTION           :  ABS -CU   (A) 

x MA INPUT         :  --- 

x LINEARIZATION    :  --- 

RANGE BEGIN        :     0.0000 

RANGE END          :     5.0000 

UNITS              :  CU 

FORMAT             : 

REJECT P02 A SPEICHERN

+9999
+999.9
+99.99
+9.999
+9.9999

RESULT : M01
DEFINE NAME        :  M01 

FUNCTION           :  ABS -CU   (A) 

x MA INPUT         :  --- 

x LINEARIZATION   :  --- 

RANGE BEGIN        :     0.0000 

RANGE END          :     5.0000 

UNITS              :   CU 

FORMAT             :  +99.99 

REJECT P02 A SAVE

A B C D E F G H I J K L M N O
P Q R S T U V W X Y Z + - / *
0 1 2 3 4 5 6 7 8 9 . % ( )

OKDEL>>><<<
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5 Product configuration 
 
5.4 Define linearization 
 

This function is used to define up to 16 different 
linearization tables, each of them may be used in any 
of the eight products. 
 
Use cursor keys   to select DEFINE 
LINEARIZATION and confirm with ENTER. 
 
 
 
 
 
 
 
 
Use cursor keys   to select linearization, and 
confirm with ENTER. 
 
Here illustrated with linearization table L01. 
 
 
 
Menu LINEARIZATION: L01 is used to define all 
entries.  
 
 
 
 
 

 
 

PRODUCT:   P01
DEFINE PRODUCT NAME 

DEFINE RESULT 

DEFINE LINEARIZATION 

DEFINE ALARM 

DEFINE DISPLAY 

25.09.1999 P02 A 11:43:15 PM 

DEFINE LINEARIZATION 
WHICH LINEARIZATION TABLE DO YOU 

WANT TO DEFINE? 

L01

LO2

L03

L04

L05

L06

25.09.1999 P02 A 11:43:15 PM 
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5 Product configuration 
 
5.4.1 Linearization - define table name 
 

This function is used to define the name (maximum 
12 characters) for each table. These names are 
preset to L01 through L16. 
Activate the field "DEFINE NAME" with ENTER . Use 
cursor keys     to select characters, confirm 
with ENTER. Functional fields are used for 
corrections of the text. Alphanumeric entry is 
terminated with O K and ENTER. (Refer to section 
2.2 for alphanumeric entry). 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 
 
 
 
 
 
 
 
 
 
 
 

LINEARIZATION:  L01
                       L01 

            INT              SOLL 

01:         0.0000           0.00000 

02:         1.0000           1.00000 

03:

REJECT P02 A SAFE

A B C D E F G H I J K L M N O
P Q R S T U V W X Y Z + - / *
0 1 2 3 4 5 6 7 8 9 . % ( )

OKDEL>>><<<

DEFINE NAME          : 
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5 Product configuration 
 
5.4.2 Linearization - define table 
 

This function is used to enter the linearization data for 
up to 11 data points into the selected linearization 
table. Straight lines will interpolate all values defined 
by the linearization table. Spacing between data 
points is flexible, enabling the user to optimize the 
linearization for his / her requirements.  
 
Use cursor keys   to select entry line, confirm 
with ENTER, enter IN value, confirm with ENTER, 
enter OUT value, confirm with ENTER. 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 

The overall course of the curve must be continuously rising or declining 
Horizontal or vertical segments or a zigzagging of the curve are not permitted, and will 
initiate the error message “INPUT CAUSES UNDEFINED RESULT”. 
 
Data points may be entered into the linearization table randomly, the software performs 
sorting automatically as needed. It is possible to increase accuracy in a certain segment  
of a linearization table later. To do so it is not necessary to enter all data points again,  
but to enter only additional data points. 

 
Data point entry 
Line 01 has data point IN / OUT  = 0,0 / 0,0 as default value. 
If this entry is okay, use cursor key   for to go to line 02.  
If this entry is wrong, enter new IN value and confirm with ENTER, enter new OUT value and confirm with 
ENTER. The converter accepts the data point and activates entry for the next data point. 
 
 Termination of entry. If the user does not want to enter all 11 data points, he may press twice 
 ENTER in an empty line to terminate entry.  
 
Use cursor keys    to select a certain line for correction of a data point. If the user wants to correct the 
OUT value, he must confirm the IN value with ENTER first. After confirmation of the new OUT value, the 
software checks all data points and initiates the error message “INPUT CAUSES UNDEFINED RESULT” if 
necessary. 
 
 

Delete data points: 
 - use cursor keys   to select line, 

- use CLEAR  to delete IN value, confirm with ENTER, 
- use CLEAR  to delete OUT value, confirm with ENTER,. 

 
The software deletes the data point, resorts the table, then calculates the new linearization curve. 

LINEARIZATION:  L01
DEFINE NAME          : L01 

            IN               OUT 

01:         0.0000           0.00000 

02:         1.0000           1.00000 

03:

REJECT P02 A SAVE

  0.0000   0.0000 
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5 Product configuration 
 
5.5 Define alarm 
 

This function is used to configure three separate 
alarm set points per product. 
 
 
Use cursor keys   to select DEFINE ALARM and 
confirm with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
Use cursor keys   to select alarm and confirm 
with ENTER. 
 
Here illustrated with G01 as an example 
 
 
 
 
Menu ALARM: G01 appears. 
 
 

 
 These alarm set points are allocated to    these relay outputs! 
   G01         REL 01 – terminals 10 / 11 
   G02         REL 02 – terminals 12 / 13 
   G03         REL 03 – terminals 14 / 15 
 

 Define how you want to use relays in SYSTEM SETUP : 
 Use of relays for alarming ? or use of relays for status feedback ? 
  

 Alarm set points are always displayed at the bar graph of the measurement display ! 
 LED’s at the front panel are used for alarm indication ! 
 

PRODUCT:   P01
DEFINE PRODUCT NAME 

DEFINE RESULT 

DEFINE LINEARIZATION 

DEFINE ALARM 

DEFINE DISPLAY 

25.09.1999 P02 A 11:43:15 PM 

DEFINE ALARM 
WHICH ALRM DO YOU

WANT TO DEFINE? 

G01

G02

G03

25.09.1999 P02 A 11:43:15 PM 
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5 Product configuration 
 
5.5.1 Alarm - select result 
 

This function is used to assign a result to an alarm. 
 
Use cursor keys   to select RESULT and activate 
with ENTER. 
 
Use cursor keys   to select result and confirm 
with ENTER. 
 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 

The user may cancel a former alarm with - - - - - and confirm with ENTER. The software 
automatically deletes all previous settings for this alarm. 
 

The system automatically displays the settings for range begin and range end as well as 
associated units for the selected result. These three values can not be changed in this menu. 

 
 
 
 
 
 
 

ALARM: G01
RESULT                   : 

RANGE BEGIN              : 

RANGE END                : 

UNITS                    : 

ALARM SETPOINT           : 

ALARM AFTER SEC.         :    7 

ALARM TYPE               : HIGH 

REJECT P02 A SAVE

-----
M01
M02
M03
M04
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5 Product configuration 
 
5.5.2 Alarm - adjust alarm set point 
 

This function is used to enter the alarm setpoint. 
 
Only values within the displayed range are permitted. 
 
Use cursor keys   to select ALARM SETPOINT 
and activate entry field with ENTER. 
 
Enter numeric value and confirm with ENTER . 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 

The system automatically displays the settings for range begin and range end as well as 
associated units for the selected result. The software checks the numeric value and initiates the 
error message “UNACCEPTABLE INPUT” if the entry is out of range. Use CLEAR for correction. 

 

 The system automatically opens this menu, if the range is redefined later in such a way that the 
 alarm set point gets out of range. 
 

ALARM: G01
RESULT                   :  M02 

RANGE BEGIN              :    0.0 

RANGE END                :    5.0 

UNITS                    :   CU 

ALARM SETPOINT           : 

ALARM AFTER SEC.         :    7 

ALARM TYPE               : HIGH 

REJECT P02 A SAVE

  1.2500 
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5 Product configuration 
 
5.5.3 Alarm – adjust alarm delay 
 

This function is used to enter the alarm delay. Values 
from 0 to 999 seconds are possible. 
Only the alarm output is delayed, the front panel LED 
indication responds immediately. 
 
Use cursor keys   to select ALARM AFTER SEC. 
and activate entry field with ENTER. 
 
Enter numeric value and confirm with ENTER . 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 
 The built-in hysteresis delays the fall off for HIGH ALARM until the result  

Falls below the set point by more than 2 % of range !  
 

 The built-in hysteresis delays the fall off for LOW ALARM until the result  
exceeds the set point by more than 2 % of range !  

 
 
 

ALARM: G01
RESULT                  :  M02 

RANGE BEGIN             :    0.0 

RANGE END               :    5.0 

UNITS                   :   CU 

ALARM SETPOINT          :    1.2500 

ALARM AFTER SEC.        :

ALARM TYPE               : HIGH 

REJECT P02 A SAVE

  10 
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5 Product configuration 
 
5.5.4 Alarm - select alarm type 
 

This function is used to select the type of alarm. HIGH 
alarm is activated, if the reading exceeds the setpoint. 
LOW alarm is activated, if the reading falls below the 
setpoint. 
 
Use cursor keys   to select ALARM TYPE and 
activate entry field with ENTER. 
 
Use cursor keys   to select type and confirm with 
ENTER. 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 

If alarms are defined , the measurement display shows arrow-heads on the bar graph. 
 
  = HIGH ALARM 
 is activated, if the reading exceeds the setpoint (left side ) ! 
 
 The built in hysteresis delays the fall off for HIGH ALARM until the result  

Falls below the set point by more than 2 % of range !  
 
 
  = LOW ALARM 
 is activated, if the reading falls below the setpoint (right side ) ! 
 

The built in hysteresis delays the fall off for LOW ALARM until the result  
exceeds the set point by more than 2 % of range !  

 
 
 

ALARM: G01
RESULT                   :  M02 

RANGE BEGIN              :    0.0 

RANGE END                :    5.0 

UNITS                    :   CU 

ALARM SETPOINT           :    1.2500 

ALARM AFTER SEC.         :   10 

ALARM TYPE               : 

REJECT P02 A SAVE

HIGH
LOW
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5 Product configuration 
 
5.6 Define display 
 

This function is used to configure the measurement 
display. Six different combinations of numeric displays 
with bar graphs or graphical trending displays are 
available. 
 
 
Use cursor keys   to select DEFINE DISPLAY 
and confirm with ENTER. 
 
 
 
 
 
 
Use cursor keys   to select display combination 
and confirm with ENTER. 
 
The system indicates the current setting with an arrow 
at the left side. 
 
 
 
Trend display on right side  
Trend display on lower right side 
Trend displays on lower left and right side 
 
 
 
Use cursor keys   to select results for the 
measurement display and confirm with ENTER. 
 
Dual displays have the numeric display on the left 
side and the trending on the right side.  
Quadruple displays have the numeric displays in the 
upper quadrants and the trending in the lower 
quadrants. 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to the previous menu. 
 
 
 The time resolution of the trend displays correlate with the data logger interval  

for storing data (refer to sections 4.2, 8.1, 8.2) ! 
 

 Any trend display is not possible, if the data logger has been deactivated  
in SYSTEM SETUP (interval “- - -“ selected) ! 

 

PRODUCT:   P01
DEFINE PRODUCT NAME 

DEFINE RESULT 

DEFINE LINEARIZATION 

DEFINE ALARM 

DEFINE DISPLAY 

25.09.1999 P02 A 11:43:15 PM 

DEFINE DISPLAY 
WHICH DISPLAY SETUP DO YOU 

WANT TO USE? 

1 X 888.8 <--
2 X 888.8 

4 x 888.8 

1 x 888.8   1 x

3 x 888.8   1 x

2 x 888.8   2 x

25.09.1999 P02 A 11:43:15 PM 

DISPLAY QUAD RESULT 
WHICH RESULT DO YOU WANT 

TO DISPLAY WHERE? 

UPPER LEFT         : 

UPPER RIGHT        : 

LOWER LEFT         : 

LOWER RIGHT        : 

REJECT P02 A SAVE

M01
M02
M03
M04
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6 Product change 
 
6.1 Manual product change  

 
The function PRODUCT CHANGE is used to change 
the product that is currently used for measurement 
and / or display.  
The system displays in the center of the status line 
the current product.  
The user can select in menu SYSTEM SETUP \ 
PROUCT CHANGE whether or not manual and / or 
remote access to product change is enabled. 
 
Use cursor keys   in MAIN MENU to select 
PRODUCT CHANGE and confirm with ENTER. 
 
 
Current product. 
 
 
 
 
Use cursor keys   to select product and confirm 
with ENTER. 
 
 
 
 
 
 
 
 
A sub menu appears, asking for confirmation for the 
product change. 
 
 
 
 
 
 
 
 
 
 
 
Save entry (or reject). 
 

After saving the entry the system returns to MAIN MENU. 
 
 
 The system is not operating for 3 seconds, while product change is executed ! 

All outputs are frozen with previous results during that period of time! 
 

 The system generates the message “PRODUCT CHANGE REMOTE ONLY“,  
if manual product change is disabled ! 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

PRODUCT CHANGE 
WHICH PRODUCT DO YOU 

WANT TO MEASURE? 

P01

P02

P03

P04

P05

P06

25.09.1999 P01 11:43:15 PM 

PRODUCT CHANGE 
WHICH PRODUCT DO YOU 

WANT TO MEASURE? 

PRODUCT  :     P02 

WILL BE ACTIVATED 

REJECT P01 SAVE
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6 Product change 
 
6.2 Remote product change 
 
A product change may be initiated remotely, refer to sections 4.5, 4.8, 11.1, 11.2. All versions of the 
converter CONTROL 4000, but configurations C4x0x, have remote access capabilities. Signal inputs (24 V 
DC) connected to the Remote-IN terminals enable the user to execute externally different functions in the 
converter CONTROL 4000.  
  
 The user can select in menu SYSTEM SETUP \ PROUCT CHANGE  

whether or not manual and / or remote access to product change is enabled ! 
 

The user can select in menu SYSTEM SETUP \ REMOTE IN function Remote IN 1 
or Remote IN 2. Both functions execute product changes the same way, 
but they execute zeroing and HOLD functions differently ! 

 
Remote input functions: 

R1 + R2 + R3 = refer to table below  = product selection P01 through P08 
R4 + R5 = low    = no function 
R6  = low    = no zeroing 
R7  = low    = system is not frozen 
R8  = HIGH    = execute functions as defined by R1 through R7 
RR  = Return line   = loop return 
 

Signals should be established for at least one second to initiate an intended function. The system requires 
confirmation (R8 = HIGH = VALID) prior to execution of a remote function. The system is not operating for 
3 seconds, while product change is executed, as the system has to load up the parameter set for the new 
product definition. All outputs are frozen with previous results during that period of time. 
 

Terminal R1 R2 R3 R4 R5 R6 R7 R8 
Product change to product 1 low low low low low low low HIGH
Product change to product 2 low low HIGH low low low low HIGH
Product change to product 3 low HIGH low low low low low HIGH
Product change to product 4 low HIGH HIGH low low low low HIGH
Product change to product 5 HIGH low low low low low low HIGH
Product change to product 6 HIGH low HIGH low low low low HIGH
Product change to product 7 HIGH HIGH low low low low low HIGH
Product change to product 8 HIGH HIGH HIGH low low low low HIGH

 
 
 
 The system is not operating for 3 seconds, while product change is executed ! 

All outputs are frozen with previous results during that period of time! 
 

 The system requires confirmation (R8 = HIGH = VALID) prior to  
execution of a remote function! 

 

 Product change is possible, while HOLD is activated ! 
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6 Product change 
 
6.3 Product change feedback signals 
 
A product change may be initiated manually and / or remotely, refer to sections 4.5, 4.8, 6.1, 6.2, 11.1, 
11.2. The converter CONTROL 4000 offers various capabilities, for feedback of the current product to an 
external system, for more details refer to sections 4.7, 5.3.2, 11.3, 11.4 und 11.5 . 
 
Feedback via mA output (new with software version A1) 
If the user selected PROD_FEEDBACK as measurement function in PRODUCT CONFIGURATION \ 
DEFINE RESULTS (section 5.3.2), the system “measures” the current product in “range” 0 to 16. Data 
logger and mA output have corresponding readings.  
 

Current product Result PROD. Data logger 0-20 mA 4-20 mA 
Product 1 6.25 % 0.0625  1.25 5.00 
Product 2 12.50 % 0.1250  2.50 6.00 
Product 3 18.75 % 0.1875  3.75 7.00 
Product 4 25.00 % 0.2500  5.00 8.00 
Product 5 31.25 % 0.3125  6.25 9.00 
Product 6 37.50 % 0.3750  7.50 10.00 
Product 7 43.75 % 0.4375  8.75 11.00 
Product 8 50.00 % 0.5000 10.00 12.00 

 
Feedback via relay output 
In system setup for relay outputs (section 4.7), the user may configure the relays for alarms or feedback. 
Three feedback functions are available, for more details refer to section 11. 
 
 Remote OUT 1 (with contacts configured NORMALLY OPEN): 
  Relay 1: closed  " Product P01 " 
    open  " Product P02 through P08 " 
  Relay 2:      no function  
  Relay 3: closed  “ measurement mode okay " 
    open  " currently no measurement possible " 
 
 
 Remote OUT 2 (with contacts configured NORMALLY OPEN): 
 

Product P01 P02 P03 P04 - P08 
Relay 1 closed open closed open 
Relay 2 open closed closed open 

 
  Relay 3: closed  “ measurement mode okay " 
    open  " currently no measurement possible " 
 
 

Remote OUT 3 (with contacts configured NORMALLY OPEN): 
 

Product P01 P02 P03 P04 P05 P06 P07 P08 
Relay 1 closed open closed open closed open closed open 
Relay 2 open closed closed open open closed closed open 
Relay 3 open open open closed closed closed closed open 
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7 Result display 
 
7.1 Display mode 
 

The function MEASUREMENT DISPLAY is used to 
display actual results.  
 
If the user powers down the converter while MAIN 
MENU is active, the system returns to MAIN MENU 
after restoring power. The software automatically 
restarts measurement mode with the current product. 
 
 
Use cursor keys   in MAIN MENU to select 
MEASUREMENT DISPLAY and confirm with ENTER. 
 
 
 
 
The measurement display appears in the selected 
format as defined in section 5.6 define display. 
 
If the user powers down the converter while 
MEASUREMENT DISPLAY is active, the system 
returns to MEASUREMENT DISPLAY after restoring 
power. The software automatically restarts 
measurement mode with the current product. 
 
 
 
 
 

 
 

 Press key CLEAR 
 
 
 
 
 
  MAIN MENU 
 
 
 
 
 If the user presses key CLEAR in any menu continuously, 

the system returns to MEASUREMENT DISPLAY ! 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

M01

1.37 CU 

0.00                                5.00 

25.09.1999 P01 11:43:15 PM 
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8 Data logger 
 
8.1 Data logger operating concept 
 
The system is typically operating in measurement mode and updating the four results in the current 
product. The system operates in measurement mode automatically while MAIN MENU, LANGUAGE / 
SPRACHE or any of the three DISPLAY’s is active. The system interrupts measurement mode for 3 
seconds during product change. The system stops measurement mode, if one of the menu’s PRODUCT 
CONFIGURATION, SYSTEM SETUP or MAINTENANCE is active. The system restarts measurement 
mode after return to MAIN MENU. 
 
 The data logger stores as entry ’’NO DATA’’ while measurement mode is interrupted,  
 the latest mA reading is maintained as signal for each mA output during that period ! 
 The data logger stores ’’HOLD’’ rather than measurement results  

while any of the HOLD functions is active.  
 The data logger stores ’’FAILSAFE” if the FAILSAFE function is active ! 
 
This way the system maintains data consistency between measurement display and data logger in the 
converter and mA outputs and external data logging. Each time the data logger stores all four 
measurement results. The system derives information from PRODUCT CONFIGURATION and stores them 
in headers for memory sectors. The system automatically generates a new sector and header with each 
product change or change in the configuration for the current product.  
The ring memory (FIFO) may store at least 25.000 (typically 30.000) data points with all four results. As the 
memory gets full, the system overwrites the oldest data sector. 
 

Time period corresponding to 28.800 data points  
Interval Hours Days Weeks 
01 SEC 8 0.3 -- 
05 SEC 40 1.6 -- 
10 SEC 80 3.3 -- 
30 SEC 240 10 1.4 
01 MIN 480 20 2.8 
05 MIN 2.400 100 14.3 
10 MIN 4.800 200 28.6 
30 MIN 14.400 600 85.7 
60 MIN 28.800 1200 171.4 

 
 
 If the user confirms DATA LOGGER RESET in SYSTEM SETUP,  

the system erases all data stored ! 
 

 The system does not store any data for 1 to 2 seconds while erasing data ! 
 

 Trending in MEASUREMENT DSIPLAY has the same time interval as 
data storing in the data logger ! 

 

 The system restarts trending in the MEASUREMENT DISPLAY  
with any header change in the data logger ! 

 
 INTERVAL “- - - “ disables the data logger and trend displays,  

erases all former data points ! 
 
 
Refer to next section for more details on display and zoom functions or scrolling in DATA LOGGER 
DISPLAY. 
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8 Data logger 
 
8.2 Data logger display 
 

The function DATA LOGGER DISPLAY is used to 
display results stored in the ring memory of the 
data logger.  
 
Use cursor keys   in MAIN MENU to select 
DATA LOGGER DISPLAY and confirm with 
ENTER. 
Access to DATA LOGGER DISPLAY is hindered, if 
the interval “- - -“ has been selected in SYSTEM 
SETUP \ DATA LOGGER: 
 
 
 
 
Menu DATA LOGGER DISPLAY appears. 
 
Use cursor keys   in DATA LOGGER 
DISPLAY to select result and confirm with ENTER. 
 
The user may display all four results online and in 
parallel with interval 1 second on the PC after 
selection of M01-M04 TO PC. For more details, 
refer to PC-Transfer. If the data logger has been 
deactivated, TREND ONLINE is only accessible via 
PC-TRANSFER. 
 
 
Upper status line displays the product and result 
name of the current display. 
 
Mark indicating the beginning of measurement or 
product change. 
 
 
Storing interval for the currently displayed result.  
 
 
Current display resolution: 

7200 X, 720 X, 60 X, magnifier with result  
 
 
 

 
START   : indicating date / time for the result on the left side 
END    : indicating date / time for the result on the right side 
RANGE  : indicating range begin, range end and units 
<<< / >>>  : use cursor keys    to scroll which shifts the trend half screen 

 /    : use cursor keys    to activate / deactivate zoom function 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

DATA LOGGER DISPLAY 
WHICH RESULT DO YOU 

WANT TO SEE? 

M01

M02

M03

M04

M01-M04 TO PC 

25.09.1999 P01 11:43:15 PM 

P03 - M01 

START:     TT.MM.JJJJ    23:59:59 10 SEC 
END  :     TT.MM.JJJJ    23:59:59 7200 X 
RANGE:   0.00 - 5.00 CU 

P01
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The system automatically displays the trend line for 7200 x the selected interval if DATA LOGGER 
DISPLAY is activated. The current result is close to the right side in this case. If the system has stored 
less than 7200 data points in the memory sector, the trend starts from left side. Shortly after restart of the 
data logger it is possible to have data points with  future time on the right side. 
 

Use cursor keys    to scroll which shifts the trend half screen with current resolution. For example the 
display with resolution 7200 is shifted 3600 intervals, corresponding to a time shift of one hour with interval 
01SEC. 
 

Limits of memory sectors are static, any sector stores data for one result only. The system narrows the 
trend display on both sides with marks indicating the sector limits, if a result or product was only active for a 
short time, scrolling is not possible in this case.  
 

If a product change appears in DATA LOGGER DISPLAY, the system automatically updates the upper 
status line and the range in the bottom line.  
 

Use cursor keys    to vary resolution with zoom factors between 60 X, 720 X and 7200 X. With 
increasing resolution (720 X  60 X) the system displays the magnified region always with respect to the 
middle of the current display. Multiple scrolling may be necessary to reach the data points of interest. 
 
 

 
Use cursor key  to activate the magnifier function 
in DATA LOGGER DISPLAY if current resolution is 
60 X and use  to deactivate.  
 
Magnifier function displays: 
 Exact numeric result 
 Units 
 Date 
 Time 
 
 
 
 

Display of results 
The DATA LOGGER DISPLAY itself has x-axis resolution of 240 pixels representing 60 to 7200 data points 
and has y-axis resolution of 53 pixels representing –3% to +103 % of range. 
 

The data logger displays results > 103.1% of range as + +  !  
 

 The data logger displays results < - 1.25% of range as  ! 
 

 If HOLD function is activated, the data logger displays ’’HOLD’’ ! 
 

 If FAILSAFE function is activated, the data logger displays ’’FAILSAFE’’ ! 
 

The data logger displays ’’NO DATA’’ while measurement mode is interrupted due to 
changes in PRODUCT CONFIGURATION, PRODUCT CHANGE , MAINTENANCE, time etc. ! 
 

 The data logger displays ’’NO DATA’’ with future data points ! 
 

 For more details on data logger download refer to section 9.8.8 PC-Transfer ! 
 

 For more details on trending all four results refer to section 9.8.8 PC-Transfer !  
 

With INTERVAL “- - -“ the user may disable the data logger, and the system erases 
all former data. This option has been added to address FDA CFR 21 Part 11. 

 If the data logger is disabled and its menu in SYSTEM SETUP is protected individually with 
 password level 3, external data consistency does not become questionable, as no data recording is 
 done in the C4000. 

 

P03 - M01

START      :17.06.2000   18:23:30 01 SEC 
END        :17.06.2000   18:24:30   60 X 
RANGE      :  0.00 - 5.00 CU 

<<< P01 >>> 

3.50 CU  
17.06.2000

18:24:10

 

 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1895 of 2133



C4000 SOFTWARE A2 

Page 70 optek Danulat GmbH  D-45356 Essen  Germany Converter C4000 SW-A2 Ver A1.doc 
 

 

9 Maintenance 
 
9.1 HOLD manual 
 

This function is used to activate or deactivate the 
HOLD function as defined in SYSTEM SETUP. This 
may become necessary during maintenance, if it is 
desireable to maintain a fixed signal and not to 
transfer eratic results to an external system (PLC).  
Only the alarm output is delayed, the front panel LED 
indication responds immediately. 
 
Use cursor keys   to select MAINTENANCE in 
MAIN MENU and confirm with ENTER. 
 
 
 
 
Menu MAINTENANCE appears.  
 
Use cursor keys   to select HOLD MANUAL and 
confirm with ENTER. 
 
 
 
 
 
 
 
Menu HOLD MANUAL appears. The system displays 
all settings defined in SYSTEM SETUP \ HOLD 
(section 4.9).  
If the user selected function HOLD 1, the converter 
freezes both displays and outputs.  
If the user selected function HOLD 2, the converter 
freezes outputs only.  
 
 
 
If the converter is already in HOLD, the system 
displays the message “DEACTIVATE HOLD” rather 
than “ACTIVATE HOLD”  
 
 
Press ENTER to activate or deactivate HOLD. 
 

After saving the entry the system returns to MAINTENANCE. 
 
 
 
 Delete HOLD message with CLEAR first, afterwards deactivate HOLD with ENTER ! 

 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

MAINTENANCE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM

HOLD MANUAL 
HOLD FREEZES 

DISPLAYS                : NO 

OUTPUTS                 : YES 

HOLD MESSAGE ON 

MEASUREMENT DISPLAY ?   : YES 

ACTIVATE HOLD WITH 

ENTER

25.09.1999 P01 11:43:15 PM
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9 Maintenance 
 
9.2 System zero setting  
 
9.2.1 Zero manual 
 
During initial system start-up, preventive maintenance, or after lamp replacement, the system's zero should 
always be reset. The basic procedure is the same for all sensors (probe or sensor with armature). Prior to 
zero adjustment, the following points must be checked: 
 
 a) the windows of the armature or probe must be clean. 
 
 b) the line or vessel must be filled with clean, particle-free water. 
 
 c) no gas bubbles are present in the liquid. 
 
 d) no gas bubbles are present on the windows. 
 
 e) there is no direct light entering the sensor (in case there is, cover the armature or probe). 
 
 f) wait at least 15 min. for the system to warm up. 
 

 
Once the above conditions are met, the system's zero 
can be adjusted precisely. The specific procedures are 
described in the instructions manuals for the various 
converters. 
 
 
Use cursor keys   to select MAINTENANCE from 
MAIN MENU and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
 
 
 
Use cursor keys   to select SYSTEM ZERO 
SETTING from menu MAINTENANCE and confirm 
with ENTER. 
 
 
 
 
 

 
The system displays a table with all four results and their current readings. 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

MAINTENANCE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM 
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The system displays the results of the current 
product. If any of the results (here M02) uses a faulty 
input, the system displays SIGNAL LOSS rather than 
the reading, the input can not be zeroed.  
 
 
 
 
If it is desirable to adjust zero points for all results 
with their current settings, confirm selection with 
ENTER . 
 
 
 
 
If it is desirable to adjust zero points for different 
results, use cursor keys   to select the result and 
confirm with ENTER . 
 
The user may now define whether or not the 
highlighted result should be zeroed next time.  
 
 
 
 
 
 
 
 
 
 
Use cursor keys   to go to entry field and 
confirm selection of results for zeroing with ENTER . 
 
 
The system displays the error message ’’CHECK 
INPUT ASSIGNMENT“ , if inputs are used in multiple 
results, some of which are zeroed and others not. 
For details on the input assignment, refer to RESULT 
MONITOR in section 9.8.4. 
 
 

 
The system displays the selection of results for the current zeroing. 
 
 
 The selection of results for zero point adjustment is not memorized like a system setting !  

Repeat selection if necessary ! 
 

 It is possible to adjust zero points for multiple sensors separate from each other ! 

SYSTEM ZERO SETTING 
WHICH RESULTS DO YOU WANT 

TO ZERO? 

M01          :    0.15 CU        :YES 

M02          : SIGNAL LOSS       :YES 

M03          :    0.08 CU        :NO 

M04          :    0.02 CU        :NO 

 BESTÄTIGEN MIT TASTE 

ENTER

25.09.1999 P01 11:43:15 PM 

SYSTEM ZERO SETTING 
WHICH RESULTS DO YOU WANT 

TO ZERO? 

M01          :    0.15 CU        :YES 

M02          : SIGNAL LOSS       :YES 

M03          :    0.08 CU        :YES 

M04          :    0.02 CU        :NO 

M01          :    0.15 CU        :YES 

ENTER

25.09.1999 P01 11:43:15 PM 

CONFIRM SELECTION WITH 

SYSTEM ZERO SETTING 
WHICH RESULTS DO YOU WANT 

TO ZERO? 

M01          :    0.15 CU        :YES 

M02          : SIGNAL LOSS       :YES 

M03          :    0.08 CU        :NO 

M04          :    0.02 CU        :NO 

CONFIRM SELECTION WITTH 

ENTER

25.09.1999 P01 11:43:15 PM 

M03          : YES
NO

CONFIRM SELECTION WITH 
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The system displays the results of the current 
product.  
 
 
 
 
The system initiates zero point adjustment, if key 
ENTER is pressed. 
 
 
 
 
If it is desirable to adjust zero point for different 
results, use cursor keys   to select the result and 
confirm with ENTER . 
 
The system reads in the current values and displays 
the resulting zero values. Zero values have format 
and units as defined for the selected product. The 
numerical value is 0.00, if no zero shift (offset) is 
implemented in a linearization table that is used in the 
result calculation.  
 
Press key CLEAR twice to return to MAIN MENU. 
 
 
 
 

 
 The system adjusts zero point for a measurement function in all products the same time ! 
 

Zero point adjustment is done for all optek inputs used in that specific result ! 
 

 The system generates the error message “CHECK INPUT ASSIGNMENT”,  
if any inconsistency is detected with respect to zeroing the current product ! 

 

The system displays in RESULT MONITOR (refer to section 9.8.4) the  
input assignment for all products !   

 

The system does not adjust zero point for any result, in which the result calculation  
uses deactivated inputs or inputs with signal loss ! 
 

Check zero at the end of any maintenance operation ! 
 
 

SYSTEM ZERO SETTING 
WHICH RESULTS DO YOU WANT 

TO ZERO? 

M01          :    0.15 CU        :YES 

M02          : SIGNAL LOSS       :YES 

M03          :    0.08 CU        :NO 

M04          :    0.02 CU        :YES 

TO TEACH IN NEW ZERO PRESS 

ENTER

25.09.1999 P01 11:43:15 PM 

SYSTEM ZERO SETTING 
WHICH RESULTS DO YOU WANT 

TO ZERO? 

M01          :    0.15 CU        :YES 

M02          : SIGNAL LOSS       :YES 

M03          :    0.08 CU        :NO 

M04          :    0.02 CU        :YES 

TO TEACH IN NEW ZERO PRESS 

ENTER

25.09.1999 P01 11:43:15 PM 
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9 Maintenance 
 
9.2 System zero setting  
 
9.2.2 Zero remote 
 
System zero setting may be initiated remotely, refer to sections 4.4, 4.8, 6.1, 6.2, 11.1, 11.2. The converter 
CONTROL 4000 offers various remote capabilities for communication with an external system, if equipped 
with the optional REMOTE-IN card.  
The user defines in SYSTEM SETUP \ SYSTEM ZERO, whether or not manual or remote zero point 
adjustment is enabled or disabled. 
The user selects function REMOTE IN 1 or REMOTE IN 2 in SYSTEM SETUP \ REMOTE IN. Both 
functions are identical with respect to product changes, but handle zeroing and HOLD differently.  
 
REMOTE IN 1 
REMOTE IN 1 uses inputs R1 to R7 with equal ranking. Product change and zeroing may be initiated 
simultaneously. Zero point setting is executed globally, i.e. all results for all products are zeroed the same 
time. 
 
Function Terminal R1 R2 R3 R4 R5 R6 R7 R8 
Initiates global zero setting (M01-M04)  actual product   HIGH LOW HIGH

 
 The user may initiate remote product change with R1-R3 simultaneously with zeroing ! 

 

The user may initiate HOLD with R7 simultaneously with zeroing ! 
 
 
REMOTE IN 2 
REMOTE IN 2 uses inputs R1 to R4 with respect to R6. With R6 = LOW all other inputs are used as 
defined for REMOTE IN 1. With R6 = HIGH inputs R1 to R4 are used to select results M01 to M04 for 
individual zeroing. 
 
Function Terminal R1 R2 R3 R4 R5 R6 R7 R8 
Initiates selective zeroing of M01 HIGH LOW LOW LOW  HIGH LOW HIGH
Initiates selective zeroing of M02 LOW HIGH LOW LOW  HIGH LOW HIGH
Initiates selective zeroing of M03 LOW LOW HIGH LOW  HIGH LOW HIGH
Initiates selective zeroing of M04 LOW LOW LOW HIGH  HIGH LOW HIGH
Initiates selective zeroing of M01 through M03 HIGH HIGH HIGH LOW  HIGH LOW HIGH

 
 
 R1 - R4 correspond to M01 - M04, and any combination is permitted for zeroing ! 
 

 Selective zeroing is used with all products ! 
  

If R6 = R7 = HIGH, the system activates HOLD first, it calculates results with the 
current zero point adjustments, as soon as HOLD is deactivated ! 

 

 It is possible that PRODUCT CHANGE REMOTE is disabled ! 
 

 The system requires confirmation with R8 = HIGH = VALID 
prior to execution of remote functions ! 

 

 System zero point adjustment is possible while HOLD is active ! 
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9 Maintenance 
 
9.3 System diagnostics 
 

This function is used to initiate a self test of the 
system. The system diagnostics takes approximately 
1 or 2 minutes, depending on the number of inputs. 
 
Use cursor keys   to select SYSTEM 
DIAGNOSTICS in MAINTENANCE and confirm with 
ENTER. 
 
 
 
 
 
 
 
 
Menu SYSTEM DIAGNOSTICS appears.  
 
Use ENTER to start self test. 
 
 
 
 
 
 
 
 
 
 
The system displays progress in tests, a positive test 
result is visualized with . 
The system checks the current hardware 
configuration and compares it to the one found during 
power up of the converter. Consistency is visualized 
with . 
The system checks communication between the 
different micro controllers in the converter.  
The system checks memories with calibration data 
and system parameters. 
The system checks optek inputs A through D, if 
installed, with a photo current simulator, used for 
testing leakage currents and calibration.  
 

Press CLEAR to return to menu MAINTENACE.  
 
 
A successful self test signifies that the system operates faultless. Otherwise an error message with a 
specific fault number is generated. Refer to section 12 fault indications for details and procedures or 
contact optek directly and provide the fault number.  
 
 

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM 

SYSTEM DIAGNOSTICS 
THE SYSTEM PERFORMS AN AUTOMATIC 

SELF TEST 

SELF TEST STARTS WITH 

ENTER

25.09.1999 P01 11:43:15 PM 

SYSTEM DIAGNOSTICS 
THE SYSTEM PERFORMS AN AUTOMATIC 

SELF TEST 

CONFIGURATION

MC02 I2C BUS

SLAVES EEPROMs

SENSOR INPUTS            A  C

STOP WITH CLEAR 

25.09.1999 P01 11:43:15 PM 
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9 Maintenance 
 
9.4 Sensor adaptation 
 

This function is used to apply a correction factor to 
any result. This function may be used if two sensors 
with different optical path lengths (window spacing) or 
different filters should have the same result, without 
using linearization tables. 
 
 
 
Use cursor keys   to select SENSOR 
ADAPTATION in MAINTENANCE and confirm with 
ENTER. 
 
 
 
 
Menu SENSOR ADAPTATION appears. 
 
Use cursor keys   to select measurement 
function of interest and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
The correction factor is applied directly to the selected 
measurement function. Consequently, all results in all 
products which use this measurement function are 
multiplied by this factor.  
 
Activate numeric entry field and enter factor between 
0.600 and 1.400. Confirm with ENTER and save. 
 
It is possible to enter factors for multiple functions in 
sequence. Transfer of all factors for calculations and 
storage may be done at the end with SAVE.  
 
Press ENTER to save entries.. 
 

After saving the entry the system returns to MAINTENANCE. 
 
 
 Measurement functions like ABS-CU (A-C) or %TRANSM (A/C) are assembled from base functions 

ABS-CU (A) and ABS-CU (B) or %TRANSM (A) and %TRANSM (C). Consequently these functions 
 can be adjusted by three (3) factors !  

 

Function ABS-CU (A-C)-(B-D) can be adjusted by seven (7) factors ! 
 

Functions like PPM (A/C)-(B/D) are assembled from base functions TURB PPM (A/C) and TURB 
 PPM (B/D). Consequently these functions can be adjusted by three (3) factors !  

 

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM 

SENSOR ADAPTATION 
APPLY FACTOR FOR ADAPTATION 

OF FACTORY CALIBRATION 

FUNCTION           : FUNCTION
:

FACTOR (0.6 - 1.4) : FACTOR (0.6 - 1.4) 
:

FACTORY SETTINGDONE WITH 

FACTOR = 1.000 

REJECT P01 SAVE

SENSOR ADAPTATION 
APPLY FACTOR FOR ADAPTATION 

OF FACTORY CALIBRATION 

FUNCTION           : ABS -CU   (A) 

FACTOR (0.6 - 1.4) : 1.000

FACTORY SETTING DONE WITH 

FACTOR = 1.000 

REJECT P01 SAVE

ABS -CU   (A) 

ABS -CU   (B) 
ABS -CU   (C) 
ABS -CU   (D) 
ABS -CU   (A-C) 
ABS -CU   (B-D) 
A-CU(A-C)-(B-D)
% TRANSM  (A) 
% TRANSM  (B) 
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9 Maintenance 
 
9.5 Calibration scattered light 
 

This function is used to enter calibration factors for 
two scattered light sensors model TF16.  
 
 
Use cursor keys   to select CALIBRATION 
SCATTERED LIGHT in MAINTENANCE and confirm 
with ENTER. 
 
 
 
 
 
Menu CALIBRATION SCATTERED LIGHT appears. 
 
Use cursor keys   to select sensor of interest and 
activate entry field with ENTER. 
 
Sensor 1 is assigned to optek inputs A and C. 
 
Use number keys on the front panel for entry of the 
complete 6 digit factor and confirm with ENTER . 
 
The system calculates the calibrations used with 
measurement functions: 
 TURB PPM  (A/C) 
 TURB FTU  (A/C) 
 TURB EBC  (A/C) 
 
Sensor 2 is assigned to optek inputs B and D. 
 
Use number keys on the front panel for entry of the 
complete 6 digit factor and confirm with ENTER . 
 
The system calculates the calibrations used with 
measurement functions: 
 TURB PPM  (B/D) 
 TURB FTU  (B/D) 
 TURB EBC  (B/D) 
 
 
Press ENTER to save entries.. 
 

After saving the entry the system returns to MAINTENANCE. 
 
 

If a new scattered light sensor TF16 is installed, the user can use the PC-Transfer program 
to enter the calibration data into the converter CONTROL 4000 ! 

   
 

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM 

CALIBRATION SCATTERED LIGHT 
ENTER FACTOR FOR THE 

TF16 SENSOR 

SENSOR 1 (A/C)    : 

SENSOR 2 (B/D)    : 

REJECT P01 SAVE

CALIBRATION SCATTERED LIGHT 
ENTER FACTOR FOR THE 

TF16 SENSOR 

SENSOR 1 (A/C)    : 

SENSOR 2 (B/D)    : 

REJECT P01 SAVE

 1.16780

 0.00000

 1.16780

 0.87695
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9 Maintenance 
 
9.6 Calibration of mA inputs 
 

This function is used to recalibrate the mA inputs.  
 
 
Use cursor keys   to select CALIBRATION MA 
INPUTS in MAINTENANCE and confirm with ENTER. 
 
 
 
 
 
Menu CALIBRATION MA INPUTS appears. 
 
 
 
Use cursor keys   to select mA input of interest 
and confirm with ENTER. 
 
Use cursor keys   to select new calibration or 
return to factory settings and confirm with ENTER. 
 
The system performs calibration of mA inputs at 4.00 
mA (corresponding to 0% of range) and at 16.80 mA 
(corresponding to 80% of range). 
 
 
 
Press ENTER to save entries. 
 

Press CLEAR twice to return to MAINTENANCE. 
 
Calibration procedure 
 1) Select CALIBRATION NEW, the system highlights  0%  . 
 2) Connect current source, the system displays the ACTUAL reading. 
 3) Adjust current source for 4.00 mA, confirm setting after 5 seconds with ENTER . 
 4) ACTUAL 0% is frozen, the system highlights  80%  . 
 5) Adjust current source for 16.80 mA, confirm setting after 5 seconds with ENTER. 
 6) ACTUAL 80% is frozen. 
 7) The system calculates NEW CALIBRATION DATA. 

8) Use cursor keys   to check calibration points. 
9) Confirm calibration and data storage with ENTER in field SAVE. 

 
 

The system assumes a hardware fault and denies acceptance if deviations of more than 
1 mA with respect to zero point or of more than 15% in slope result from recalibration !  

  

 Select CALIBRATION : FACTORY SETTINGS and confirm with ENTER  
to return to the original calibration !  

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM 

CALIBRATION OF MA INPUTS 
MA INPUT           : IN 1 

CALIBRATION        :  FACTORY SETTINGS 

               SETPOINT      ACTUAL 

 0 %     :      4.00        0.032 

80 %     :     16,80        0.032 

REJECT P01 SAVE
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9 Maintenance 
 
9.7 Calibration of mA outputs 
 

This function is used to recalibrate the mA outputs.  
 
 
Use cursor keys   to select CALIBRATION MA 
OUTPUTS in MAINTENANCE and confirm with 
ENTER. 
 
 
 
 
 
Menu CALIBRATION MA OUTPUTS appears. 
 
Use cursor keys   to select mA output of interest 
and confirm with ENTER. 
The system displays the output range. 
 
Use cursor keys   to select new calibration or 
return to factory settings and confirm with ENTER. 
 
The system performs calibration of mA outputs at 0% 
of range and at 80% of range. Calibration points 0.00 
and 16.00 mA or 4.00 and 16.80 mA correspond to 
the settings in SYSTEM SETUP.  
 
 
Press ENTER to save entries. 
 

Press CLEAR twice for return to MAINTENANCE. 
 
Calibration procedure 
 1) Select CALIBRATION NEW, the system highlights  0%  . 
 2) Connect DMM (digital multi meter). 
 3) Enter result from DMM, confirm with ENTER . 
 4) ACTUAL 0% is frozen, the system highlights  80%  . 
 5) Enter result from DMM, confirm with ENTER 
 6) ACTUAL 80% is frozen. 
 7) The system calculates NEW CALIBRATION DATA. 

8) Use cursor keys   to check calibration points. 
9) Confirm calibration and data storage with ENTER in field SAVE. 

 
 

The system assumes a hardware fault and denies acceptance, if deviations of more than 
1 mA with respect to zero point or of more than 15% in slope result from recalibration !  

  

 Select CALIBRATION : FACTORY SETTINGS and confirm with ENTER , 
to return to the original calibration !  

 

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM 

CALIBRATION OF MA OUTPUTS 
MA OUTPUT          :  OUT 1 

RANGE              :  4 - 20 MA 

CALIBRATION        :  FACTORY SETTINGS 

               SETPOINT      ACTUAL 

 0 %     :      4.00 

80 %     :     16,80 

REJECT P01 SAVE
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9 Maintenance 
 
9.8 Service 
 

The menu SERVICE offers a number of monitors, 
which display internal system parameters and settings 
mainly to support trouble shooting. Modifications of 
system parameters are not possible. 
 
 
Use cursor keys   to select SERVICE in 
MAINTENANCE and confirm with ENTER. 
 
 
 
 
 
 
Menu SERVICE appears. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 The LAMP MONITOR allows to switch off lamp outputs individually ! 
 

The DETECTOR MONITOR is used to check maximum range, if system over-ranges !  
 

 The RESULT MONITOR is used to check measurement functions, linearization tables  
and detector inputs in use ! 

 

 The SUBASSEMBLY MONITOR displays the current configuration, and is used for  
confirmation of any change in the configuration ! 

 

MAINTENANCE
HOLD MANUAL 

SYSTEM ZERO SETTING 

SYSTEM DIAGNOSTICS 

SENSOR ADAPTATION 

CALIBRATION SCATTERED LIGHT 

CALIBRATION MA INPUTS 

CALIBRATION MA OUTPUTS 

SERVICE

25.09.1999 P01 11:43:15 PM 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

25.09.1999 P01 11:43:15 PM 
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9 Maintenance 
 
9.8.1 Password entry 
 

This function allows entry of a password at any time. 
 
Use cursor keys   to select ENTER PASSWORD 
in SERVICE and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
 
Menu INPUT PASSWORD appears. 
 
Password entry is a numeric entry of maximum 8 
characters according to the definition in SYSTEM 
SETUP. 
Terminate and confirm entry with ENTER, the system 
returns to menu SERVICE. 
 
If the user wants to terminate access to protected 
menu’s immediately, he needs only to press ENTER , 
the system returns to menu SERVICE. 
 
 
 

 
 
 The system displays the password unreadable as      ! 
 
 
 
 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

25.09.1999 P01 11:43:15 PM 

INPUT PASSWORD 
PLEASE USE YOUR 

PASSWORD

CONFIRM WITH 

ENTER

ENTER ONLY 

DISABLES THE PASSWORD 

25.09.1999 P01 11:43:15 PM 

1 2 3 4 5 6 7 8 
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9 Maintenance 
 
9.8.2 Lamp monitor 
 

This monitor displays the lamp voltage setting and the 
lamp current as measured.  
 
Use cursor keys   to select LAMP MONITOR in 
SERVICE and confirm with ENTER. 
 
 
 
 
 
 
 
 
 
Menu LAMP MONITOR appears. 
 
Use cursor keys   to select LAMP OUTPUT and 
confirm with ENTER. The system displays data of that 
lamp output. 
 
Use cursor keys   to select SWITCH LAMP and 
select ON / OFF, confirm with ENTER.  
If  lamp is switched off, the system sets lamp voltage 
to 0.00 VDC, the measured current drops below 0.05 
ADC. 
 
 

 
Press key CLEAR for return to menu SERVICE. 
 
 
 Switch on lamp outputs again after maintenance !  
 

In case of lamp failure in sensors AF16, AS16, AS56, AF26, TF16,  
lamp current drops below 0.05 ADC ! 

 

In case of lamp failure in sensors AF45, AF46, lamp current drops below 0.,15 to 0.25 ADC,  
if the voltage converter in the sensor works perfectly !  

 

 Typically the lamp current should be about 0.75 ADC with sensors AF16, AS16, AF26, TF16 ! 
 

 Typically the lamp current should be about 0.43 ADC with sensors AS56 ! 
 

 Typically the lamp current should be about 0.85 ADC with sensors AF45, AF46 ! 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

25.09.1999 P01 11:43:15 PM 

LAMP MONITOR 

LAMP OUTPUT              : LAMP F 

SWITCH LAMP              : ON 

LAMP VOLTAGE (VDC)       : 5.00 

LAMP CURRENT (ADC)       : 0,76 

NUMBER OF SENSORS AT F   : 1 

25.09.1999 P01 11:43:15 PM 
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9 Maintenance 
 
9.8.3 Detector monitor 
 

This monitor displays the actual detector currents as 
well as the currents measured during the last system 
zero point adjustment in nano-Ampere (1/1,000,000 
mA) 
 
Use cursor keys   to select SERVICE in 
MAINTENANCE and confirm with ENTER. 
 
Use cursor keys   to select DETECTOR 
MONITOR in SERVICE and confirm with ENTER. 
 
 
 
 
Menu DETECTOR MONITOR appears. 
 
Use cursor keys   to select DETECTOR INPUT 
and confirm with ENTER. The system displays data 
of that detector channel. 
 
 
The system calculates the CU-value for the actual 
detector current and the maximum range in CU based 
on the zero current. 
 
 
 

 
Press key CLEAR for return to menu SERVICE. 
 
 

The user may select only from existing and assigned optek inputs ! 
 

The system calculates a negative CU-value, if the actual detector current is higher than 
the current during last zero point adjustment. In this case, the user should check zero for 
absorption or transmission measurements ! 
 

Turbidity increases the detector current in channel A or B with sensor TF16 ! 
Turbidity decreases the detector current in channel C or D with sensor TF16 ! 
 

Range end should not be higher than MAX. RANGE ! 
Reduce the OPL or change measurement wavelength, if necessary ! 
 

If result in CU exceeds MAX. RANGE (detector current approximately 0.25 nA),  
the system activates FAILSAFE and generates the error message “SIGNAL LOSS” !  

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

25.09.1999 P01 11:43:15 PM 

DETECTOR MONITOR 

DETECTOR INPUT            : CHANNEL A 

PHOTO CURRENT (nA)        :   4432.413 

ZERO CURRENT  (nA)        : 513452.234 

PHOTO CURRENT (CU)        :      2.064 

MAX. RANGE (CU)           :      6.011 

25.09.1999 P01 11:43:15 PM 
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9 Maintenance 
 
9.8.4 Result monitor 
 

This monitor displays for all results in all products the 
measurement function, mA inputs and linearization 
tables in use.  
 
Use cursor keys   to select SERVICE in 
MAINTENANCE and confirm with ENTER. 
 
Use cursor keys   to select RESULT MONITOR 
in SERVICE and confirm with ENTER. 
 
 
 
 
 
Menu RESULT MONITOR appears. 
 
 
 
Use cursor keys   to select PRODUCT and 
confirm with ENTER.  
 
 
 
 
 
 
 
 
The system displays the RESULT MONITOR for the 
selected product. 
 
 
 
The four results are displayed with names, 
measurement function and calculations. 
 
 
 
 
 
 

 
Press key CLEAR for return to menu SERVICE. 
 
 
 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

25.09.1999 P01 11:43:15 PM 

RESULT MONITOR 
PRODUCT         : 

RESULT          FUNKTION 

M01             : TURB PPM  (A/C)

M02             : ABS -CU   (C)

M03             : ABS -CU   (B-D)

M04             : ABS -CU   (B-D)

25.09.1999 P01 11:43:15 PM 

RESULT MONITOR 
PRODUCT         : P03 

RESULT        FUNCTION 

M01          :TURB PPM  (A/C)xIN01xL03 

M02          :ABS -CU   (C)xIN02 

M03          :ABS -CU   (B-D)xL04 

M04          :ABS -CU   (B-D) 

25.09.1999 P01 11:43:15 PM

 P01 
 P02 
 P03 
 P04 
 P05 
 P06 
 P07 
 P08
 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1910 of 2133



C4000 SOFTWARE A2 

Converter C4000 SW-A2 Ver A1.doc optek Danulat GmbH  D-45356 Essen  Germany Page 85
 

9 Maintenance 
 
9.8.5 Relay + LED monitor 
 

This monitor displays the calculated conditions for the 
LED’s and the positions for the relay contacts.  
 
Use cursor keys   to select SERVICE in 
MAINTENANCE and confirm with ENTER. 
 
Use cursor keys   to select RELAY + LED 
MONITOR in SERVICE and confirm with ENTER. 
 
 
 
 
 
 
Menu RELAY + LED MONITOR appears. 
 
 
 
 
If displayed data are inconsistent with actual 
conditions for LED’s or relays , a hardware fault is 
likely. 
 
 
 
 
 
 

Press key CLEAR for return to menu SERVICE. 
 
 

LED’s and relays are independent from each other, if REMOTE OUT is used !  
 

 Conditions for a LED depends on alarm set point, type of alarm and actual result ! 
 

Relays 1 through 3 may be configured for alarms or feedback ! 
 

Relays 1 through 3 may be configured normally open or normally closed ! 
 

System relay 4 has two active contacts. It switches contact position while  
the converter is powered up ! 

 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

25.09.1999 P01 11:43:15 PM 

RELAY + LED MONITOR 
                CONTACT        LED 

ENERGIE           ---          GREEN 

RELAY 1 10-11 : CLOSED         YELLOW 

RELAY 2 12-13 : OPEN           YELLOW 

RELAY 3 14-15 : OPEN           OFF 

RELAY 4 16-18 : ACTIVE         OFF 

25.09.1999 P01 11:43:15 PM 
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9 Maintenance 
 
9.8.6 Remote IN monitor 
 

This monitor displays the signals at the REMOTE IN 
inputs. 
 
Use cursor keys   to select SERVICE in 
MAINTENANCE and confirm with ENTER. 
 
Use cursor keys   to select REMOTE IN 
MONITOR in SERVICE and confirm with ENTER. 
 
 
 
 
 
 
Menu REMOTE IN MONITOR appears. 
 
 
 
 
If displayed data are inconsistent with actual input 
signals , a hardware fault is likely. 
 
 
 
 
 
 
 

Press key CLEAR for return to menu SERVICE. 
 
 
 The system interprets voltages from 19 to 29 VDC as HIGH ! 
 

 The system interprets voltages from 0 to  2.5 VDC as LOW ! 
 

 Input R5 is not used in this software version ! 
 

With R6 (RZ) = HIGH, the system adjusts zero point, 
if confirmed with R8 (RV) = HIGH ! 

 

With R7 (RH) = HIGH, the system enables or disables HOLD, 
if confirmed with R8 (RV) = HIGH ! 
 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

25.09.1999 P01 11:43:15 PM 

REMOTE IN MONITOR 
REMOTE IN R1        : LOW 

REMOTE IN R2        : LOW 

REMOTE IN R3        : LOW 

REMOTE IN R4        : LOW 

REMOTE IN R5        : LOW 

REMOTE IN RZ        : LOW 

REMOTE IN RH        : LOW 

REMOTE IN RV        : LOW 

25.09.1999 P01 11:43:15 PM 
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9 Maintenance 
 
9.8.7 Subassembly monitor 
 

This monitor displays the subassemblies used in this 
converter 
 
Use cursor keys   to select SERVICE in 
MAINTENANCE and confirm with ENTER. 
 
Use cursor keys   to select SUBASSEMBLY 
MONITOR in SERVICE and confirm with ENTER. 
 
 
 
 
 
 
Menu SUBASSEMBLY MONITOR appears. 
 
The system displays exact subassembly names 
including revision codes for hard- and software.  
 
 
If displayed data are inconsistent with actual 
subassemblies , a hardware fault is likely. 
 
 
 
 
 
 

Press key CLEAR for return to menu SERVICE. 
 
 

If the internal system communication fails,  
data for one or more addresses could be missing !  

 

 If is missing at the end of a line, the system has detected missing or questionable 
 calibration data in this particular subassembly ! 
 
 
 
 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

05.11.2001 P01 11:43:15 PM 

SUBASSEMBLY MONITOR 
             BOARD    HW    SW     DC 

FRONTPANEL : MC-02    C1    A1.0   5O0 

ADDRESS  1 : MA-11-2  A1    A1     4O7 

ADDRESS  2 : MA-11-2  A1    A1     4O7 

ADDRESS  3 : IO-12    A2    A1     4O7 

ADDRESS  4 : IO-13    A2    A2     4O7 

ADDRESS  5 : IO-14    A2    A2     4O7 

05.11.2001 P01 11:43:15 PM 
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9 Maintenance 
 
9.8.8 PC Transfer 
 

This function enables the user to establish 
communication between the converter and a PC via a 
RS-232 interface. If using a PC and the CONTROL 
4000 PC-TRANSFER software from optek, the user 
has access to the following features:   
 

 C4000  PC (downloading) 
 Trend Online, displaying all four results 
 Data logger 
 Parameter set  
 Password protection 
 Calibration data scattered light 
  

 PC  C4000 (uploading) 
 Parameter set 
 Product configuration 
 Linearization tables 
 System settings  
 Password protection 
 Default values  
 Calibration data scattered light 
 Software Updates 
 

Use cursor keys   to select MAINTENANCE \ 
SERVICE \ PC TRANSFER and confirm with ENTER. 
 
Menu PC TRANSFER appears. 
 
 

 
 
 System requirements for PC TRANSFER are: 
 486 or Pentium  with Windows  – 95, – 98, – NT or – 2000 ! 
 

 Communication times during transfer take only seconds for all functions  
except a data logger download ! 

 

 If the data logger is down-loaded, the transfer time is from 2 to 5 minutes per 10,000 data 
 points at 115 Kbits/s transfer rate, depending on the performance of the PC-system ! 
 

 Download existing parameter set from CONTROL 4000 first as backup,  
then upload the new parameter set !  

 

 At the beginning of data transfer to the CONTROL 4000, the system automatically  
replaces any existing parameters with default values !  

 

Repeat transfer, if communication breaks down during transfer !  
 

 Check all parameters and settings in the CONTROL 4000 prior to startup ! 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

05.11.2001 P01 11:43:15 PM 

PC TRANSFER 

SELECT FUNCTION 

FROM PC 

TERMINATE PC CONNECTION WITH 

CLEAR

05.11.2001 P01 11:43:15 PM 
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10 Information display 
 
10.1  Configuration display 
 

The user can view information for the complete 
system in these menus. The system displays the 
configuration of the converter CONTROL 4000, the 
current settings and the system data for the sensors  
installed. It is not possible to change the data here. 
 
Use cursor keys   to select INFORMATION 
DISPLAY in MAIN MENU and confirm with ENTER. 
 
 
 
 
 
 
Menu INFORMATION DISPLAY appears. 
 
 
 
Use cursor keys   to select CONFIGURATION in 
INFORMATION DISPLAY and confirm with ENTER. 
 
 
 
 
 
 
 
 
Menu CONFIGURATION appears. 
 
 
 
The listing is separated as it would be displayed on 
the graphics display. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

INFORMATION DISPLAY 
CONFIGURATION

SYSTEM SETTINGS 

SENSOR DATA 

25.09.1999 P01 11:43:15 PM 

INFORMATION DISPLAY 
001 MODEL           : C4222 

002 SERIAL NO       : 124689 

003 SOFTWARE        : A1.0 

104 -  C O N F I G U R A T I O N - 

105 INPUT A         : EX I.S. 

106 INPUT B         : 0 

107 INPUT C         : 1 

108 INPUT D         : 0

25.09.1999 P01 11:43:15 PM

104 – C O N F I G U R A T I O N – 

105 INPUT A        : EX I.S. 

106 INPUT B        : 0 

107 INPUT C        : 1 

108 INPUT D        : 0

109 LAMP OUT       : 1

110 MA IN          : 2 

111 REMOTE IN      : 8 

112 MA OUT         : 2 
Use cursor keys   to shift four lines up / 
down.  
Press key CLEAR twice to return to the MAIN 
MENU. 
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10 Information display 
 
10.2  System settings display 
 

The user can view information for the complete 
system in these menus. The system displays the 
configuration of the converter CONTROL 4000, the 
current settings and the system data for the sensors  
installed. It is not possible to change the data here. 
 
Use cursor keys   to select INFORMATION 
DISPLAY in MAIN MENU and confirm with ENTER. 
 
 
 
 
 
 
Menu INFORMATION DISPLAY appears. 
 

Use cursor keys   to select SYSTEM SETTINGS 
in INFORMATION DISPLAY and confirm with 
ENTER. 
 

Menu SYSTEM SETTINGS appears. 
 

The listing is separated as it would be displayed on 
the graphics display. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

INFORMATION DISPLAY 
CONFIGURATION

SYSTEM SETTINGS 

SENSOR DATA 

25.09.1999 P01 11:43:15 PM 

INFORMATION DISPLAY 
001 MODEL           : C4222 

002 SERIAL NO       : 124689 

003 SOFTWARE        : A1.0 

204 -  S E T T I N G S - 

205 LAMP E (VDC)    : 4.80      1xS 

206 LAMP F (VDC)    : 4.80      1xS 

207 PASSWORD        : 05 MIN 

208 DATA LOGGER     : 01 SEC

25.09.1999 P01 11:43:15 PM

204 – S E T T I N G S - 

205 LAMP E (VDC)    : AS ORDERED 
206 LAMP F (VDC)    : AS ORDERED 

207 PASSWORD        : 05 MIN 

208 DATA LOGGER     : 10 SEC

209 DAMPING         : SYMMETRIC
210 DAMPING (SEC)   : 1.0 

211 ZERO            : MANUAL 

212 ZERO            : REMOTE

213 PRODUCT CHANGE  : MANUAL
214 PRODUCT CHANGE  : REMOTE 

215 RELAY           : OPEN 

216 RELAY FOR       : ALARMS

217 REMOTE IN       : IN 1
218 HOLD            : HOLD 1 

219 HOLD            : MANUAL 

220 HOLD            : REMOTE

221 MA OUTPUTS      : 4 - 20 MA
222 FAILSAFE        : +110 % 

223 MA IN 1         : IN USE 

224 MA IN 2         : IN USE

225 INPUT A         : IN USE
226 INPUT B         : IN USE 

227 INPUT C         : IN USE 

228 INPUT D         : IN USE 

Use cursor keys   to shift four lines up / 
down.  
Press key CLEAR twice to return to the MAIN 
MENU. 
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10 Information display 
 
10.3  Sensor data display 
 

The user can view information for the complete 
system in these menus. The system displays the 
configuration of the converter CONTROL 4000, the 
current settings and the system data for the sensors  
installed. It is not possible to change the data here. 
 
Use cursor keys   to select INFORMATION 
DISPLAY in MAIN MENU and confirm with ENTER. 
 
 
 
 
 
 
Menu INFORMATION DISPLAY appears. 
 
 
 
 
 

Use cursor keys   to select SENSOR DATA in 
INFORMATION DISPLAY and confirm with ENTER. 
 
 
 
 
 
 
 
 
Menu SENSOR DATA appears. 
 

 
 
Use cursor keys   to display information for each 
sensor.  
 
 
The user may enter and update the specific 
installation data in the system setup. 
 
 
 
 

 
Press key CLEAR twice to return to the MAIN MENU. 
 
 

MAIN MENU 
MEASUREMENT DISPLAY 

DATA LOGGER DISPLAY 

INFORMATION DISPLAY 

PRODUCT CHANGE 

PRODUCT CONFIGURATION 

SYSTEM SETUP 

SERVICE

LANGUAGE / SPRACHE 

25.09.1999 P01 11:43:15 PM 

INFORMATION DISPLAY 
CONFIGURATION

SYSTEM SETTINGS 

SENSOR DATA 

25.09.1999 P01 11:43:15 PM 

INFORMATION DISPLAY 
SYSTEM DATA SENSOR 1 

MODEL             :  AF45-EX 

SERIAL NO         :  12345 

OPL               :  40 mm 

WAVELENGTHS       :  280 nm 

OPTEK INPUTS      :  A, C 

CABLE LENGTH      :  10 m 

LAMP OUTPUT       :  E

25.09.1999 P01 11:43:15 PM
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11 Remote 
 
A product change may be initiated remotely, refer to sections 4.5, 4.8, 11.1, 11.2. All versions of the 
converter CONTROL 4000, except configurations C4x0x, have remote access capabilities. Signal inputs 
(24 V DC) connected to the Remote-IN terminals enable the user to initiate different functions in the 
converter CONTROL 4000 externally.  
The user can enable or disable manual and / or remote access to zero point adjustment in SYSTEM ZERO 
(section 4.4). The user can also enable or disable manual and / or remote access to product change in 
PRODUCT CHANGE (4.5). In HOLD (4.9), the user can select function HOLD 1 or HOLD 2. In SYSTEM 
SETUP \ REMOTE IN (4.8), the user can select function REMOTE IN 1 or REMOTE IN 2. 
 
11.1 Function REMOTE IN 1 
REMOTE IN 1 uses inputs R1 to R7 with equal ranking. Product change and zeroing may be initiated 
simultaneously. Zero point setting is executed globally, i.e. all results for all products are zeroed the same 
time. Zero point is adjusted, if R6 and R8 = HIGH.  
 
R1 + R2 + R3 = refer to table below = product selection P01 through P08 
R4 + R5 = LOW   = not used 
R6  = HIGH   = adjusts zero, as long as R6 + R8 = HIGH. 
R7  = HIGH   = freezes system, as long as R7 + R8 = HIGH  
R8  = HIGH   = execute function defined by R1 through R7  
RR  = Return line  = loop return 
 
Function Terminal R1 R2 R3 R4 R5 R6 R7 R8 
Product change to product 1 LOW LOW LOW   LOW LOW HIGH
Product change to product 2 LOW LOW HIGH   LOW LOW HIGH
Product change to product 3 LOW HIGH LOW   LOW LOW HIGH
Product change to product 4 LOW HIGH HIGH   LOW LOW HIGH
Product change to product 5 HIGH LOW LOW   LOW LOW HIGH
Product change to product 6 HIGH LOW HIGH   LOW LOW HIGH
Product change to product 7 HIGH HIGH LOW   LOW LOW HIGH
Product change to product 8 HIGH HIGH HIGH   LOW LOW HIGH
Initiates global zero setting actual product   HIGH LOW HIGH
Enables HOLD  actual product   LOW HIGH HIGH
Disables HOLD  actual product   LOW LOW HIGH

 
Signals should be established for at least one second to initiate an intended function. The system requires 
confirmation (R8 = HIGH = VALID) prior to execution of a remote function. The system is not operating for 
3 seconds while PRODUCT CHANGE is executed, as the system has to load the parameter set for the new 
product definition. All outputs are frozen with previous results during that period of time.  

 
Zero point setting is executed globally, i.e. inputs A through D in all results 
for all products are zeroed the same time ! 
 

Zeroing while HOLD is active requires R6 = R7 = HIGH ! 
 

If R6 = R7 = HIGH, the system activates HOLD first, then calculates results with the 
current zero point adjustments, as soon as HOLD is deactivated ! 

 

 It is possible that PRODUCT CHANGE REMOTE may be disabled in SYSTEM SETUP ! 
 

 It is possible that HOLD REMOTE may be disabled in SYSTEM SETUP ! 
 

It is possible that PRODUCT CHANGE REMOTE may be disabled ! 
 

Function HOLD 1 or HOLD 2 may have been selected in SYSTEM SETUP ! 
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11 Remote 
 
11.2 Function REMOTE IN 2 
 

REMOTE IN 2 uses inputs R1 to R4 with respect to R6. With R6 = LOW all other inputs are used as 
defined for REMOTE IN 1. With R6 = HIGH inputs R1 to R4 are used to select results M01 to M04 for 
individual zeroing. 
 
R1 + R2 + R3  = refer to table below = product selection P01 through P08 if R6 = low 
R1 + R2 + R3 + R4 = refer to table below = product selection P01 through P08 if R6 = HIGH 
R5   = LOW   = not used 
R6   = HIGH   = adjusts zero, as long as R6 + R8 = HIGH. 
R7   = HIGH   = freezes system, as long as R7 + R8 = HIGH  
R8   = HIGH   = execute function defined by R1 through R7  
RR   = Return line  = loop return 
 
Function Terminal R1 R2 R3 R4 R5 R6 R7 R8 
Product change to product 1  LOW LOW   LOW LOW HIGH
Product change to product 2  LOW HIGH   LOW LOW HIGH
Product change to product 3  HIGH low   LOW LOW HIGH
Product change to product 4  HIGH HIGH   LOW LOW HIGH
Product change to product 5  LOW LOW   LOW LOW HIGH
Product change to product 6  LOW HIGH   LOW LOW HIGH
Product change to product 7  HIGH LOW   LOW LOW HIGH
Product change to product 8  HIGH HIGH   LOW LOW HIGH
Initiates selective zero setting selection M01 – M04  HIGH LOW HIGH
Enables HOLD  actual product   LOW HIGH HIGH
Disables HOLD  actual product   LOW LOW HIGH

 
Function Terminal R1 R2 R3 R4 R5 R6 R7 R8 
Initiates selective zeroing of M01 HIGH LOW LOW LOW  HIGH LOW HIGH
Initiates selective zeroing of M02 LOW HIGH LOW LOW  HIGH LOW HIGH
Initiates selective zeroing of M03 LOW LOW HIGH LOW  HIGH LOW HIGH
Initiates selective zeroing of M04 LOW LOW LOW HIGH  HIGH LOW HIGH
Initiates selective zeroing of M01 through M03 HIGH HIGH HIGH LOW  HIGH LOW HIGH

 
Signals should be established for at least one second to initiate an intended function. The system requires 
confirmation (R8 = HIGH = VALID) prior to execution of a remote function. The system is not operating for 
3 seconds, while PRODUCT CHANGE is executed, as the system has to load up the parameter set for the 
new product definition. All outputs are frozen with previous results during that period of time.  
 

Zero point adjustment is executed selectively, i.e. inputs A through D will be readjusted 
only, if used in the selected results of the current product ! 
 

These zero point adjustments are used in all products ! 
 

Zeroing while HOLD is active requires R6 = R7 = HIGH ! 
 

If R6 = R7 = HIGH, the system activates HOLD first, then calculates results with the 
current zero point adjustments, as soon as HOLD is deactivated ! 

 

 It is possible that PRODUCT CHANGE REMOTE may be disabled in SYSTEM SETUP ! 
 

 It is possible that HOLD REMOTE may be disabled in SYSTEM SETUP ! 
 

It is possible that PRODUCT CHANGE REMOTE may be disabled ! 
 

Function HOLD 1 or HOLD 2 may have been selected in SYSTEM SETUP ! 
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11 Remote 
 
11.3 Function REMOTE OUT 1 
 
The user can configure the relay outputs 1 through 3 as alarm indicators or for status feedback in SYSTEM 
SETUP (section 4.7). Three functions for feedback are provided. REMOTE OUT functions do not affect the 
system relay REL04. Function REMOTE OUT 1 uses relay outputs REL01 and REL03 for status feedback, 
output REL02 is not used. The system activates relay REL01 at terminals 10-11 if product P01 is in use. 
The system activates relay REL03 at terminals 14-15 only, if the measurement mode is active.  
 
 REMOTE OUT 1 
 (With contact position NORMALLY OPEN): 
 
 Relay 1: closed  " Product P01 " 
   open  " Product P02 through P08 " 
 
 Relay 2:      no function  
 
 Relay 3: closed  " Measurement mode active " 

- in MEASUREMENT DISPLAY  
- in DATA LOGGER DISPLAY  
- in INFORMATION DISPLAY  

      
   open  " currently no measurement possible " 
      - PRODUCT CHANGE (3 sec.) is activated 
      - PRODUCT CONFIGURATION is activated 
      - SYSTEM SETUP in activated 
      - MAINTENANCE is activated 
      - HOLD is activated 
      - PC TRANSFER is activated 
       
 Measurement mode remains active during SIGNAL LOSS, REL03 remains closed ! 
 SIGNAL LOSS activates FAILSAFE ! 

 

Measurement mode remains active during lamp failure, REL03 remains closed! 
 

SIGNAL LOSS resulting from lamp failure initiates system relay REL04 ! 
 

REMOTE OUT 1 may be combined with function PROD_FEEDBACK  
(product-feedback via mA-output, see section 5.3.2)! 

 
If relays are configured for status feedback, the relays switch immediately according to the current status. 
Any delay that was defined for alarm set points will not apply. Alarm set points will remain valid, 
measurements that fall below or exceed set points will be indicated by the local alarm LED’s. 
 
Relay output 4 (system relay): 
 The (active) relay switches with power up of the CONTROL 4000 and changes state, if: 
 Relay 4: open  SYSTEM FAILURE, such as: 
 (active)     - no power  
      - lamp failure 
      - communication failure 
      - upload failure 
      - configuration failure 
    

closed  SYSTEM OKAY 
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11 Remote 
 
11.4 Function REMOTE OUT 2 
 
The user can configure the relay outputs 1 through 3 as alarm indicators or for status feedback in SYSTEM 
SETUP (section 4.7). Three functions for feedback are available. REMOTE OUT functions do not affect the 
system relay REL04. Function REMOTE OUT 2 expands function REMOTE OUT 1 to three products. This 
function uses relay outputs REL01, REL02 and REL03 for status feedback. The system activates relays 
REL01 and REL 02 at terminals 10-11 and 12-13, if product P01, P02 or P03 is in use. The system 
activates relay REL03 at terminals 14-15 only, if the measurement mode is active.  
 
 REMOTE OUT 2 
 (With contact position NORMALLY OPEN): 
 

Product P01 P02 P03 P04 through P08
Relay 1 closed open closed open 
Relay 2 open closed closed open 

 
 Relay 3: closed  " Measurement mode active " 

- in MEASUREMENT DISPLAY  
- in DATA LOGGER DISPLAY  
- in INFORMATION DISPLAY  

      
   open  " currently no measurement possible " 
      - PRODUCT CHANGE (3 sec.) is activated 
      - PRODUCT CONFIGURATION is activated 
      - SYSTEM SETUP in activated 
      - MAINTENANCE is activated 
      - HOLD is activated 
      - PC TRANSFER is activated 
       
 Measurement mode remains active during SIGNAL LOSS, REL03 remains closed ! 
 SIGNAL LOSS activates FAILSAFE ! 

 

Measurement mode remains active during lamp failure, REL03 remains closed! 
 

SIGNAL LOSS resulting from lamp failure initiates system relay REL04 ! 
 

REMOTE OUT 2 may be combined with function PROD_FEEDBACK  
(product-feedback via mA-output, see section 5.3.2)! 

 
If relays are configured for status feedback, the relays switch immediately according to the current status. 
Any delay that was defined for alarm set points will not apply. Alarm set points will remain valid, 
measurements that fall below or exceed set points will be indicated by the local alarm LED’s. 
 
Relay output 4 (system relay): 
 The (active) relay switches with power up of the CONTROL 4000 and changes state, if: 
 Relay 4: open  SYSTEM FAILURE, such as: 
 (active)     - no power  
      - lamp failure 
      - communication failure 
      - upload failure 
      - configuration failure 
    

closed  SYSTEM OKAY 
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11 Remote 
 
11.5 Function REMOTE OUT 3 
 
The user can configure the relay outputs as alarm indicators or for status feedback in SYSTEM SETUP 
(section 4.7). Three functions for feedback are available. REMOTE OUT functions do not affect the system 
relay REL04. Function REMOTE OUT 3 uses relay outputs REL01, REL02 and REL03 for status feedback 
only. The system activates relays REL01, REL02 and REL03 at terminals 10-11, 12-13 and 13-14, to 
indicate which of the products P01 through P08 is currently used. There is no information with respect to 
measurement mode included.  
 
 REMOTE OUT 3 
 (With contact position NORMALLY OPEN): 
 

Product P01 P02 P03 P04 P05 P06 P07 P08 
Relay 1 closed open closed open closed open closed open 
Relay 2 open closed closed open open closed closed open 
Relay 3 open open open closed closed closed closed open 

 
 

SIGNAL LOSS results from lamp failure, system relay REL04 switches ! 
 

REMOTE OUT 3 transfers the same information like the function PROD_FEEDBACK  
(product feedback via mA output, see section 5.3.2) ! 

 
 
 
If relays are configured for status feedback, the relays switch immediately according to the current status. 
Any delay that was defined for alarm set points will not apply. Alarm set points will remain valid, 
measurements that fall below or exceed set points will be indicated by the local alarm LED’s. 
 
Relay output 4 (system relay): 
 The (active) relay switches with power up of the CONTROL 4000 and changes state, if: 
 Relay 4: open  SYSTEM FAILURE, such as: 
 (active)     - no power  
      - lamp failure 
      - communication failure 
      - upload failure 
      - configuration failure 
    

closed  SYSTEM OKAY 
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12 Fault indications 
 

The system displays error messages SIGNAL LOSS, LAMP FAILURE and NO COMMUNICATION for a 
maximum of four results simultaneously. Also, different error messages may be displayed the same time. 
 
12.1 Signal loss  

 
Error messages displayed in measurement mode 
provide precise guidance for fast fault-finding. 
The system displays for result M01 SIGNAL LOSS at 
optek input A and displays for result M04 SIGNAL 
LOSS at channels B, D and mA input 1  
SIGNAL LOSS for optek or mA inputs are displayed 
separately for each result. The system displays the 
error messages if the specific input is used in the 
calculations for that particular result. This simplifies 
fault-finding. 
 
 
 
 

 The system generates error messages only related to the results  
displayed in measurement mode ! 

 

 Error messages indicating SIGNAL LOSS do not have a fault number !  
 

 The system generates different error messages with different products,  
if those results use different inputs !  

 

 SIGNAL LOSS activates FAILSAFE !  
  

SIGNAL LOSS does not activate system alarm !  
 

 The error message disappears automatically, if condition returns to normal! 
 
SIGNAL LOSS may result from: 
 

Action / procedure 

Light transmission of product is too low 
(absorption is too high) 

Check signals in DETECTOR MONITOR. 
Check lamp voltage. 
Reduce OPL.  
Change wavelength. 
Check windows. 

Broken or improperly-wired cables Check installation. 
Mixed polarity = signal loss 

Lamp failure Check signals in LAMP MONITOR.  
Replace lamp. 

Communication fault Start SYSTEM DIAGNOSTICS. 
Check SUBASSEMBLY MONITOR. 
Replace faulty pc-board. 

 
 

Error messages related to SIGNAL LOSS do not activate the system alarm (relay), 
 as this is a permitted condition in many applications ! 
 

 SIGNAL LOSS always activates FAILSAFE ! 
  

25.09.1999 P01 11:43:15 PM

M04

1.10 CU 
 0.00           5.00 

M01

1.37 CU 
 0.00           5.00 

M02

1.56 CU 
 0.00           5.00 

 
 SIGNAL LOSS 
 A 

 
 SIGNAL LOSS 
 B+D+MA1 
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12 Fault indications 
 
12.2  Lamp failure 
 

The system displays error messages related to lamp 
failure while the user is in any menu. This provides 
precise guidance for fast fault-finding. 
The system displays LAMP FAILURE at lamp output 
F. Result M04 has, in addition, SIGNAL LOSS at 
inputs B and D. 
There are 12 error messages related to lamp outputs 
indicating individual lamp failures or overload of lamp 
power supplies. Error messages are not displayed if 
the respective lamp output is switched off.  
 
 
 
 

 
Nr. Lamp failures may result from: Action / procedure 
1001 
1002 
 
 

Lamp voltage too high 
Short in lamp cable  
Lamp defect 
Lamp output defect 
 

Check cable length and settings.  
Voltage at lamp connector ? 
Replace lamp. 
Check LAMP MONITOR, replace IO-14 /IO-16. 

1003 
1004 
1005 
1006 

Lamp defect 
 
Broken cable  
Improperly wired cables for sensors 
AF45, AF46, AS56 
Lamp output defect 
 

Replace lamp,  
check HVPS with UV sensors 
Voltage at lamp connector ? 
Check cables, check polarity. 
 
Check LAMP MONITOR, replace IO-14 /IO-16. 

1007 
1008 
1011 

Refer to 1001, 1002 
Wrong lamp connected 
Too many lamps connected 
 

Refer to 1001, 1002 
Use optek spare parts only. 
Check installation. 

1009 
1010 

Lamp voltage too high with sensors AF45, 
AF46 
UV-lamp with ignition faults 
Loose contact in the wiring 
Drop in line voltage 
Lamp output defect  
 

Check cable length and lamp voltage settings.  
 
Replace lamp and / or HVPS. 
Check and repair or replace. 
Check stability, install line filter. 
Check LAMP MONITOR, replace IO-14 /IO-16. 

 
 Error messages related to LAMP FAILURE have highest priority, 
 they overwrite other error messages !  
 

 Error messages related to LAMP FAILURE activate the system alarm (relay), 
 the red system LED (5) starts to flash ! 
 

 CLEAR deactivates the error message and the system returns to measurement mode !  
 The red system LED (5) continues to flash, the system relay remains inactive ! 

 

25.09.1999 P01 11:43:15 PM

M02

1.56 CU 
 0.00           5.00 

M03

2.47 CU 
 0.00           5.00 

M04

1.10 CU 
 0.00           5.00 

M01

1.37 CU 
 0.00           5.00 

 
       LVERLUST 
       A 

 
 SIGNAL LOSS 
 B+D+LF 

 
 FAILURE LAMP F 
  
 
   1004 
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No. Error message Action / procedure: 
1001 
 

LAMP CURRENT TOO HIGH 
 
1001 

Current at output E exceeds limit 
(Default value: 1.4 A) 
 
 

1003 BREAKDOWN LAMP E 
 
1003 

Current at output E is below limit 
(Default value: 0.26 A / 0.60 A , one / two lamps) 
check 1009 
 

1002 LAMP CURRENT TOO HIGH 
 
1002 

Current at output F exceeds limit 
(Default value: 1.4 A) 
 
 

1004 BREAKDOWN LAMP F 
 
1004 

Current at output F is below limit 
(Default value: 0.26 A / 0.60 A , one / two lamps) 
check 1010 
 

1007 LAMP POWER CONSUMPTION TOO 
HIGH 
1007 

Overload output E, power exceeds limit  
(Default value: 15 VA)  
 
 

1008 LAMP POWER CONSUMPTION TOO 
HIGH 
1008 

Overload output F, power exceeds limit  
(Default value: 15 VA)  
 
 

1011 LAMP POWER CONSUMPTION TOO 
HIGH 
1011 

Overload output E + F, power exceeds limit  
(Default value: 22 VA)  
 
 

1009 BREAKDOWN LAMP E 
 
1009 

Unacceptable current fluctuation 
at output E 
 
 

1010 BREAKDOWN LAMP F 
 
1010 

Unacceptable current fluctuation 
at output F 
 
  

1005 BREAKDOWN LAMP E 
 
1005 

Current at output E is below limit 
(Default value: 0.26 A / 0.60 A , one / two lamps) 
check 1009 
 

1006 BREAKDOWN LAMP F 
 
1006 

Current at output E is below limit 
(Default value: 0.26 A / 0.60 A , one / two lamps) 
check 1010 
 

 
 
 If number of sensors at output E = 2, 
 the system displays first fault with 1003, second fault with 1005 ! 
 

 If number of sensors at output F = 2, 
 the system displays first fault with 1004, second fault with 1006 ! 
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12 Fault indications 
 
12.3  Communication failure 
 

The system displays error messages related to loss of 
internal communication while the user is in any menu. 
This provides precise guidance for fast fault-finding. 
The system displays NO COMMUNICATION between 
main controller and second input card MA-11. 
There are 5 error messages related to each one of 
the five slots for boards in the converter chassis. 
 
 
 
 
 
 
 

No. Communication failures may result 
from: 

Action / procedure 

 
1101 
 
1102 
 

Ribbon cable, bus-pcb., connector 
Detector board MA-11 (inputs [A], [C], 
address 1) doesn’t answer 
Detector board MA-11 (inputs ([B], [D], 
address 2) doesn’t answer 
 

Check. 
Check power supply. 
To-11 with same address? 
Replace MA-11 
 

1103 
 

Ribbon cable, bus-pcb., connector 
Remote input board IO-12 doesn’t answer 
 
 

Check. 
Check power supply. 
Replace IO-12 ! 
 

1104 
 

Ribbon cable, bus-pcb., connector 
Relay output board IO-13 doesn’t answer 
 
 

Check. 
Check power supply. 
Replace IO-13 ! 
 

1105 Ribbon cable, bus-pcb., connector  
Lamp output board IO-14 or IO-16 doesn’t 
answer 
 

Check. 
Check power supply. 
Replace IO-14 or IO-16 ! 
 

1101 
- 

1105 

Multiple communication faults result 
simultaneously, if bus fails at main 
controller 
 

Check power supply. 
Replace MC-02. 
Replace converter ! 
 

2011 
 

ERROR 
219 / 2011 
(Sometimes ERROR 219  
in software version A1) 
 

ADC communication fault at MA-11-1 
causing zero- and calibration errors.  
Replace MA-11 with inputs [A], [C] ! 
 

2012 
 

ERROR 
220 / 2012 
(Sometimes ERROR 220  
in software version A1) 
 

ADC communication fault at MA-11-2 
causing zero- and calibration errors. 
Replace MA-11 with inputs [B], [D] ! 
 

 
 Error messages related to internal communication have the highest priority, 
 they overwrite other error messages ! 
 

Error messages related to internal communication activate the system alarm (relay), 
 the red system LED (5) starts to flash ! 
 

 CLEAR deactivates the error message and the system returns to measurement mode !  
 The system repeats the error message, if it is a permanent failure ! 

25.09.1999 P01 11:43:15 PM

M02

1.56 CU 
 0.00           5.00 

M03

2.47 CU 
 0.00           5.00 

M04

1.10 CU 
 0.00           5.00 

M01

1.37 CU 
 0.00           5.00 

 
       LVERLUST 
       A 

 
 NO COMMUNICATION WITH 
 CARD ADDRESS 2 
 
   1102 
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12 Fault indications 
 
12.4 Messages that generate a system alarm  
 
The software activates the system alarm if faulty action or reaction of the system may induce erratic 
measurement results. In addition, the converter activates system alarm if essential technical functions are 
no longer operating properly.  
 
System alarm is activated with: 
 

   lamp failures 
    ( 1001  1011 ) 
 

   communication failures 
    (1101  1105, 2011, 2012) 
 

   configuration failures 
    ( 1021, 1701 ) 
 

   erratic or unloadable hardware calibration data 
    ( 1710  1754 ) 
 

   erratic or unloadable system settings 
    ( 3201  3220 ) 
 

   erratic or unloadable parameters in product configuration,  
   linearization tables or sensor adaptation  

    ( 3230  3250 ) 
 
 
 
 
 
 

Error messages related to SIGNAL LOSS do not activate the system alarm (relay), 
 as this is a permitted condition in many applications ! 
 

 SIGNAL LOSS always activates FAILSAFE ! 
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12 Fault indications 
 
12.5  Messages related to settings 
 

The system displays error messages related to 
SYSTEM SETUP; PRODUCT CONFIGURATION or 
MAINTENANCE. The fault number and sometimes a 
short explanation describe the problem. 
 
 
 
If numerical entries violate system-defined limits, the 
system displays limits as well.  
 
 
Use key CLEAR to acknowledge the error message. 
 
 

The system automatically rejects unacceptable entries. If this occurs, the numerical entry must be 
repeated. The system generates an error message with a fault number only, if the storing of entries or 
settings fails. The entry must then be repeated. If numerous storage faults occure, the user should contact 
optek, as a hardware failure at board MC-02 is likely.  
 
Nr. Messages related to improper entries Generated during entry of: 
1501 
 

WRONG TIME 
 
1501 
 

Time 

1502 
 

WRONG DATE 
 
1502 
 

Date 

1503 WRONG TIME OR 
DATE 
1503 
 

Date & Time 

1504 
 

INPUT CAUSES 
UNDEFINED 
RESULT 
1504 
 

Data points in linearization tables 

1505 
 

SAME NAME  
 
1505 
 

Names for product, result ,  
linearization tables 

1506 
 

CHECK INPUT 
ASSIGNMENT 
1506 
 

Input check prior to selective zero point adjustment 

1601 CALIBRATION ERROR 
 
1601 
 

Calibration of mA-inputs and mA-outputs 

 
 
 
 Refer to next page for additional error messages without specific text ! 
 

ALARM: G 01 
RESULT             :  M01 

RANGE BEGIN        :     0.00 

RANGE END          :   100.00 

UNITS              :  PPM 

ALARM SETPOUINT    :     9.5000 

ALARM AFTER SEC.   : 

ALARM TYPE           : 

REJECT P01 SAVE

  8888 

 8888 > 999 
 UNACCEPTABLE INPUT 
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The following table lists very rare error messages typically generated while saving entries. If the 
system generates any of these messages, try to repeat the entry. If the problem persists, please call 
optek. 
 
No. Error message: Generated while storing data of: 
1201 ERROR   1201 Display: contrast, brightness, compensation 
1202 ERROR   1202 Format Date & Time 
1203 ERROR   1203 Data logger interval 
1204 ERROR   1204 Damping 
1205 ERROR   1205 Lamp voltage E 
1206 ERROR   1206 Lamp voltage F 
1207 ERROR   1207 Number of sensors 
1208 ERROR   1208 Zero setting remote / manual 
1209 ERROR   1209 Current product after product change 
1210 ERROR   1210 MA-outputs 0-20 / 4-20 
1211 ERROR   1211 Relay 1-3 alarms / remote 
1212 ERROR   1212 REMOTE IN 
1213 ERROR   1213 HOLD 
1214 ERROR   1214 FAILSAFE  
1215 ERROR   1215 Password name 
1216 ERROR   1216 Password allocation 
1217 ERROR   1217 Password duration 
1218 ERROR   1218 Optek inputs 
1219 ERROR   1219 MA inputs 
1220 ERROR   1220 Sensor data 
   
1230 ERROR   1230 Data of range 
1231 ERROR   1231 Alarm set points 
1232 ERROR   1232 Format display 
1233 ERROR   1233 Product name 
1234 ERROR   1234 Linearization 
1235 ERROR   1235 Current product 
   
1240 ERROR   1240  Sensor adaptation 
   
1250 ERROR   1250 Data of zero points 
1251 ERROR   1251 Configuration 

 
 
 Messages above have different importance for the measurement !   

 If a problem persists, it is related to a hardware failure in most cases ! 
 Please contact optek ! 
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12 Fault indications 
 
12.6 Messages related to power up 
 
Once powered-up the converter loads all necessary parameters, checks the configuration and finally 
returns to the last operating mode. Errors occurring during this time are displayed with a fault number and 
sometimes a short explanation. Use key CLEAR to acknowledge and delete the error message. If the error 
message is generated again after restart of the system, please contact optek. 
 
No. Error message Fault during power-up, caused by : 
1021  INCONSISTENCY IN  

CONFIGURATION 
1021 

Current hardware configuration deviates from stored 
configuration  
Check and confirm in SUBASSEMBLY MONITOR! 
 

1701 
 

NOT PERMITTED CONFIGURATION 
A, B  EX? 
 
1701 

Combination of MA-11 input boards is not permitted 
with respect to Ex-proof approvals. 
Occurs with two MA-11 boards after replacement. 
Check and confirm in SUBASSEMBLY MONITOR! 
Operation of Ex-sensors not permitted,  
contact optek ! 
 

1701 
 

NOT PERMITTED CONFIGURATION 
C, D EX? 
 
1701 

Combination of MA-11 input cards is not permitted 
with respect to Ex-approvals. 
Occurs with two MA-11 boards after replacement. 
Check and confirm in SUBASSEMBLY MONITOR! 
Operation of Ex-proof sensors is not permitted,  
contact optek ! 
 

1701 
 

NOT PERMITTED CONFIGURATION 
A, B, C, D EX? 
 
1701 

Combination of MA-11 input boards is not permitted 
with respect to Ex-approvals. 
Occurs with two MA-11 boards after replacement. 
Check and confirm in SUBASSEMBLY MONITOR! 
Operation of Ex-proof sensors is not permitted,  
contact optek ! 
 

 

 

Multiple error messages may result from one fault ! 

 Main program starts only, when all error messages have been confirmed  
and deleted with CLEAR ! 

  
  
 
 Never, under any circumstances, operate Ex-proof systems, if message 1701 has occurred ! 
 

 Only if a converter is to interface to non Ex-proof sensors, clear error message 1701 
then proceed to SUBASSEMBLY MONITOR and confirm there the desired change in  
configuration second time ! 

 After the second confirmation the system will no longer generate the error message ! 
 

If message 1701 has been confirmed in SUBASSEMBLY MONITOR, the user must  
remove any marking with respect to explosion protection from the converter !  
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No. Error message Fault while loading up hardware data for: 
1710 

- 
1716 

CALIBRATION DATA 
INCONSISTENT 
START SYSTEM DIAGNOSTICS 
1710 - 1716 

Calibration data at MA-11-1 (inputs [A], [C]  
address 1 ) 
Optek inputs [A], [C]  not working. 
Replace MA-11 with inputs [A], [C]! 
 

1720 
- 

1726 

CALIBRATION DATA 
INCONSISTENT 
START SYSTEM DIAGNOSTICS 
1720 - 1726 

Calibration data at MA-11-2 (inputs [B], [D]  
address 2) 
Optek inputs [B], [D] not working. 
Replace MA-11 with inputs [B], [D] ! 
 
 

1730 CALIBRATION DATA 
INCONSISTENT 
START SYSTEM DIAGNOSTICS 
1730 

Calibration data at IO-12, address 3 
mA inputs 1, 2 not working. 
Replace IO-12 ! 
 

1740 CALIBRATION DATA 
INCONSISTENT 
START SYSTEM DIAGNOSTICS 
1740 

Calibration data at IO-13, address 4 
mA outputs 1, 2 not working. 
Replace IO-13 ! 
 

1750 
- 

1754 

CALIBRATION DATA 
INCONSISTENT 
START SYSTEM DIAGNOSTICS 
1750 - 1754 

Calibration data at IO-14, IO-16, address 5 
mA outputs 3, 4 not working. 
Lamp outputs E, F not working. 
Replace IO-14, IO-16 ! 
 

 
 
No. Error message Fault while loading up hardware data for: 
2011 
 

ERROR 
219 / 2011 
(Sometimes ERROR 219  
in software version A1) 

ADC communication fault at MA-11-1 
causing zero- and calibration errors.  
Replace MA-11 with inputs [A], [C] ! 
 

2012 
 

ERROR 
220 / 2012 
(Sometimes ERROR 220  
in software version A1) 

ADC communication fault at MA-11-2 
causing zero- and calibration errors. 
Replace MA-11 with inputs [B], [D] ! 
 

 
 

Multiple error messages may result from one fault ! 

 Main program starts only, if all error messages have been confirmed  
and deleted with CLEAR ! 

  
 Messages above have different importance for the measurement !   

 If a problem persists, it is related to a hardware failure in most cases ! 
 Please contact optek ! 
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The following table lists very rare error messages, typically generated during power-up. If the 
system generates any of these messages, try to repeat the procedure. If the problem persists, 
please call optek. 
 
No. Error message Fault while loading up data for: 
3201 ERROR   3201 Display- contrast, brightness, compensation 
3202 ERROR   3202 Format Date & Time 
3203 ERROR   3203 Data logger interval 
3204 ERROR   3204 Damping 
3205 ERROR   3205 Lamp voltage E 
3206 ERROR   3206 Lamp voltage F 
3207 ERROR   3207 Number of sensors 
3208 ERROR   3208 Zero setting remote / manual 
3209 ERROR   3209 Current product after product change 
3210 ERROR   3210 MA-outputs 0-20 / 4-20 
3211 ERROR   3211 Relay 1-3 alarms / remote 
3212 ERROR   3212 REMOTE IN 
3213 ERROR   3213 HOLD 
3214 ERROR   3214 FAILSAFE  
3215 ERROR   3215 Password name 
3216 ERROR   3216 Password allocation 
3217 ERROR   3217 Password duration 
3218 ERROR   3218 Optek inputs 
3219 ERROR   3219 MA inputs 
3220 ERROR   3220 Sensor data 
   
3230 ERROR   3230 Data of range 
3231 ERROR   3231 Alarm set points 
3232 ERROR   3232 Format display 
3233 ERROR   3233 Product name 
3234 ERROR   3234 Linearization 
3235 ERROR   3235 Current product 
   
3240 ERROR   3240  Sensor adaptation 
   
3250 ERROR   3250 Data of zero points 
3251 ERROR   3251 Configuration 

 
 
 Messages above have different importance for the measurement !   

 Main program starts only, if all error messages have been confirmed  
and deleted with CLEAR ! 
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13  Software information 
 
13.1  Improvements A0.93  A1 
 
New features Description Section 
REMOTE IN 2 
 

Selective zero point adjustment of specific result. 4.4; 4.8; 11.2 

REMOTE OUT 2 
 

Status feedback for products P01-P03 and 
Measurement mode ? yes / no. 

4.7; 11.4 

REMOTE OUT 3 
 

Status feedback for products P01-P08. 4.7; 11.5 

PROD_FEEDBACK 
 

Special measuring function,  
“measuring” the current product. 

5.3.2; 6.3; 11.3 

HOLD 2 
 

Freezes outputs except MEASUREMENT DISPLAY, 
results available during maintenance. 

4.9; 9.1 

HOLD message box 
 

Message box displaying when HOLD was activated. 4.9 

ENTER PASSWORD 
 

Menu for activating / deactivating passwords. 9.8.1 

RESULT MONITOR 
 

Displays calculations of all results in all products. 9.8.4 

PC TRANSFER 
 

Copy function for parameters, as well selective. 13 

On-line data logger 
transfer 
 

Data transfer to the PC without interrupting measurement. 4.2¸8.2 

TREND On-line 
 

On-line data transfer for all four results. 8.2 

CALIBRATION 
SCATTERED LIGHT 
 

Menu for entering calibration data (PPM, FTU, EBC) 9.5 

PRODUCT CHANGE 
 

Menu for enabling / disabling MANUAL / REMOTE 
PRODUCT CHANGE 

4.5; 6.1; 6.2 

 
Improved features Description Section 
REMOTE IN  Expanded to 2 functions 4.4; 4.8; 11.1; 

11.2 
REMOTE OUT  Expanded to 2 functions 11.3; 11.4; 

11.5 
HOLD  Expanded to 2 functions 

In addition HOLD message on display  
Hold features 

4.9; 9.1 

INFORMATION 
DISPLAY 
 

Separated into 3 sections 
Expanded to 4 sensors  

10 

DATA LOGGER 
 

Improved representation : HOLD, FAILSAFE, NO DATA 4.2; 8.1; 8.2 

Lamp outputs 1 or 2 sensors per lamp output 
Lamp failure identifies 1 / 2 or 2 / 2 faults 

3.5; 9.8.2 

Zero point adjustment 
 

Selective zero point adjustment 
REMOTE and / or MANUAL 

9.2 

Linearization tables 
 

Accepts continuously increasing or decreasing curve 5.4 

LANGUAGE / SPRACHE 
 

Expanded to 5 languages 3.2 
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13  Software information 
 
13.2  Improvements A1  A2 
 
Improved features Description Section 
Hardware configurations Software released for additional hardware configurations 

C4201 and C4202.  
1.2 

Memory management Operating program memory doubled 
 

 

FAILSAFE  
 
 

Expanded to 4 functions: 
 

FAILSAFE 
SIGNAL 

Output 
4.0 – 20 mA 

Output 
0.0 – 20 mA 

- 10 % 2.4 mA 0.0 mA 
- 1.25 % 3.8 mA 0.0 mA 
+103.1 % 20.5 mA 20.6 mA 
+110 % 21.6 mA 22.0 mA 

 
New FAILSAFE functions with NAMUR limits, this 
simplifies management of normal operation SIGNAL 
LOSS.  
 

4.10 
 
 

DATA LOGGER 
 
 

With the new INTERVAL “- - -“ the user may disable the 
data logger, and the system automatically erases all 
former data.  
This option has been added to address FDA CFR 21 Part 
11. 
If data logger is disabled and its menu in SYSTEM 
SETUP is protected individually with password level 3, 
external data consistency does not become questionable, 
as no data recording is done in the C4000. 
 

4.2, 8.1, 8.2 
 
 
 
 
 

ERROR 1021 
CONFIGURATION 
IDENTIFICATION 
 
 

In rare cases configuration identification during power up 
missed cards IO-14 or IO-16. Identification and 
confirmation in SYSTEM DIAGNOSTICS was necessary 
to continue normal operation.  
Additional control loops for verification of fault detection 
prior to erratic error message generation eliminates this 
inconvenience. 
 

12.3, 12.6 

ERROR 
219 / 2011 
(Sometimes ERROR 219  
in software version A1) 

ADC communication fault at MA-11-1 
causing zero- and calibration errors.  
Replace MA-11 with inputs A, C ! 
Fault number corrected  
 

12.3, 12.6 

ERROR 
220 / 2012 
(Sometimes ERROR 220  
in software version A1) 

ADC communication fault at MA-11-2 
causing zero- and calibration errors. 
Replace MA-11 with inputs B, D !  
Fault number corrected 
 

12.3, 12.6 

LANGUAGE \ SPRACHE Some improvements in spelling 
 

 

DISPLAY New optek LOGO implemented in operating software 
(not in hardware). 
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13  Software information 
 
13.3  Download of actual software 
 
In order to update the software for the converter CONTROL 4000, the following is required: 
 

 PC or Laptop with serial interface 
    System requirements: 486 or Pentium   

   with Windows  –95, –98, –NT or –2000 ! 
  

  optek PC- RS232 serial interface cable  
   to connect the CONTROL 4000 to the PC or Laptop 
    
  Actual version of PC-software CONTROL 4000 PC-TRANSFER 
   (File name: C4000_PC_Transfer_E1_YYMMDD.EXE) 
  

 Actual version of CONTROL 4000 software  
    (File name: C4000_A1_ YYMMDD.H86) 
 
 
 Check in the INFORMATION DISPLAY which software is currently installed  

at your converter CONTROL 4000 ! 
 

Converters with software A0.93 require different procedures from those 
converters with software A1 or higher ! 

  

 During software update, sensors may remain connected or can be disconnected ! 
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13  Software information 
 
13.3.1 Update A0.93  A1 
 
Procedure: 
 1 Connect converter CONTROL 4000 and PC or Laptop. 
 2 Open file C4000_PC_ TRANSFER_E1_YYMMDD.EXE in the PC or Laptop. 
 3 Select convenient language in C4000_PC_TRANSFER.  
 4 Select COM-port in C4000_PC_TRANSFER  
      (the software automatically selects 115 Kbits/s for the transfer rate). 
 5 Select menu SOFTWARE \ A0.93 A1 in C4000_PC_TRANSFER.  
 6 Select required software version (file: C4000_A1_YYMMDD.H86). 
 7 The system displays menu PROGRAM UPDATE. 
 8 a Power down converter CONTROL 4000. 
  b Wait at least 10 seconds.  
  c Power up converter CONTROL 4000. 
  d The converter displays LOADING PROGRAM. 
  e Activate START UPDATE in the PC-software. 
  f The system starts transfer of data. 
  g The converter CONTROL 4000 returns to MAIN MENU,  
   once the transfer has been completed successfully. 

 h Terminate PC-program. 
9 Select menu SYSTEM SETUP \ DATA LOGGER in the converter CONTROL 4000,  

  activate DATA LOGGER RESET (4.2). 
  
  

Interrupt of transfer will results in an incomplete program,  
steps 7 and 8 must be repeated ! 
 

 Before you begin and after you are finished with update, check and confirm the  
configuration in MAINTENANCE \ SERVICE \ SUBASSEMBLY MONITOR ! 

  

 Check your stored parameters in the CONTROL 4000 prior to start-up ! 
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13  Software information 
 
13.3.2 Update A1  A1++ 
 

The function PC TRANSFER activates the RS232 
port in the converter. Now the CONTROL 4000 may 
be operated from the PC.  
 
Use cursor keys   in MAINTENANCE to select 
SERVICE and confirm with ENTER. 
 
 
 
Use cursor keys   in SERVICE to select PC 
TRANSFER and confirm with ENTER. 
 
 
 
 
 
The menu PC TRANSFER appears.  
 
 
 
 
 
 
 
 
 
 
 

Procedure: 
 1 Connect converter CONTROL 4000 and PC or Laptop. 
 2 Open file C4000_PC_ TRANSFER_E1_YYMMDD.EXE in the PC or Laptop. 
 3 Select convenient language in C4000_PC_TRANSFER.  
 4 Select COM-port in C4000_PC_TRANSFER,  
      the software automatically selects 115Kb/s for the transfer rate. 
 5 Select menu SOFTWARE \ A1  A1++ in C4000_PC_TRANSFER.  
 6 Select required software version (file: C4000_A2_YYMMDD.H86). 
 7 The system displays menu PROGRAMM UPDATE. 
 8 d The converter displays LOADING PROGRAM. 
  e Activate START UPDATE in the PC-software. 
  f The system starts transfer of data. 
  g The converter CONTROL 4000 returns to MAIN MENU,  
   once the transfer has been completed successfully. 

 h Terminate PC-program. 
 

Interrupt of transfer will results in an incomplete program,  
steps 7 and 8 according to section 13.2.1 must be repeated ! 
 

 Check parameters in the CONTROL 4000 prior to start up ! 
 

SERVICE
ENTER PASSWORD 

LAMP MONITOR 

DETECTOR MONITOR 

RESULT MONITOR 

RELAY + LED MONITOR 

REMOTE IN MONITOR 

SUBASSEMBLY MONITOR 

PC TRANSFER 

05.11.2001 P01 11:43:15 PM 

PC TRANSFER 

SELECT FUNCTION 

FROM PC 

TERMINATE PC CONNECTION WITH 

CLEAR

05.11.2001 P01 11:43:15 PM 
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14 Certificate DIN EN ISO 9001 : 2000 
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15 Fax Reply 
 
to: optek-Danulat GmbH 
 Emscherbruchallee    Phone: (++49) 201 / 63 40 90 
 45356 Essen (GERMANY)   Fax:  (++49) 201 / 63 40 9999 
              
from: Company: 
              
 Name: 
              
 Department: 
              
 Street: 
              
 ZIP-Code / City: 
              
 Phone : 
              
 Fax: 
              
 
Dear Sirs, 
 
Please forward the following information to the responsible manager. 
 
O I am interested in Inline-Photometry - please keep me informed. 
 
O The following colleague in our company may be interested in Inline-Photometry: 
 
  name:            
 
  department:           
 
  phone:            
 
O I am interested in the following application: 
 
              
 
              
 
              
 
O We are already using your equipment - model:        
 
O We are using another manufacturer:         
 
O Please call me. 
              
 
 I found the instruction manual for model         
 
      good O O O O O not good 
 
 I suggest following improvements:          
 
              
 
              
 
Best regards 
 
Date / Signature 
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Preface
This instruction manual is written in such a way that all necessary information is given to provide correct
practice and trouble-free operation.

It is explicitly pointed out that no responsibility is accepted in case of loss or damage however caused on
the use of this instruction manual and the included description of the products.

Due to reasons of printing technique, the following illustrations correspond only roughly to the true appea-
rance of the products. This instruction manual is protected by copyright. However, the user may produce
copies and translations as required for the correct operation of the products.

On request this instruction manual is available in different languages and can also be supplied on CD
(Microsoft  WORD 97).

Our products are under constant development - technical data is subject to change without notice.

Essen, August 1997

For further information please contact or your local agent

optek-Danulat GmbH
Haedenkampstraße 18
D-45143 Essen, Germany
Phone ++49 - (0)201 - 63 40 90
Fax ++49 - (0)201 - 63 40 911

Geschäftsstelle Südwest - Mainz
Phone ++49 - (0)6131 - 58 20 15
Fax ++49 - (0)6163 - 50 40 26

Technisch Adviesbureau NL - Utrecht
Phone ++31 - (0)30 - 276 91 98
Fax ++31 - (0)30 - 272 08 58

optek-Danulat, Inc.
279 South 17th Avenue, Suite # 10
West Bend, WI 53095-3001, USA
Phone ++1 - 414 - 335 - 42 88

++1 - 800 - 371 - 42 88
Fax ++1 - 414 - 335 - 42 99

INTERNET: http://www.optek.com
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Concentration Monitor Model 126/AF16
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» When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!
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Concentration Monitor Model 126/AF16

1 System Description:
The concentration monitor model 126/AF16 is a very
precise single beam absorption photometer. It
measures the attenuation of the light intensity brought
about by the process medium. The system consists
of two components interconnected with cables:

• the converter
  type 126

• the sensor
  type AF16

The AF16 sensor, manufactured in stainless steel, is
designed for inline operation. Its modular construction
allows maximum flexibility in the adaption to the
process without affecting the quality of the
measurement.

The process medium is penetrated by a
precisely focused, constant light beam. A
hermetically sealed photo-electric silicon cell
measures the light intensities and transmits the
resulting photo-current to the amplifier. The
change in the light intensity, caused by ab-
sorption and/or scattering by substances in the
medium, is described by Lambert-Beer´s law:
the logarithm of the transmission loss is
proportional to the concentration of the
substance. This is applicable to dissolved as
well as to undissolved substances. Depending
on the respective properties of the medium, the
concentration of substances can be measured
both in ppm- and %-ranges. The sensor type AF16 uses the light in the visible (VIS) and/or near infrared
(NIR) range from 400 to 1100 nm. The use of an optical filter on the detector side allows to adapt the wave
range to the measuring task of the individual application. Therefore it is possible to do absorption mea-
surements not only with a broad bandwidth (AF16-V) but also color measurements (AF16-F) (i.e.
yellowness at 420 nm) or measurements in the NIR at 730 - 970 nm (AF16-N) which are independant from
color changes.
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The converter type 126 detects the change in photo-current produced in the sensor. The resulting output
signal is proportional to the concentration of substances in the process medium. Two independant
setpoints and a mA-output are available for alarm and monitoring. An additional relay output (FAIL-SAFE)
is built in for remote sensing of lamp or power failure. The basic calibration is carried out in concentration
units (CU). One CU is defined as the negative decade logarithm of the light intensity. Or, in other words, an
increase of 1 CU corresponds to an attenuation of the light by 90 %.

Typical applications (i.e.):
• desludging control of centrifuges
• monitoring of start- and endpoint of crystallization / polymerization
• control of filters
• measurement for flocculant dosage
• phase separation

Among others the model 126/AF16 fulfills the following regulations:

• The regulations of the European Directive for electromagnetic compatibility (RFI) are met - in
many of these tests our instruments even exceed in performance. Therefore our instruments are
labeled with the CE-mark.

• The regulations of the European Directive for technical equipment are met. The tests
according to EN 61010-1 also cover the requirements of the low voltage regulation which is due
since January 1st, 1997.

• The regulations for the use in hazardous areas (Ex-proof) are also met (please refer to the se-
parate Ex-proof manual). The necessary type verifications have been conducted. The different
certificates of the approved certification body are available.

There are more details available on request.

Precision in Perfection     -     certified !
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2 Technical Data

2.1 Converter Model 126

housing: • H-version for top hat-rail mounting to EN 50 022, 35 x 7,5 mm, (IP20)
display: • 1 LED (red): power on

• 1 LED (green): zero
• 2 LED (red): alarm I and II
• 1 LED (red): lamp failure

alarm setting: in 1 % steps of respective measuring range with code setters
calibration: basic calibration in CU (concentration units)
ranges: • 0 - 0,5   CU

• 0 - 1      CU
• 0 - 2      CU
• 0 - 3      CU
• 0 - 4      CU

range adjustment: 4 PLC-inputs 24 V DC, galvanically isolated (19 - 29 V DC, 5,1 - 19 mA)
resolution: < ± 1% of respective measuring range
repeatability: < ± 1% of respective measuring range
linearity: < ± 2% of respective measuring range
response time (T90): 0,5 sec.
ambient temperature: • operation:    0°C (32°F) up to +50°C (122°F) (no direct light)

• transport: -20°C ( -4°F) up to +70°C (158°F)
power supply (fixed): 24 V AC/DC (AC: 20,4 - 26,4 V AC, 47 - 64 Hz)

(DC: 20,4 - 28,8 V DC)
power consumption: 30 VA max.
alarm output: • two independant adjustable SPDT contacts

(contact voltage < 50 V AC / < 75 V DC)
FAIL-SAFE: • 1 SPDT contact to alarm in case of lamp or system failure (active)

(contact voltage < 50 V AC / < 75 V DC)
mA-output: 4-20 mA (load: 0 - 500 Ohm) galvanically isolated (> 500 V DC)
cable lengths: max. 180 m / 591 ft.
requirements: EN 61010-1 / 1994-03 / class 1
options: • B19-42-H-version for wall-mounting, plastic, IP66

• AVA-version for wall-mounting, stainless steel, IP 65

When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!

»
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2 Technical Data

2.2 Sensor model AF16 (AF16-HT)

material: measuring cell made of stainless steel 1.4571, SS 316 Ti (standard)
special materials: 1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc.
line size: DN 6 - DN 300 (¼" - 12")
process connections: NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange,

sanitary thread (DIN 11851), SMS-thread, etc.
gaskets: NBR, silicone-rubber, Viton®, EPDM, Kalrez®

windows: Pyrex®, Sapphire
process pressure: • min. 10 mbar

• max. 500 bar, depending on process connection / material / design
process temperature AF16: • values are only valid with appropriate material of sensor body and

  gaskets
  No icing on sensor!
• permanent     0°C (+32°F) - +120°C (+248°F)
• peak (15 min./day)     0°C (+32°F) - +150°C (+302°F)

process temperature AF16-HT: • values are only valid with appropriate material of sensor body and
  gaskets
  No icing on sensor!
• permanent -20°C (   -4°F) - +220°C (+428°F)
• peak (15 min./day) -20°C (   -4°F) - +260°C (+500°F)

ambient temperature: • operation:     0°C (+32°F) - +  40°C (+104°F)
  (With higher or lower ambient temperatures there may be a need to
  restrict the allowed process temperatures.)
• transport: -20°C (  -4°F) - +  70°C (+158°F)

AirPurge: connectors available as standard
light source: incandescent tungsten lamp: 5,0 V DC, 775 mA
wave lengths: • AF16-V = 400 - 1100 nm

• AF16-N = 730 -   970 nm
• AF16-F = specific to application

detector: 1 hermetically sealed silicon photo-current cell
protection: optical housing made of stainless steel 1.4571 (SS 316 Ti)

all optical parts protected according to IP 65
options: • AF16-HT High-Temperature

• AF16-EX Ex-proof

» When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!
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3 Installation

3.1 Converter Model 126

The housing is designed for top hat-rail mounting to EN 50 022 (35 x 7,5 mm). The mounting of the con-
verter is carried out by using the attached mounting adapter on the backside. The converter will be
attached to the hat-rail from top and is fixed when snapped in. The distance to the cable should be at least
120 mm to guarantee easy mounting. For the specific dimensions of the additional housing for wall
mounting, please refer to the drawings in the appendix section (refer to paragraph 6.6).
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3 Installation

3.2 Sensor Model AF16 (AF16-HT)

The sensor must be installed in the process pipeline in such a way that the optical arms are in the
horizontal position (diagrams 1 and 2). An installation in the vertical plane (diagram 3) has to be avoided
because of sedimentation on the lower window which may cause error in the measurement. The second
reason is that an installation according diagram 3 may cause thermal problems depending on process and
ambient temperatures. During operation the sensor should always be completely full in order to eliminate
possible measurement errors (caused by air or gas bubbles). For the specific dimensions and weights
please refer to the tables in the appendix section (refer to paragraph 6.3 etc.).

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1948 of 2133



Page 10 optek Danulat GmbH  D-45143 Essen  Germany Instruction Manual 126-AF16 1-0.DOC

3 Installation

3.3 Field wiring schematic model 126/AF16  -  24 V AC/DC
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The system consists of two components, the converter type 126 and the sensor type AF16 which are
interconnected with two cables (max. 180 m / 591 ft). Concerning the sensor, it is impossible to cross
connect the cables, as different plugs are used. (9-pole on the detector side, 4-pole on the lamp side). The
detector cable is not compatible with former version cables of the X12-series with an 8-pole connector !!!

It is absolutely necessary to adjust the lamp voltage to correspond with the cable length (please
refer to paragraph 4.2).

Because the system of sensor and converter are calibrated together it is necessary to connect the
converter type 126 only with the appropriate sensor type AF16 (see serial-no.-label) :

Modell:         126 Modell:      AF16
Seriennr.:   XXXXX Seriennr.:   YYYYY

matched   YYYYY matched   XXXXX

Terminal connections:

•   1,   2,   5 detector cable to sensor
1 = white (A1) 2 = brown (A2) 5 = black (A5)

•   6,   7 lamp cable to sensor
6 = white or blue (6) 7 = brown (7)

•   8,   9 mA-output (4 - 20 mA) (8 + / 9 –)
• 10, 11, 12 alarm 1
• 13, 14, 15 alarm 2
• 16, 17, 18 lamp failure alarm, active
• 19, 20, 21 (L-N-PE) power supply 24 V AC/DC
•   3,   4 (2 x 5) not in use

Fuses 24 V AC/DC: 2 x SB 1,25 A

When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!

»
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3 Installation

3.4 Field wiring schematic range adjustment (126/AF16)

The model 126 is designed for remote range adjustment by I/Os of an interconnected PLC. There are 5
different ranges available which can be set according the following table.

Range A B C D
0 - 4,0 CU OFF OFF OFF OFF
0 - 3,0 CU + 24 V DC OFF OFF OFF
0 - 2,0 CU OFF + 24 V DC OFF OFF
0 - 1,0 CU OFF OFF + 24 V DC OFF
0 - 0,5 CU OFF OFF OFF + 24 V DC
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In case there is no remote range adjustment required or necessary there is also the possibility for a fixed
range setting by using the internal supply from connectors 27 and 28. Between terminals 27 and 28 there
are 24 V DC (limited at 25 mA) available. This power may only be used for the local range setting. To set
the converter for a fixed range terminal 26 has to be connected with terminal 27 and terminal 28 with the
approbriate input (A - D). It is not allowed to interconnect the converter´s inputs to a PLC and to the internal
supply of the system, because this may lead to malfunction of the converter.

range 0 - 4,0 CU - no wiring necessary

range 0 - 3,0 CU 22 <-> 28   and   26 <-> 27

range 0 - 2,0 CU 23 <-> 28   and   26 <-> 27

range 0 - 1,0 CU 24 <-> 28   and   26 <-> 27

range 0 - 0,5 CU 25 <-> 28   and   26 <-> 27

CAUTION:
While there is a 24 V signal (+ 19 V DC bis + 29 V DC) connected, the converter is working in the
approbriate range. If the PLC is turned down or in malfunction or if the cable is disconnected the
converter is automatically switched to the highest range (0 - 4 CU). If the 24 V signal is back and
also with every range adjustment, the system requires approx. 15 seconds to stabilize ! Inputs
which are turned down should have below 2,4 V DC, resp. below 0,6 mA !

The remote inputs are galvanically isolated - the current is pending on the voltage in use. With 19 V DC
there is a minimum of 5,1 mA and with 29 V DC there is a maximum of 19 mA. If the PLC in use requires
higher currents for internal control circuits, it is possible to connect a resistor (i.e. 2000 Ohm / 1 Watt)
parallel to the input.

It is not allowed to use any combination of the above described
settings to achieve different ranges !!! If more than one range is
activated the converter is in undefined position !!!

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1952 of 2133



Page 14 optek Danulat GmbH  D-45143 Essen  Germany Instruction Manual 126-AF16 1-0.DOC

4 Operation

4.1 Front panel model 126

Description:

  A terminal I   for detector cable
  B terminal II  for range adjustment
  C terminal III for power supply (fixed)
  D terminal IV for lamp cable, mA-output, relay-outputs

  1 potentiometer for zero adjustment
  2 LED (green), zero indicator
  3 code setter for alarm 1 in steps of 1 % of respective measuring range
  4 LED (red), alarm 1 indicator
  5 code setter for alarm 2 in steps of 1 % of respective measuring range
  6 LED (red), alarm 2 indicator
  7 main power switch ON/OFF
  8 fuse I  SB 1,250 A for 24 V AC/DC
  9 fuse II SB 1,250 A for 24 V AC/DC
10 LED (red), power on indicator
11 LED (red), lamp failure indicator
12 potentiometer for lamp voltage adjustment
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4 Operation

4.2 Lamp voltage adjustment (126/AF16)

Normally it is not necessary to change
the lamp voltage because the
instrument has already been factory
adjusted to the sensor and cable set
delivered with the converter. In case the
cable length was not specified in time
for shipment of the instrument, the lamp
voltage is always factory set to the
shortest possible cable length (5 m). An
adjustment of the lamp voltage to the
cable length is necessary to
compensate for voltage drop within the
cables. If the lamp voltage is too low,
incorrect measured values may occur. If
the lamp voltage is too high, the lifetime
of the lamp module may be reduced
considerably.

To realize longer cable lengths beside
the standard cable (1,5 mm²) a heavier
cable (2,5 mm²) is delivered with a cable
length from 110 m. If the cable length is
adjusted on site this has to be observed
when adjusting the lamp voltage.

The lamp voltage can be measured at
terminals 6 and 7 on the back panel of
the converter. The following lamp
voltages should be adjusted with
potentiometer (1) on the back panel with
respect to the installed cable lengths
(Values are only correct for original
cable sets!!!). Cable and lamp module
have to be connected for a minimum of
3 minutes before measuring the lamp voltage, because the instrument is adjusting the voltage pending on
the load.

Attention: other optek-sensors may require different lamp voltages !!!

cable lengths lamp voltage V DC
m ft. 1,5 mm² 2,5 mm²

    0     0 4,80
    5   16 4,90
  10   33 4,99
  15   49 5,09
  20   66 5,18
  25   82 5,28
  30   98 5,38
  35 115 5,47
  40 131 5,57
  45 148 5,66
  50 164 5,76
  60 197 5,95
  70 230 6,14
  80 262 6,34
  90 295 6,53
100 328 6,72
110 361 5,99
120 394 6,10
130 427 6,20
140 459 6,31
150 492 6,42
160 525 6,53
170 558 6,64
180 591 6,74

lamp voltage = 4,80 +
0,0192 / m

4,80 +
0,0108 / m

resistance = 12,8 Ohm /
1000 m

7,2 Ohm /
1000 m
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4 Operation

4.3 Zero adjustment (126/AF16)

During initial system start-up, preventive maintenance and after lamp replacement, the system's zero
should always be set. Prior to adjusting the zero, the following points must be checked:

a) the sensor and the windows must be clean.

b) the sensor must be filled with clean, particle-free water - or chosen zero solution.

c) no gas bubbles are present in the liquid.

d) no gas bubbles are present on the windows.

e) there is no direct light entering the sensor (in case there is, cover the cell).

f) wait at least 15 min. for the system to warm up.

Once the above conditions are met, the system's zero can be precisely adjusted by means of the
potentiometer (1, page 14) “zero“ at the front panel as follows:

Turn the potentiometer (1, page 14) with a screwdriver to the far right and then slowly to the left until the
green LED (2, page 14) “zero“ flashes. As long as this LED flashes, zero is adjusted to + 1 % of the actual
measuring range. If there is a requirement for more precise zero adjustment this procedure has to be
carried out in a smaller range (please refer to sections 3.4 and 4.4).

If it is not possible to adjust to zero, first check the sensor's contents, the windows, lamp, wiring and the
serial-no. of sensor and converter, then repeat the procedure. After replacing the detector module and / or
changing the optical path length it may happen in a few cases that it may be necessary to adjust the
internal working area of the converter prior to adjusting the zero.
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4 Operation

4.4 Range adjustment (126/AF16)

The model 126 is designed for remote range adjustment by I/Os of an interconnected PLC. In case there is
no remote range adjustment required or necessary there is also the possibility for a fixed range setting by
using the internal supply from connectors 27 and 28 (please refer to paragraph 3.4). There are 5 different
ranges available which can be set according the following table.

Range A B C D
0 - 4,0 CU OFF OFF OFF OFF
0 - 3,0 CU + 24 V DC OFF OFF OFF
0 - 2,0 CU OFF + 24 V DC OFF OFF
0 - 1,0 CU OFF OFF + 24 V DC OFF
0 - 0,5 CU OFF OFF OFF + 24 V DC

One CU is defined as the negative decade logarithm of the light intensity. Or in other words, an increase of
1 CU corresponds to an attenuation of the light source by 90 %. This gives the following table:

Measurement (CU) remaining light (%)
0,00 100,0
0,05 89,1
0,10 79,4
0,20 63,1
0,50 31,6
1,00 10,0
2,00 1,0
3,00 0,1
4,00 0,01
5,00 0,001
6,00 0,0001

To adjust the appropriate measuring range first set the instrument to the largest range (5 resp. 6 CU) to get
an information about the occuring measurement peaks. Now use the selector to adjust to the smallest
possible range where still all peaks are not leading to an overrange (i.e.: peak at 1.8 CU  =  range to 2 CU).

Sensors with specific detector modules (AF16-F) have sometimes a reduced dynamic range. Because the
optical filters are reducing the signal level there are typically only measurements up to 3 CU possible.
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4 Operation

4.5 Alarm adjustment (126/AF16)

a) setpoint adjustment:

There are two independant adjustable alarms available. The activation of the alarms is indicated by two red
LED's (4 and 5, page 14). The respective relay-outputs are available on terminals 10, 11, 12 for alarm 1
and on terminals 1, 14, 15 for alarm 2. The adjustment of the setpoints is carried out by code setter (3,
page 14) for alarm 1 and code setter (5, page 14) for alarm 2. With these code setters you are able to set
the alarms in 1% steps of the respective measuring range within 0-99 %. Since these alarms are activated
by integrators, their function is related to the process dynamics. A small (slow) increase will lead the above
setpoint to a delayed alarm. Respectively a large (fast) increase will cause an immediate alarm.

b) lamp failure alarm:

Lamp failure or a similar system failure is indicated through pick-up of the lamp failure relay on terminals
16, 17, 18 and indicated by the lamp failure LED (11, page 14). The resulting loss of the minimum signals
of the sensor will activate the two alarms and associated LED's (4 and 6, page 14). The lamp failure relay
is in active operation, this means that under normal conditions the lamp failure relay is activated. In case of
low lamp current (< appr. 360 mA) the lamp failure relay is deactivated in a fail-safe configuration. This
allows indication of lamp and power or system failure.

c) voltage-current contact ratings:

The manufacturer´s limits for the electrical strength of this relay contacts are not utilized. The intended use
of the relays is limited to voltages below 50 V AC or below 75 V DC in accordance with the low voltage
regulation (Directive 73/23/EWG).
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5 Start-up / Maintenance

5.1 Start-up (126/AF16)

basic rules:

1. Read the instruction manual before installation !!!

2. Only trained personel should be allowed to install !!!

3. If something is not clear - check before installation !!!

procedure
(referring to paragraphs in

this instruction manual)

initial
start-up

start-up
after
stop

start-up
after lamp

replacement
Read instruction manual !!! XXX XXX XXX
Check shipment to be complete as ordered XXX
Inspect parts for damage XXX
Install measuring cell (3.2/6.1/6.2/6.3/6.4/6.5) XXX
Check piping and connections for leakage XXX
Check windows for cleanliness XXX XXX
Install converter (3.1/6.3/6.6) XXX
Install cables (3.3/3.4/6.3/6.7) XXX
Connect cables (3.3/3.4/4.1/6.3/6.7) XXX
Connect power (3.3/4.1) XXX
Power up converter (4.1) XXX XXX XXX
Allow 15 min. to warm-up XXX XXX XXX
Adjust lamp voltage / cable length (4.1/4.2) XXX
Adjust instrument zero (4.1/4.3) XXX (XXX) XXX
Set measuring range (3.4/4.1/4.4) XXX
Set alarms (4.1/4.5) XXX
Note all settings (4.1/6.8) XXX (XXX) XXX
Check readings for correctness XXX XXX XXX
Allow measurement for control purpose XXX XXX XXX

When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!

»
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5 Start-up / Maintenance

5.2 Fault finding (126/AF16)

In the case of a system failure, the following should be checked:

a) connection failure:
It is impossible to cross connect the plugs on the sensor, as the lamp plug has four-poles and the detector
plug has nine poles. Therefore, the fault will only be found at the connection wiring to the converter. Please
check according to paragraph 3.3.

b) cable failure:
If a continuity check of the cables is performed and a failure of the cable or a broken connector is found,
replace only with new factory cable to ensure best possible results. It is highly recommended not to repair
cables or connectors !!!

• lamp cable: 6 (white or blue) <-> connector POLE 1
7 (brown) <-> connector POLE 4

• detector cable: A1 (white) <-> connector POLE 2 (measurement)
A2 (brown) <-> connector POLE 4 (measurement)
A5 (black) <-> connector POLE 7 (inner shield)

c) lamp failure:
In case the lamp circuit is broken (i.e. lamp failure = lamp current < approx. 360 mA) it is indicated through
pick-up of the lamp failure relay on terminals 16, 17, 18 and activating of the lamp failure LED (11, page
14). The procedure then is to loosen the four screws on the optical arm and to install a replacement lamp
module. This can be done on-line. (refer to paragraph 6.1).

• lamp module AF16 (AF16-HT) (PN: 2100-0202-02)

d) detector failure:
Both alarms are activated and zero adjustment (refer to paragraph 4.3) is no longer possible if the detector
circuit has failed. The procedure then is to loosen the four screws on the optical arm and to install a
replacement detector module. This can be carried out while on-line. (refer to paragraph 6.1).

• detector module AF16 (VIS) (PN: 2500-0106-00)
• detector module AF16 (NIR) (PN: 2500-0107-00)
• detector module AF16 (F) (PN: 2500-0108-00)

• detector module AF16-HT (VIS) (PN: 2500-0166-00)
• detector module AF16-HT (NIR) (PN: 2500-0167-00)
• detector module AF16-HT (F) (PN: 2500-0168-00)

e) window fouling:
Depending on the process conditions, fouling of the window surfaces may cause an erroneous reading. In
this case adequate cleaning is required. In most processes the use of sapphire windows may increase the
cleaning interval.
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f) window corrosion:
Depending on the process conditions and the selected window material (i.e. Pyrex®), corrosion on the
optical surfaces of the windows may occur which will cause an erroneous reading. In such cases the
existing windows should be replaced by sapphire windows.

g) condensation:
Due to low temperatures of the process medium, the temperature in the sensor housing drops below the
dew point of the air, thus resulting in a condensate deposit on the windows. In this case the sensor should
be equipped with the corresponding window rings with purge connections (refer to paragraph 6.5). For
start-up the two optical housings, lightly unscrewed, should be purged for about 10 min. with dry air (oil and
dust free). Then tighten the optical housings again and leave the purge connection in order to maintain a
light pressure (max. 0.1 bar) above atmospheric. The air consumption is minimum under this condition.

h) overranging:
If the measuring range has been exceeded due to process conditions, the next higher range should be
adjusted (refer to paragraph 3.4 and 4.4). If the system is already in the highest range it is possible to get a
working measurement by shortening the optical pathlength. This might be carried out by simply replacing
the windows.

Sensors with specific detector modules (AF16-F) have sometimes a reduced dynamic range. Because the
optical filters are reducing the signal level there are typically only measurements up to 3 CU possible. With
the AF16-F it may also be possible to get a working measurement by changing the measuring wavelength
(i.e. yellowness measurement changing from 430 nm to 525 nm).

i) mA-Signal:
If the mA-output is low at high readings, most probably the load of the analog loop is higher than 500
Ohms.

Results of the mA-output under certain conditions:

• no power supply 0 mA
• lamp breakdown 22 - 26 mA
• detector breakdown 22 - 26 mA
• reading <     0 % 2,2 - 4,0 mA
• reading =     0 % 4,0 mA
• reading =   80 % 16,8 mA
• reading = 100 % 20,0 mA
• reading > 100 % 20 - 26 mA

j) converter failure:
If none of the above mentioned failures can be traced, the complete system, converter and sensor, should
be returned for checking. If possible, leave the sightglass in-line and only send the optical arms.

When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!

»
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5 Start-up / Maintenance

5.3 Preventative maintenance (126/AF16)

The model 126/AF16 has been designed for operation virtually free of maintenance. Extensive quality
procedures in production such as checking every single part when received or a 7-day burn-in for electronic
components (including lamp modules) guarantees the very best reliability.

a) Parts in contact with the process medium
If the materials are well choosen for parts which are in contact with the process medium a periodic
check is normally not necessary. In most cases a check for leakage during the complete plant
survey is sufficient.

b) Detector module
The detectors utilized do not have any relevant aging which can be measured. Therefore
replacements / adjustments are not necessary.

c) Lamp module
The lamps are designed for a long service cycle. To even increase the lamp´s life it is operated
below its specifications (4.8 V DC instead of 5.0 V DC). Based on the experience of several
thousand installations, life cycles of more than 5 years are quite common. From statistics the
expected life time is approx. 3 years. (I.e.: heavy vibrations, high temperatures or frequent on/off-
switching of the system may reduce this timeframe). Depending on the individual importance of the
measurement, a preventive replacement of the lamp module is recommended after 1 to 2 years of
operation.

d) Cable
The cables in use do not have any relevant aging which can be measured if they are properly
installed and handled. Therefore replacements / adjustments are not necessary. In very few cases
there may occur a problem with isolation of the contacts due to humidity, oil or chemicals.
Therefore the contacts should be visually inspected for any coating (corrosion).

e) Converter
The converter including all parts do not have any relevant aging and are also fully functional with
varying ambient temperatures due the built-in stabilization.
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5 Start-up / Maintenance

5.4 Spare parts (126/AF16)

a) Lamp module / detector module (refer to paragraph 6.1)

(1 piece) AF16 AF16-HT AF16-EX AF16-EX-HT
Lamp module 2100-0202-02 2100-0252-02
Optic module 2300-0300-00 2300-0360-00 2300-0350-00 2300-0370-00
Detector module VIS 2500-0106-00 2500-0166-00 2500-0156-00 2500-0176-00
Detector module NIR 2500-0107-00 2500-0167-00 2500-0157-00 2500-0177-00
Detector module F
(Specify wavelength) 2500-0108-00 2500-0168-00 2500-0158-00 2500-0178-00

b) Windows (refer to paragraph 6.1/6.4)

(1 piece) type A
0 mm

type B
- 5 mm

type C
- 10 mm

type K
- 8,75 mm

Pyrex® 0410-0050-01 0410-0051-01 0410-0052-01 0410-0053-01
Sapphire 0410-0050-03 0410-0051-03 0410-0052-03 0410-0053-03

c) Gaskets (refer to paragraph 6.1)

(4 pieces) NBR Silicone Viton® EPDM (FDA) Kalrez®

  4,00 x 1,00 0208-4005-02
10,10 x 1,60 0208-4004-00 0208-4004-02
21,95 x 1,78 0208-4001-00 0208-4001-01 0208-4001-02 0208-4001-03 0208-4001-04
25,12 x 1,78 0208-4002-02
31,47 x 1,78 0208-4003-02

d) Screws (refer to paragraph 6.1/6.7)

(10 pieces) Stainless
Steel (316)

M 3 x   6 (DIN 7985) 0101-1001-03
M 3 x 12 (DIN 7985) incl.
washer M3 (DIN 7980) 0101-1002-03

M 4 x 10 (DIN 912) incl.
washer M 4 (DIN 7980) 0101-1003-03

M 5 x   6 (DIN 84) 0101-1004-03

e) Fuses (refer to paragraph 3.3)

(5 pieces) 24 V AC/DC
T 1,25 A

Power supply 0405-5032-00

Bold = Recommended spare parts for 2 -3 years of operation
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6 Appendix

6.1 Exploded view of sensor AF16 (AF16-HT)

Description:

  1 measuring cell
  2 „O“-ring (21,95 x 1,78 mm), Silicone (optional NBR, EPDM, Viton®, Kalrez®)
  3 windows, Pyrex® (optional Sapphire)
  4 „O“-ring (21,95 x 1,78 mm), Silicone (optional NBR, EPDM, Viton®, Kalrez®)
  5 window ring M24 x 1,5 AP, 1.4571 (316 Ti)

connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm)
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti)
  7 „O“-ring (25,12 x 1,78 mm), Viton®

  8 detector adapter AF16, 1.4571 (316 Ti)
  9 „O“-ring (31,47 x 1,78 mm), Viton®

10 optical housing (OP06), 1.4571 (316 Ti)
11 „O“-ring (21,95 x 1,78 mm), Viton®

12 detector module AF16
13 4 screws M3 x 6 (DIN 7985), 1.4571 (316 Ti)
14 „O“-ring (10,1 x 1,6 mm), Viton®

15 lamp adapter AF16, 1.4571 (316 Ti) with optic module AF16
16 lamp module AF16

Changes for sensor AF16-HT:

  8 detector adapter AF16-HT, PEEK
12 detector module AF16-HT
13 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti)
15 lamp adapter AF16-HT, PEEK, with optic module AF16-HT

Note: AF16-HT must be equipped with stainless steel plug protector (refer to paragraph 6.7).

Part-No.: refer to paragraph 5.4

When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!

»
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6 Appendix

6.2 Standard measuring cells AF16 (AF16-HT)

All specifications stated in this documentation are only valid for standard sensor bodies:

Process connection Material Design Line-size OPL A / A Part.-No.
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1/2“ 20 0100-1945-03
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1“ 20 0100-0104-03
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1“ 40 0100-1104-03
Pipe-Thread (female) (DIN ISO 228/1) 316 Ti / 1.4571 welded 1“ 20 0100-0103-03
Pipe-Thread (female) (DIN ISO 228/1) 316 Ti / 1.4571 welded 1“ 40 0100-1103-03
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1“ 20 0100-0102-03
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1“ 40 0100-1102-03
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1,5“ 30 0100-0302-03
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1,5“ 40 0100-1302-03
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 2“ 40 0100-0402-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 25 20 0100-0101-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 25 40 0100-1101-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 40 30 0100-0301-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 40 40 0100-1301-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 50 40 0100-0401-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 65 50 0100-0501-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 80 50 0100-0601-03
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 100 60 0100-0701-03
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1“ 20 0100-0106-03
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1“ 40 0100-1106-03
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1,5“ 30 0100-0306-03
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1,5“ 40 0100-1306-03
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 2“ 40 0100-0406-03
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 3“ 50 0100-0606-03
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 4“ 60 0100-0706-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 25 20 0100-0115-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 25 40 0100-1115-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 40 30 0100-0315-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 40 40 0100-1315-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 50 40 0100-0415-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 65 50 0100-0515-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 80 50 0100-0615-03
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 100 60 0100-0715-03
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/4“ 1 0100-1999-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/4“ 5 0100-1998-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/2“ 1 0100-2915-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/2“ 10 0100-1989-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 3/4“ 11 0100-1997-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 3/4“ 15 0100-1995-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 20 0100-2911-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 21 0100-2912-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 40 0100-2918-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 20 0100-2917-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 21 0100-1902-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 40 0100-1946-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 20 0100-2916-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 21 0100-1948-08
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 40 0100-2914-08

Attention: For measuring cells made from TFMC please refer to Product Information TFMC.
The specific data for any other measuring cell are supplied upon request.
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6 Appendix

6.3 Mounting dimensions and weights 126/AF16

a) weights (kg) of converter type 126

Model 24 V AC/DC Dimensions
126 H 1,2 kg refer to paragraph 3.1
126 B19-42-H 3,1 kg refer to paragraph 6.6
126 AVA 5,0 kg refer to paragraph 6.6

b) weights (kg / 10 m) of cable

5 - 150 m 160 - 250 m
Lamp cable 0,9 kg / 10 m 1,2 kg / 10 m
Detector cable 0,6 kg / 10 m

c) weights (kg) of sensor type AF16 (AF16-HT)

The data given on the next page

A = mounting height (in mm) (AF16  =  AF16-HT)
B = mounting length detector side (in mm) (AF16  =  AF16-HT)
C = mounting length lamp side (in mm) (AF16  =  AF16-HT)

D = weight (in kg) (AF16)
E = weight (in kg) (AF16-HT)

are only valid for the standard measuring cells as stated in paragraph 6.2!

When installing in hazardous areas (Ex-proof) by all means
observe the supplement manual 126/AF16-EX !!! - All deviations
from this manual are documented there !!!

»
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Standard measuring cells - dimensions and weights AF16 (AF16-HT)

Process connection Line-size OPL A / A Part.-No. A B C D E
NPT-Thread (female) (ASA B 2.1, 1960) 1/2“ 20 0100-1945-03   95 140 185   3,6   2,9
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 20 0100-0104-03   95 140 185   3,6   2,9
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 40 0100-1104-03   95 150 195   3,5   2,8
Pipe-Thread (female) (DIN ISO 228/1) 1“ 20 0100-0103-03   95 140 185   3,6   2,8
Pipe-Thread (female) (DIN ISO 228/1) 1“ 40 0100-1103-03   95 150 195   3,5   2,8
TriClamp (ISO 2852-1974, 7.1) 1“ 20 0100-0102-03   95 140 185   3,6   2,9
TriClamp (ISO 2852-1974, 7.1) 1“ 40 0100-1102-03   95 150 195   3,5   2,8
TriClamp (ISO 2852-1974, 7.1) 1,5“ 30 0100-0302-03 106 145 190   3,5   2,8
TriClamp (ISO 2852-1974, 7.1) 1,5“ 40 0100-1302-03 106 150 195   3,4   2,7
TriClamp (ISO 2852-1974, 7.1) 2“ 40 0100-0402-03   90 150 195   4,1   3,4
Sanitary Thread SC (DIN 11851) DN 25 20 0100-0101-03 106 140 185   3,6   2,9
Sanitary Thread SC (DIN 11851) DN 25 40 0100-1101-03 106 150 195   3,5   2,8
Sanitary Thread SC (DIN 11851) DN 40 30 0100-0301-03 106 145 190   3,7   3,0
Sanitary Thread SC (DIN 11851) DN 40 40 0100-1301-03 106 150 195   3,7   3,0
Sanitary Thread SC (DIN 11851) DN 50 40 0100-0401-03 125 150 195   4,5   3,8
Sanitary Thread SC (DIN 11851) DN 65 50 0100-0501-03 120 155 200   4,8   4,1
Sanitary Thread SC (DIN 11851) DN 80 50 0100-0601-03 225 155 200   5,1   4,4
Sanitary Thread SC (DIN 11851) DN 100 60 0100-0701-03 295 160 205   5,7   5,0
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 20 0100-0106-03 150 140 185   5,1   4,4
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 40 0100-1106-03 150 150 195   5,0   4,3
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 30 0100-0306-03 150 145 190   6,3   5,6
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 40 0100-1306-03 150 150 195   6,2   5,5
ASA-Flange (ASA B 16.5 150 lbs RF) 2“ 40 0100-0406-03 150 150 195   8,5   7,8
ASA-Flange (ASA B 16.5 150 lbs RF) 3“ 50 0100-0606-03 225 155 200 12,6 11,9
ASA-Flange (ASA B 16.5 150 lbs RF) 4“ 60 0100-0706-03 285 160 205 15,9 15,2
DIN-Flange (DIN 2633) DN 25 20 0100-0115-03 150 140 185   5,6   4,9
DIN-Flange (DIN 2633) DN 25 40 0100-1115-03 150 150 195   5,5   4,8
DIN-Flange (DIN 2633) DN 40 30 0100-0315-03 150 145 190   6,9   6,2
DIN-Flange (DIN 2633) DN 40 40 0100-1315-03 150 150 195   6,8   6,1
DIN-Flange (DIN 2633) DN 50 40 0100-0415-03 150 150 195   8,9   8,2
DIN-Flange (DIN 2633) DN 65 50 0100-0515-03 150 155 200 10,0   9,3
DIN-Flange (DIN 2633) DN 80 50 0100-0615-03 215 155 200 10,5   9,8
DIN-Flange (DIN 2633) DN 100 60 0100-0715-03 270 160 205 12,8 12,1
TriClamp (L 14 AM 7) 1/4“   1 0100-1999-08   96 130 175   3,3   2,6
TriClamp (L 14 AM 7) 1/4“   5 0100-1998-08   96 132 177   3,3   2,6
TriClamp (L 14 AM 7) 1/2“   1 0100-2915-08   96 130 175   3,5   2,8
TriClamp (L 14 AM 7) 1/2“ 10 0100-1989-08   96 135 180   3,6   2,9
TriClamp (L 14 AM 7) 3/4“ 11 0100-1997-08   96 135 180   3,9   3,2
TriClamp (L 14 AM 7) 3/4“ 15 0100-1995-08   96 137 182   3,9   3,2
TriClamp (L 14 AM 7) 1“ 20 0100-2911-08   96 140 185   4,3   3,6
TriClamp (L 14 AM 7) 1“ 21 0100-2912-08   96 140 185   4,3   3,6
TriClamp (L 14 AM 7) 1“ 40 0100-2918-08   96 150 195   5,1   4,4
TriClamp (L 14 AM 7) 1,5“ 20 0100-2917-08 106 140 185   4,1   3,4
TriClamp (L 14 AM 7) 1,5“ 21 0100-1902-08 106 140 185   4,1   3,4
TriClamp (L 14 AM 7) 1,5“ 40 0100-1946-08 106 150 195   4,9   4,2
TriClamp (L 14 AM 7) 2“ 20 0100-2916-08 112 140 185   3,6   2,9
TriClamp (L 14 AM 7) 2“ 21 0100-1948-08 112 140 185   3,6   2,9
TriClamp (L 14 AM 7) 2“ 40 0100-2914-08 112 150 195   4,6   3,9

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1966 of 2133



Page 28 optek Danulat GmbH  D-45143 Essen  Germany Instruction Manual 126-AF16 1-0.DOC

Appendix

6.4 Standard measuring cells - optical pathlengths AF16 (AF16-HT

Due to the modular concept of the sensors it is easy to change the optical pathlength (OPL) by changing
the windows used:

• be sure that the pipe is empty and pressure is released
• loosen the cable connectors (by hand)
• unscrew the optical arms (by hand)
• loosen the 4 screws (No. 6 in paragraph 6.1) using an allen wrench (SW3)
• replace the window(s) (No. 3 in paragraph 6.1)
• when assembling make absolutely sure that the „O“rings (No. 2 and No. 4 in paragraph 6.1) are
  exactly positioned in the groove to prevent breaking of the window.
• fasten the 4 screws crosswise (No. 6 in paragraph 6.1) using an allen wrench (SW3)

The optical pathlengths given in the table in paragraph 6.2 refer to the combination of two windows type
„A“. With different window combinations the following optical pathlengths can be achieved:

Window combination OPL (A/A) = X OPL (A/A) = 20 mm
A - A X 20,0 mm
A - B X -   5,0 mm 15,0 mm
A - C X - 10,0 mm 10,0 mm
B - B X - 10,0 mm 10,0 mm
B - C X - 15,0 mm   5,0 mm
C - C X - 20,0 mm not possible
K - K X - 17,5 mm   2,5 mm
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6 Appendix

6.5 Standard measuring cells - AirPurge AF16 (AF16-HT)

Due to low temperature of the process medium the dewpoint of the air inside the optical housing may be
reached and condensate will settle on the windows. For this case the sensor is equipped with special
window rings with AirPurge connectors. During start-up the two optical housings have to be slightly
unscrewed and dry air (no oil or dust) has to flow for approx. 10 minutes at max. 1 bar through the sensor.
Afterwards the optical arms have to be tightened again and the AirPurge stays connected to achieve a
small pressure (0,1 bar). In this case the air consumption is minimized.

AirPurge N: (Standard)
On the AF16 (AF16-HT) sensor, please use connections 3 and 4. The connectors 1 and 2 are not available
with this model.

AirPurge V:
In some special cases, i.e. when mounting the optical arms on a Varivent®-valve housing, it might be
necessary to use different optical housings. In this case please use connections 1 and 2 because 3 and 4
can not be reached and are internally sealed.

Upon delivery the AirPurge ports are sealed with a M5 x 6 (DIN 84) screw and sealed with an “O“-ring (4 x
1 mm). For installation of AirPurge, the two srew fittings for AirPurge connectors 4 mm ID tubing) must be
used.
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6 Appendix

6.6 Option: housings for model 126

optional housing B19-42-H:

material: plastic
protection: IP66 (NEMA 4X)
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6 Appendix

6.6 Option: housings for model 126

optional housing EVA:

material: 1.4301 (304.S.S.)
protection: IP65 (NEMA 4X)
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6 Appendix

6.7 Option: stainless steel plug protector AF16 (AF16-HT)

lamp side

detector side

Description:

  1 stainless steel optical housing, 1.4571 (316 Ti)
  2 „O“-ring (21,95 x 1,78 mm), Viton®

  3 connector for lamp or detector module
  4 stainless steel plug protector with cable
  5 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti)
  6 lamp or detector cable

For better protection of the cable joints at the sensor, loom of cables may optionally be furnushed with
stainless steel plugs (1.4571 / 316 Ti) being compatible with the standard plugs. Stainless steel plug
protection is standard with AF16-HT and AF16-EX sensors.

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1971 of 2133



Instruction Manual 126-AF16 1-0.DOC optek Danulat GmbH  D-45143 Essen  Germany Page 33

6 Appendix

6.8 Documentation of installation

Applications:

Place of installation: TAG-No.:

Operator: Phone:

Model: Delivered:

Serial No. Converter: Serial No. Sensor:

Process connection: Line size:

Material: Gaskets:

Windows: Optical Pathlength (OPL):

Meas. wavelength: Ex-Proof:

Standard Set-up:

Range:

Alarm I:

Alarm II:

Notes:
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6 Appendix

6.9 Summary "Inline-Photometry"

VIS/NIR - measuring systems
Concentration

(absorption)

Color

(selective absorption)

Turbidity

(scattered light)

1 - Beam

Instruments:

Remote:

Detectors:

116 / AF16 V
116 / AF16 N
126 / AF16 V
126 / AF16 N

156 / AF56 N

116 / AF16 F

126 / AF16 F

156 / AF56 F

2 - Beam

Instruments:

Detectors:

116 / AF26
316 / AF26

•

516 / TF16

556 / TF56

UV - measuring systems
• 254 nm
• 280 nm
• 290 nm
• 300 nm
• 313 nm

Instruments: 116 / AF44 316 / AF45 316 / AF46
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7 Certificates

7.1 optek-Danulat GmbH „EC-Declaration of Conformity“

EC-Declaration of Conformity

We optek-Danulat GmbH

Address
Haedenkampstr. 18
D-45143 Essen
Germany

declare under sole responsibility that the products

Description
instruments X16 series
instruments X26 series
detectors X56 series

Type, Model, Article-No.
116/AF16, 116/AF26, 116/AF44, 126/AF16, 156/AF56
316/AF26, 316/AF45, 316/AF46
516/TF16, 556/TF56

fullfil the requirements of the standards
EN 61 010-1 1993-04
EN 50 081-1 1992-01
EN 50 081-2 1993-08
EN 50 082-1 1992-01
prEN 50 082-1 1994-08
EN 50 082-2 1995-03
ENV 50 140 1993-08
ENV 50 141 1993-08
ENV 50 142 1993-08
prEN 61 000-4-2 1995-05
prEN 61 000-4-4 1995-05
prEN 61 000-4-5 1995-03
DIN EN 61 000-4-11 1995-04

and therefore correspond to the regulations of the following EC-Directives:

EC-Directives:
73/23/EWG
89/336/EWG
93/68/EWG

Place and date of issue: Essen, July 1, 1997

Signature of authorized person:

Stephan Danulat

This declaration corresponds to EN 45 014
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to: optek-Danulat GmbH
Haedenkampstr. 18 Phone: (++49) 201 / 63 40 90
45143 Essen(GERMANY) Fax: (++49) 201 / 63 40 911

                                                                                                                                                                         
from: Company:
                                                                                                                                                                                                   

Name:
                                                                                                                                                                                                   

Department:
                                                                                                                                                                                                   

Street:
                                                                                                                                                                                                   

ZIP-Code / City:
                                                                                                                                                                                                   

Phone :
                                                                                                                                                                                                   

Fax:
                                                                                                                                                                                                   

Dear Sirs,

Please forward the following information to the responsible manager.

O I am interested in Inline-Photometry - please keep me informed.

O The following colleague in our company may be interested in Inline-Photometry:

name:                                                                                                                                        

department:                                                                                                                                        

phone:                                                                                                                                        

O I am interested in the following application:

                                                                                                                                                                     

                                                                                                                                                                     

                                                                                                                                                                     

O We are already using your equipment - model:                                                                                           

O We are using another manufacturer:                                                                                           

O Please call me.
                                                                                                                                                                                                   

I found the instruction manual for model                                                                                           

good O O O O O not good

I suggest following improvements:                                                                                           

                                                                                                                                                                                    

                                                                                                                                                                                    

Best regards

Date / Signature

Fax-Reply
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Supplement-Manual EX (EN-A) – Version 1.1
126/AF16-EX

Preface
This instruction manual is written in such a way that all necessary information is given to provide correct
practice and trouble-free operation.

It is explicitly pointed out that no responsibility is accepted in case of loss or damage however caused on
the use of this instruction manual and the included description of the products.

Due to reasons of printing technique, the following illustrations correspond only roughly to the true appea-
rance of the products. This instruction manual is protected by copyright. However, the user may produce
copies and translations as required for the correct operation of the products.

On request this instruction manual is available in different languages and also can be supplied on CD
(Microsoft  WORD)

Our products are under constant development - technical data is subject to change without notice.

Essen, May 1998

For further information please contact or your local agent

optek-Danulat GmbH
Haedenkampstraße 18
D-45143 Essen
Telefon ++49 - (0)201 - 63 40 90
Telefax ++49 - (0)201 - 63 40 911

Geschäftsstelle Südwest - Mainz
Telefon ++49 - (0)6131 - 58 20 15
Telefax ++49 - (0)6163 - 50 40 26

Technisch Adviesbureau NL - Utrecht
Telefon ++31 - (0)30 - 276 91 98
Telefax ++31 - (0)30 - 272 08 58

optek-Danulat, Inc.
279 South 17th Avenue, Suite # 10
West Bend, WI 53095-3001, USA
Telefon ++1 - 414 - 335 - 42 88
Telefax ++1 - 414 - 335 - 42 99

INTERNET: http://www.optek.com
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Supplement-Manual EX (EN-A) – Version 1.1
126/AF16-EX

Supplement Manual EX (EN-A) - Version 1.1
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2 Technical data (Deviations from standard manual)
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3.1 General installation notes 12
3.2 Installation drawing 126/AF16-EX (EN-A) 13
3.3 Mounting of safety barrier 15
4 Maintenance
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This supplement manual is for use
only in addition to the standard
manual !!!
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Supplement-Manual EX (EN-A) – Version 1.1
126/AF16-EX

1 Explosion protection concept
Generally, the explosion protected instruments 126/AF16-EX and 126/AF16-EX-HT are applied in such a
way that the sensor is installed within the hazardous location

Zone 1 (hazardous explosive atmosphere can exist under normal operating conditons, or
may exist frequently because of maintenance operations or leakage)

Zone 2 (hazardous explosive atmosphere occures not often and if at all only for short
periods of time due to a fault or some unusual operating conditions)

and the converter is mounted in a safe area (e.g. in the control room). Therefore, the following explanations
deal exclusively with the explosion protection of the sensor.

Due to the modular design of the optek sensors, the lamp arm and the detector arm represent two distinct
electrical apparatus. Therefore, with respect to explosion protection one has to distinguish between circuits
which lead into the lamp arm and those which lead into the detector arm.

a) Lamp arm

The lamp module is built into a stainless steel flame-proof housing manufactured by the company R.
STAHL Schaltgeräte GmbH, Künzelsau. This flameproof housing is certified by PTB (Physikalisch-
Technische Bundesanstalt, Braunschweig) for type of protection „d“ according to the european
standards EN 50014 and EN 50018. The flameproof housing is approved for:

EEx d IIC T6

b) Detector arm

The detector module contains photodiodes as the only active components. These photodiodes cannot
generate or store more than 1.2 V, 0.1 A, 25 mW or 20 J.. They meet the criteria for „simple
apparatus“ as defined in EN 50014/03.77 section 1.3. According to EN 50020 1994, section 3.11, 5.4
simple apparatus do not require to be approved or to have special marking.

c) Safety barrier

The circuits into the detector arms are designed as intrinsically safe circuits. The energy in these
circuits is limited by the safety barriers to prevent ignition. The type of safety barrier in use is approved
by PTB for type of protection „I“ according to the european standards EN 50014 and EN 50020. The
safety barrier is approved for intrinsically safe connections

EEx ia IIC and EEx ia IIB
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Supplement-Manual EX (EN-A) – Version 1.1
126/AF16-EX

Among others the models 126/AF16-EX and 126/AF16-EX-HT fulfill the following regulations:

• The regulations of the European Directive for electromagnetic compatibility (EMC) are met -
in a lot of these tests our instruments are even much better. Therefore our instruments are labeled
with the CE-mark.

• The regulations of the European Directive for technical equipment are met. The tests
according to EN 61010-1 also cover the requirements of the low voltage regulation which is due
from January 1st, 1997.

There are more details available on request.

Precision in Perfection     -     certified !
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Supplement-Manual EX (EN-A) – Version 1.1
126/AF16-EX

2 Technical Data

2.1 Converter model  126

Deviations form the standard manual

1. The connection of the converter should be done in accordance with the installation drawings
H0.009.0A.
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Supplement-Manual EX (EN-A) – Version 1.1
126/AF16-EX

2 Technical Data

2.2 Sensor models AF16-EX, AF16-EX-HT

Deviations form standard manual

The maximum allowed process temperature depends on the ambient temperature and on the temperature
class:

1. temperature class AF16-EX:
T-class ambient temperature process temperature

T4 (135°C / 275°F) -20°C - +40°C (-4°F - +104°F) -20°C - +120°C (-4°F - +248°F)
T4 (135°C / 275°F) -20°C - +50°C (-4°F - +122°F) -20°C - +110°C (-4°F - +230°F)
T4 (135°C / 275°F) -20°C - +60°C (-4°F - +140°F) -20°C - +100°C (-4°F - +212°F)

2. temperature class AF16-EX-HT:
T-class ambient temperature process temperature

T4 (135°C / 275°F) -20°C - +40°C (-4°F - +104°F) -20°C - +120°C (-4°F - +248°F)
T4 (135°C / 275°F) -20°C - +50°C (-4°F - +122°F) -20°C - +110°C (-4°F - +230°F)
T4 (135°C / 275°F) -20°C - +60°C (-4°F - +140°F) -20°C - +100°C (-4°F - +212°F)
T3 (200°C / 392°F) -20°C - +40°C (-4°F - +104°F) -20°C - +180°C (-4°F - +356°F)
T3 (200°C / 392°F) -20°C - +50°C (-4°F - +122°F) -20°C - +160°C (-4°F - +320°F)
T3 (200°C / 392°F) -20°C - +60°C (-4°F - +140°F) -20°C - +140°C (-4°F - +284°F)
T2 (300°C / 572°F) -20°C - +40°C (-4°F - +104°F) -20°C - +240°C (-4°F - +428°F)
T2 (300°C / 572°F) -20°C - +50°C (-4°F - +122°F) -20°C - +220°C (-4°F - +392°F)
T2 (300°C / 572°F) -20°C - +60°C (-4°F - +140°F) -20°C - +200°C (-4°F - +356°F)

3. Allowed process temperature (max. 15 min./day), if no Ex-proof is required:
ambient temperature EX EX-HT

-20°C - +40°C (  -4°F - +104°F) -20°C - +150°C (-4°F - +302°F) -20°C - +260°C (-4°F - +500°F)
-20°C - +50°C (  -4°F - +122°F) -20°C - +140°C (-4°F - +284°F) -20°C - +240°C (-4°F - +464°F)
-20°C - +60°C (  -4°F - +140°F) -20°C - +130°C (-4°F - +266°F) -20°C - +220°C (-4°F - +428°F)

4. Allowed process temperature (max. 30 min./day), if no Ex-proof is required:
ambient temperature EX EX-HT

-20°C - +40°C (  -4°F - +104°F) -20°C - +140°C (-4°F - +284°F) -20°C - +250°C (-4°F - +482°F)
-20°C - +50°C (  -4°F - +122°F) -20°C - +130°C (-4°F - +266°F) -20°C - +230°C (-4°F - +446°F)
-20°C - +60°C (  -4°F - +140°F) -20°C - +120°C (-4°F - +248°F) -20°C - +210°C (-4°F - +410°F)

All above mentioned data are only valid under the following conditions:
• The free air circulation is not hindered around the lamp housing and the detector housing.
• The sensor has to be installed in a vertical pipe.
• The sensor has to be installed in such a way that the optical arms are oriented horizontally.
• The heat transfer to the sensor is only related to the process temperature.
• There is no icing on the sensor.
• Appropriate material of sensor body and gaskets is in use.
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2 Technical Data

2.3 Safety description

a) Flameproof housing for the lamp:

Manufacturer:
R. STAHL Schaltgeräte GmbH, Künzelsau, Germany

Type:
8011/21-S05

Description:
Flameproof housing made from stainless steel, with front window and ½“ NPT conduit connection.
2 m connecting cable with equipment grounding conductor, non-rewirable.

Explosion protection marking:
EEx d IIC T6
(according to PTB Nr. Ex-85/1016, dated 12. March 1985)

Maximum temperature in the window area of the flameproof housing is 119°C under the
following conditions:

• The temperature class T6 is not required.
• The free air circulation at the flameproof housing is not hindered and.
• The ambient temperature (Tamb.) does not exceed 40°C.
• The optical axis of the flameproof housing is horizontal.
• The hea transfer to the flameproof housing is only related to the process temperature.

The corresponding temperature class grouping is listed in section 2.2.

b) Converter 126:

Manufacturer:
optek-Danulat GmbH, Essen, Deutschland

Type:
126

Description:
Converter for the direct connection of non explosion protected sensors, or for indirect connection of
explosion protected sensors with safety barriers.

Explosion protection marking:
None

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 1983 of 2133



EX-Proof EN-A 126/AF16-EX 1-0.DOC optek Danulat GmbH  D-45143 Essen  Germany Page 9

Supplement-Manual EX (EN-A) – Version 1.1
126/AF16-EX

c) Safety barrier:

Manufacturer:
R. STAHL Schaltgeräte GmbH, Künzelsau, Deutschland

Type:
9002/22-093-300-00

Description:
AC voltage dual channel safety barrier for connection of a floating detector circuit.  Starconnection
with Zener diode voltage limitation and current limiting resistors.(Safety barriers supplied by optek
have very low leakage current).

Explosion protection marking:
EEx ia IIC and EEx ia IIB
(according to PTB Nr. 91.C.2045X, dated 28.June 1991)

Safety description:
Maximum entity parameters between terminals 3 and 4 of the safety barrier with one and two fault
conditons.

Ambient temperature Tamb 40°C
Maximum voltage Umax.: 9.3 V
Short circuit currentr IK: 300 mA

Grouping II C II B
Max. allowable capacitance Ca: 5.0 F 45 F
Max allowable inductance La: 200 μH 1800 μH

d) Intrinsically safe circuits

The intrinsically safe circuits consist of the respective part in the detector arm and its cable to the safety
barrier. The data are given for the intrinsically safe circuit, with the barrier connected to terminals A1,A2,A5.
The data are valid for sensor versions EX and EX HT. Data for Ci and Li refer to the circuits in the detector
arms, the data for Ccable and Lcable cover cable lengths for the system of up to 230 m (755 ft.) for group IIC
and of up to 1000 m (3280 ft.) for group IIB.

Detector
circuit

Module
Ci

Cmax
=Ci+Ccable
incl. 230 m

Cmax
=Ci+Ccable
incl. 1000 m

Module
Li

Lmax
=Li+Lcable
incl. 230 m

Lmax
=Li+Lcable
incl. 1000 m

AF16-EX 140 nF 232 nF 540 nF 5 H 200 H 855 H

Die resulting values for Cmax. and Lmax. are below the permitted values Ca und La of the safety
barrierr.
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The corresponding temperature class grouping is listed in section 2.2., it is based on section 6.2.4
in EN 50020 08/1994, BVS 96.D.2038 and internal tests.

e) Cable:

Only cable according to optek's specifications may be used. The safety relevant parameters
Ccable and Lcable for the intrinsically safe circuits are listed in the installation drawings. Shielding
and isolation resistance (> 2000 M /km) of the cable are essential for the operation of the
measuring system.

f) Electrical connection:

Both the flameproof housing for the lamp and the detector housing are provided with connecting
cables fixed to the respective housing (length 2 m).

g) Measuring cell:

All standard measuring cells - including those made of the plastic material TFMC - are electrically
conductive. The measuring cells made of TFMC have a specific bulk resistance of 1000 Ohm x cm
and a surface resistance of 1000 Ohm according to DIN 53 482 to realize protection against
ignition by electrostatic discharge (ESD protection).

h) Combination with option “HT” (high temperature):

The corresponding temperature class grouping is listed in section 2.2.

The high temperature sensor version (EX-HT) may require an additional grounding of the detector
housing to derive electrostatic charge (ESD protection).
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2.4 Marking
The marking of the systems is illustrated below with model 126/AF16-EX-HT as an example. The type
plates for the converter and sensor show in the last line the matching serial number.

A0.153.0A1.LC02.WMF
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3 Installation

3.1 General installation notes

We explicitly point out that the instructions and conditions listed in the Certificates of compliance
must be observed. Also, all respective national and local installation and operation regulations
must be observed as well.

Additionally, we give the following instructions:

1.) The sensor has to be installed in such a way that the optical arms are oriented horizontally.

2.) The temperature limits according to section 2.2 may not be exceeded

3.) All data regarding the temperature classes are only valid under the following conditions:
• The free air circulation is not hindered around the lamp housing and the detector housing.
• The sensor has to be installed in a vertical pipe.
• The sensor has to be installed in such a way that the optical arms are oriented horizontally.
• The heat transfer to the sensor is only related to the process temperature.
• There is no icing on the sensor.
• Appropriate material of sensor body and gaskets is in use.

4.) Connection boxes and conduit seals for the lamp cable have to be in accordance with the local
regulations, they are not in the scope of delivery by optek.

5.) Connection boxes for intrinsically safe circuits have to be in accordance with the local regulations,
they are not in the scope of delivery by optek.

6.) The clearance between separate intrinsically safe circuits in one connection box has to be more
than 6 mm.

7.) On the high temperature version, the intermediate parts made from non metallic materials which
thermally isolate the lamp housing and the detector housing from the measuring cell, have to be
provided with the warning

“Attention! Danger of electrostatic charge! Clean only with a wet cloth.”

if their accessible surface is 100 cm2 or more.

8.) The protective earth terminal of the safety barrier type 9002/22-093-300-00 has to be connected to
the corresponding grounding terminals in the potentially hazardous area via an equipotential
bonding conductor.
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3 Installation

3.2 Installation drawing 126/AF16- EX (EN-A)

H0.009.0A1LC02.WMF

See additional information regarding the installation drawing on next page.
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Installation notes 126/AF16-EX

The system consists of two components, the converter type 126 and the sensor type AF16-EX or type
AF16-EX-HT, which are interconnected with two cables. The detector cable is not compatible with earlier
delivered cables of the X12-series!!!
It may be connected the 115/230 V AC or the 24 V AC/DC version of the converter type 126. It is not
permitted to connect any apparatus with more than 250 V AC or 353,5 V DC to the converter.
The maximum cable length is 1000 m / 3280 ft.. Resistance, inductance and capacitance of the circuits
change with the cable length. Consequently, the intrinsically safe circuit with cable length up to 230 m / 755
ft. is permitted for gas group IIC. With longer cables the installation is permitted only in hazardous locations
with gas group IIB. The voltage drop across the lamp cable requires a reduction of the cable resistance
with cable length above 100 m / 328 ft.. The data for the cross sections in the installation drawing are for
guidance only.
The lamp voltage at the working sensor should be 4,80 V DC. It is absolutely necessary to adjust
the lamp voltage with respect to the cable length (please refer to paragraph 4.3 in the standard
manual).
It is recommended to connect the lamp cable (2 m / 6,5 ft.) with flexible, removable conduit if possible, as
the lamp housing must be unscrewed for lamp replacement (see section 4.1).
Terminal boxes for intrinsically safe circuits as well as conduit seals and terminal boxes for the conduit are
not in the scope of delivery by optek.

The converter type 126 needs to be connected to the associated sensor type AF16-EX or sensor
type AF16-EX-HT (see serial-no. on type plates), as both parts of the system are calibrated together.

Terminal connections:

•   1,   2,   5 detector cable to sensor
1 = white (A1) 2 = brown (A2) 5 = black (A5)

•   6,   7 lamp cable to sensor
6 = white or blue (6) 7 = brown (7)

•   8,   9 mA-output (8 + / 9 –)
• 10, 11, 12, alarm 1
• 13, 14, 15, alarm 2
• 16, 17, 18 lamp failure alarm, active
• 19, 20, 21 L, N, PE, power supply 115 / 230 V AC (OPTION: 24 V AC/DC)
• 22, 23, 24,25, 26 remote inputs 19-29 VDC (from SPC)
• 27, 28 24 VDC output (operation without SPC)
•   3,   4,   2 x 5 not in use

Fuses for 24 V AC/DC: 2 x SB 1,25 A (already installed at factory)
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3 Installation

3.3 Mounting of safety barrier

The safety barrier type 9002/22-093-300-00 gets mounted on top hat rail acc. to EN 50 022.

Snap on Take down

Top hat rail acc. to EN 50 022.

Dimensions: L x W x H = 104 x 12,5 x 70 mm.

A labelling strip is supplied with each package.

Refer to the installation notes from the manufacturer of the barrier! The protective
earth terminal of the safety barrier has to be connected to the corresponding
grounding terminals in the potentially hazardous area via an equipotential bonding
conductor.
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4 Maintenance

4.1 Lamp replacement models AF16-EX, AF16-EX-HT

Description:

  1 window side of the flameproof housing
  2 lamp module
  3 „O“-ring (10,1 x 1,6 mm), NBR
  4 lamp plug
  5 „O“-ring (32,0 x 2,0 mm), NBR
  6 connection cable
  7 locking screw
  8 cover of the flameproof housing
  9 locking strap
10 4 notches for the locking strap

The flexible conduit with ½“ NPT-thread is not shown, as it had to be removed prior to opening the housing.

Replacement of the lamp module:

The flame-proof housing for the lamp module is protected against opening without tools by a locking strap
(9). It inserts into one of the notches (10). By unscrewing the locking screw (7) situated in the cover of the
housing, this strap can be loosened. Push it up, and the housing can easily be unscrewed. Loosen the
knurled nut at the lamp plug (4), and take out the lamp module (2). On reassembly, make sure that the
locking strap (9) inserts into one of the notches (10) while tightening the locking screw (7).

Replacement lamp modules:

• AF16-EX (AF16-EX-HT) PN: 2100-0252-02
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5 Appendix

5.1 Exploded view of sensor AF16-EX, AF16-EX-HT

Description:

  1 measuring cell
  2 „O“-ring (21,95 x 1,78 mm), Silicone (optional NBR, EPDM, Viton®, Kalrez®)
  3 windows, Pyrex® (optional Sapphire)
  4 „O“-ring (21,95 x 1,78 mm), Silicone (optional NBR, EPDM, Viton®, Kalrez®)
  5 window ring M24 x 1,5 AP, 1.4571 (316 Ti)

connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with „O“-ring, Viton® 4 x 1 mm)
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti)
  7 „O“-ring (25,12 x 1,78 mm), Viton®

  8 detector adapter AF16, 1.4571 (316 Ti)
  9 „O“-ring (31,47 x 1,78 mm), Viton®

10 optical housing (OP06), 1.4571 (316 Ti)
11 „O“-ring (21,95 x 1,78 mm), Viton®

12 detector module AF16-EX
13 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti)
14 stainless steel plug protector
15 detector cable (fixed), 2 m, blue
16 lamp adapter AF16, 1.4571 (316 Ti) with optic module AF16-EX
17 flame proof housing (EEx d) with lamp module AF16-EX
18 lamp cable (fixed), 2 m, grey

Changes for sensor AF16-EX-HT:

  8 detector adapter AF16-HT, PEEK
12 detector module AF16-EX-HT
16 lamp adapter AF16-EX-HT, PEEK, with optic module AF16-EX-HT
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5 Appendix

5.2 Standard measuring cells - mounting dimensions and weights AF16-EX,
AF16-EX-HT

A = mounting height (in mm) (AF16-EX  =  AF16-EX-HT)
B = mounting length detector side (in mm) (AF16-EX  =  AF16-EX-HT)
C = mounting length lamp side (in mm) (AF16-EX  =  AF16-EX-HT)
D = weight (in kg) (AF16-EX)
E = weight (in kg) (AF16-EX-HT)

Process connection Line-size OPL A / A Part.-No. A B C D E
NPT-Thread (female) (ASA B 2.1, 1960) 1/2“ 20 0100-1945-03   95 140 285   4,3   3,6
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 20 0100-0104-03   95 140 285   4,3   3,6
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 40 0100-1104-03   95 150 295   4,2   3,5
Pipe-Thread (female) (DIN ISO 228/1) 1“ 20 0100-0103-03   95 140 285   4,3   3,6
Pipe-Thread (female) (DIN ISO 228/1) 1“ 40 0100-1103-03   95 150 295   4,2   3,5
TriClamp (ISO 2852-1974, 7.1) 1“ 20 0100-0102-03   95 140 285   4,3   3,6
TriClamp (ISO 2852-1974, 7.1) 1“ 40 0100-1102-03   95 150 295   4,2   3,5
TriClamp (ISO 2852-1974, 7.1) 1,5“ 30 0100-0302-03 106 145 290   4,2   3,5
TriClamp (ISO 2852-1974, 7.1) 1,5“ 40 0100-1302-03 106 150 295   4,1   3,4
TriClamp (ISO 2852-1974, 7.1) 2“ 40 0100-0402-03   90 150 295   4,8   4,1
Sanitary Thread SC (DIN 11851) DN 25 20 0100-0101-03 106 140 285   4,3   3,6
Sanitary Thread SC (DIN 11851) DN 25 40 0100-1101-03 106 150 295   4,2   3,5
Sanitary Thread SC (DIN 11851) DN 40 30 0100-0301-03 106 145 290   4,4   3,7
Sanitary Thread SC (DIN 11851) DN 40 40 0100-1301-03 106 150 295   4,4   3,7
Sanitary Thread SC (DIN 11851) DN 50 40 0100-0401-03 125 150 295   5,2   4,5
Sanitary Thread SC (DIN 11851) DN 65 50 0100-0501-03 120 155 300   5,5   4,8
Sanitary Thread SC (DIN 11851) DN 80 50 0100-0601-03 225 155 300   5,8   5,1
Sanitary Thread SC (DIN 11851) DN 100 60 0100-0701-03 295 160 305   6,4   5,7
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 20 0100-0106-03 150 140 285   5,8   5,1
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 40 0100-1106-03 150 150 295   5,7   5,0
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 30 0100-0306-03 150 145 290   7,0   6,3
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 40 0100-1306-03 150 150 295   6,9   6,2
ASA-Flange (ASA B 16.5 150 lbs RF) 2“ 40 0100-0406-03 150 150 295   9,2   8,5
ASA-Flange (ASA B 16.5 150 lbs RF) 3“ 50 0100-0606-03 225 155 300 13,3 12,6
ASA-Flange (ASA B 16.5 150 lbs RF) 4“ 60 0100-0706-03 285 160 305 16,6 15,9
DIN-Flange (DIN 2633) DN 25 20 0100-0115-03 150 140 285   6,3   5,6
DIN-Flange (DIN 2633) DN 25 40 0100-1115-03 150 150 295   6,2   5,5
DIN-Flange (DIN 2633) DN 40 30 0100-0315-03 150 145 290   7,6   6,9
DIN-Flange (DIN 2633) DN 40 40 0100-1315-03 150 150 295   7,5   6,8
DIN-Flange (DIN 2633) DN 50 40 0100-0415-03 150 150 295   9,6   8,9
DIN-Flange (DIN 2633) DN 65 50 0100-0515-03 150 155 300 10,7 10,0
DIN-Flange (DIN 2633) DN 80 50 0100-0615-03 215 155 300 11,2 10,5
DIN-Flange (DIN 2633) DN 100 60 0100-0715-03 270 160 305 13,5 12,8
TriClamp (L 14 AM 7) 1/4“   1 0100-1999-08   96 130 275   4,0   3,3
TriClamp (L 14 AM 7) 1/4“   5 0100-1998-08   96 132 277   4,0   3,3
TriClamp (L 14 AM 7) 1/2“   1 0100-2915-08   96 130 275   4,2   3,5
TriClamp (L 14 AM 7) 1/2“ 10 0100-1989-08   96 135 280   4,3   3,6
TriClamp (L 14 AM 7) 3/4“ 11 0100-1997-08   96 135 280   4,6   3,9
TriClamp (L 14 AM 7) 3/4“ 15 0100-1995-08   96 137 282   4,6   3,9
TriClamp (L 14 AM 7) 1“ 20 0100-2911-08   96 140 285   5,0   4,3
TriClamp (L 14 AM 7) 1“ 21 0100-2912-08   96 140 285   5,0   4,3
TriClamp (L 14 AM 7) 1“ 40 0100-2918-08   96 150 295   5,8   5,1
TriClamp (L 14 AM 7) 1,5“ 20 0100-2917-08 106 140 285   4,8   4,1
TriClamp (L 14 AM 7) 1,5“ 21 0100-1902-08 106 140 285   4,8   4,1
TriClamp (L 14 AM 7) 1,5“ 40 0100-1946-08 106 150 295   5,6   4,9
TriClamp (L 14 AM 7) 2“ 20 0100-2916-08 112 140 285   4,3   3,6
TriClamp (L 14 AM 7) 2“ 21 0100-1948-08 112 140 285   4,3   3,6
TriClamp (L 14 AM 7) 2“ 40 0100-2914-08 112 150 295   5,3   4,6
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6 Certificates

6.1 optek-Danulat GmbH „EC-Declaration of Conformity“

EC-Declaration of Conformity

We optek-Danulat GmbH

Address
Haedenkampstr. 18
D-45143 Essen
Germany

declare under sole responsibility that the products

Description
instruments X16 series
instruments X26 series
detectors X56 series

Type, Model, Article-No.
116/AF16, 116/AF26, 116/AF44, 126/AF16, 156/AF56
316/AF26, 316/AF45, 316/AF46
516/TF16, 556/TF56

fullfil the requirements of the standards
EN 61 010-1 1993-04
EN 50 081-1 1992-01
EN 50 081-2 1993-08
EN 50 082-1 1992-01
prEN 50 082-1 1994-08
EN 50 082-2 1995-03
ENV 50 140 1993-08
ENV 50 141 1993-08
ENV 50 142 1993-08
prEN 61 000-4-2 1995-05
prEN 61 000-4-4 1995-05
prEN 61 000-4-5 1995-03
DIN EN 61 000-4-11 1995-04

and therefore correspond to the regulations of the following EC-Directives:

EC-Directives:
73/23/EWG
89/336/EWG
93/68/EWG

Place and date of issue: Essen, July 1, 1997

Signature of authorized person:

Stephan Danulat

This declaration corresponds to EN 45 014
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7 EX-Certificates

7.1 Flame proof housing (PTB)
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Preface 
 
This instruction manual is written in such a way that all necessary information is given to provide correct 
practice and trouble-free operation. 
 
It is explicitly pointed out that no responsibility is accepted in case of loss or damage however caused on 
the use of this instruction manual and the included description of the products. 
 
Due to reasons of printing technique, the following illustrations correspond only roughly to the real appea-
rance of the products. This instruction manual is protected by copyright. However, the user may produce 
copies and translations if required for the correct operation of the products. 
 
On request this instruction manual is available in different languages and can also be supplied on CD 
(Microsoft  WORD 97). 
 
Our products are under constant development - technical data is subject to change without notice. 
 
 
Essen, August 1997 
 
 
 
 
 
 
 
 
 
 
For further information please contact      or your local agent 
 
 
 optek-Danulat GmbH 
 Haedenkampstraße 18 
 D-45143 Essen, Germany 
 Phone  ++49 - (0)201 - 63 40 90 
 Fax  ++49 - (0)201 - 63 40 911 
 
 Geschäftsstelle Südwest - Mainz 
 Phone  ++49 - (0)6131 - 58 20 15 
 Fax  ++49 - (0)6163 - 50 40 26 
 
 Technisch Adviesbureau NL - Utrecht 
 Phone  ++31 - (0)30 - 276 91 98 
 Fax  ++31 - (0)30 - 272 08 58 
 
 optek-Danulat, Inc. 
 279 South 17th Avenue, Suite # 10 
 West Bend, WI 53095-3001, USA 
 Phone  ++1 - 414 - 335 - 42 88 
   ++1 - 800 - 371 - 42 88 
 Fax  ++1 - 414 - 335 - 42 99 
 
 
 INTERNET: http://www.optek.com 
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Concentration Detector Model 156/AF56 
 
 
1 System Description: 
 
The concentration detector model 156/AF56 is 
a precise single beam absorption photometer. 
It measures the attenuation of the light 
intensity brought about by the process 
medium. The system consists of two 
components interconnected with cables: 
 
 • the converter 
   type 156 
 
 • the sensor 
   type AF56 
 
 
 
 
 
The AF56 sensor, manufactured in stainless steel, is designed for inline operation. Its modular construction 
allows maximum flexibility in the adaption to the process without affecting the quality of the measurement. 
 
 
The process medium is penetrated by a 
precisely focused, constant light beam. A 
hermetically sealed photo-electric silicon cell 
measures the light intensities and transmits the 
resulting photo-current to the amplifier. The 
change in the light intensity, caused by ab-
sorption and/or scattering by substances in the 
medium, is described by Lambert-Beer´s law: 
the logarithm of the transmission loss is 
proportional to the concentration of the 
substance. This is applicable to dissolved as 
well as to undissolved substances. Depending 
on the respective properties of the medium, the 
concentration of substances can be measured 
both in ppm- and %-ranges. The sensor type AF56 uses the light in the visible (VIS) and/or near infrared 
(NIR) range from 400 to 1100 nm. The use of an optical filter on the detector side allows to adapt the wave 
range to the measuring task of the individual application. Therefore it is possible to do color measurements 
(AF56-F) (i.e. phase separation beer/water at 440 - 480 nm) or measurements in the NIR at 730 - 970 nm 
(AF56-N) which are independant from color changes. 
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The converter type 156 detects the change in photo-current produced in the sensor. The resulting output 
signal is proportional to the concentration of substances in the process medium. Two independant 
setpoints and a mA-output are available for alarm and monitoring. An additional relay output (FAIL-SAFE) 
is built in for remote sensing of lamp or power failure. The basic calibration is carried out in concentration 
units (CU). One CU is defined as the negative decade logarithm of the light intensity. Or, in other words, an 
increase of 1 CU corresponds to an attenuation of the light by 90 %. 
 
 
Typical applications (i.e.): 
 • phase separation beer/water, beer/beer, beer/yeast, milk/water 
 • control of filters for breakthrough 
 • detection of solids concentration at inlet of filters or centrifuges 
 
 
Among others the model 156/AF56 fulfills the following regulations: 
 

• The regulations of the European Directive for electromagnetic compatibility (RFI) are met - in 
many of these tests our instruments even exceed in performance. After checking our systems, the 
approved certification body (EMC Test NRW GmbH) attested the performance with an EC-
Conformity-Certificate (043a/96). Therefore our instruments are labeled with the CE-mark. 
 
• The regulations of the European Directive for technical equipment are met. The tests 
according to EN 61010-1 also cover the requirements of the low voltage regulation which is due 
since January 1st, 1997. After checking our systems RWTÜV Anlagentechnik GmbH attested the 
compliance with a statement of authorization (1064/96). Therefore our instruments are labeled 
with the GS-mark. 

 
 
 
This means the conformity of the model 156/AF56 is not only declared but has also been proven by exter-
nal authorities. There are more details available on request. 
 
 
 

Precision in Perfection     -     certified ! 
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2 Technical Data 
 
2.1 Converter Model 516 
 
housing:   • R19-21: 19“-version for rack mounting (front IP40 / rear IP20), 
      3 HE / 21 TE 
display:    • 1 LED (red):  power 
    • 1 LED (green): zero 
    • 5 LED (yellow): range 
    • 2 LED (red):  alarm I and II 
    • 1 LED (red):  lamp failure 
alarm setting:   in 1 % steps of respective measuring range with code setters 
calibration:   basic calibration in CU (concentration units) 
ranges:    • 0 - 1 CU 
    • 0 - 2 CU 
    • 0 - 3 CU 
    • 0 - 4 CU 
    • VARIABEL: 0 - 0.5 bis 0 - 4 CU (factory set: 0 - 0.5 CU) 
resolution:   < ± 1% of respective measuring range 
repeatability:   < ± 2% of respective measuring range 
linearity:   < ± 2% of respective measuring range 
response time (T90):  1 sec. 
ambient temperature:  • operation:    0°C (32°F) up to +50°C (122°F) (no direct light) 
    • transport: -20°C ( -4°F) up to +70°C (158°F) 
power supply (fixed):  115/230 V AC, selectable (93,5 - 132 / 187 - 264 V AC, 47 - 64 Hz) 
power consumption:  30 VA 
alarm output:   • two independant adjustable SPDT contacts 
FAIL-SAFE:   • 1 SPDT contact to alarm in case of lamp or system failure (active) 
mA-output:   0-20 / 4-20 mA (load: 0 - 500 Ohm) galvanically isolated (> 500 V DC) 
cable lengths:   max. 100 m / 328 ft. 
requirements:   EN 61010-1 / 1994-03 / class 1 
options:    • power supply (fixed) 24 V AC/DC 
      (AC: 20,4 - 26,4 V AC, 47 - 64 Hz) 
      (DC: 20,4 - 28,8 V DC) 
    • B19-21: version for wall-mounting, plastic, IP66 (1 converter) 
    • B19-42: version for wall-mounting, plastic, IP66 (2 converters) 
    • W19:  mounting assy. for wall-mounting 
    • A3:  digital read-out (LED, 7 mm) 
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2 Technical Data 
 
2.2 Sensor model AF56 
 
material:   measuring cell made of stainless steel 1.4571, SS 316 Ti (standard) 
special materials:  1.4435 (316 L), TFMC, Hastelloy®, Titanium, Monel®, PEEK, etc. 
line size:   DN 6 - DN 300 (¼" - 12") 
process connections:  NPT, pipe-thread DIN ISO 228/1 G, TriClamp, DIN-flange, ANSI-flange, 
    sanitary thread (DIN 11851), SMS-thread, etc. 
gaskets:   NBR, silicone-rubber, Viton®, EPDM, Kalrez® 
windows:   Pyrex®, Sapphire 
process pressure:  • min. 10 mbar 
    • max. 500 bar, depending on process connection / material / design 
process temperature:  • values are only valid with appropriate material of sensor body and 
      gaskets 
      No icing on sensor! 
    • permanent     0°C (+32°F) - +100°C (+212°F) 
    • peak (15 min./day)    0°C (+32°F) - +120°C (+248°F) 
ambient temperature:  • operation:     0°C (+32°F) - +  40°C (+104°F) 
      (With higher or lower ambient temperatures there may be a need to 
      restrict the allowed process temperatures.) 
    • transport:  -20°C (   -4°F) - +  70°C (+158°F) 
AirPurge:   connectors available as standard 
light source:   incandescent tungsten lamp: 5,0 V DC, 775 mA 
wave lengths:   • AF56-N = 730 - 970 nm 
    • AF56-F = 400 - 480 nm 
detector:   1 hermetically sealed silicon photo-current cell 
protection:   optical housing made of stainless steel 1.4571 (SS 316 Ti) 
    all optical parts protected according to IP 65 
options:    • AF56-SF silicone free (with restricted temperature ratings !!!) 
    • permanent     0°C (+32°F) - +60°C (+140°F) 
    • peak (15 min./day)    0°C (+32°F) - +70°C (+158°F) 
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3 Installation 
 
3.1 Converter Model 156 
 
The housing is designed for 19“ rack mounting (3 HE / 21 TE) as well as for front panel mounting (cut-out: 
106 x 116 mm / 4.17" x 4.57"). The mounting of the converter is carried out by using the attached mounting 
parts. For the specific dimensions of the additional housing for wall mounting please refer to the drawings 
in the appendix section (refer to paragraph 6.6). 
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3 Installation 
 
3.2 Sensor Model AF56 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sensor must be installed in the process pipeline in such a way that the optical arms are in the 
horizontal position (diagrams 1 and 2). An installation in the vertical plane (diagram 3) has to be avoided 
because of sedimentation on the lower window which may cause error in the measurement. The second 
reason is that an installation according diagram 3 may cause thermal problems depending on process and 
ambient temperatures. During operation the sensor should always be completely full in order to eliminate 
possible measurement errors (caused by air or gas bubbles). For the specific dimensions and weights 
please refer to the tables in the appendix section (refer to paragraph 6.3 etc.). 
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3 Installation 
 
3.3 Field wiring schematic model 156/AF56 - 115 / 230 V AC (Option: 24 V AC/DC) 
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The system consists of two components, the converter type 156 and the sensor type AF56 which are 
interconnected with two cables (max. 100 m / 328 ft). Concerning the sensor, it is impossible to cross 
connect the cables, as different plugs are used. (9-pole on the detector side, 4-pole on the lamp side). The 
detector cable is not compatible with former version cables of the X52-series with an 8-pole connector !!! 
 
It is absolutely necessary to adjust the lamp voltage to correspond with the cable length (please 
refer to paragraph 4.3). 
 
 
Because the system of sensor and converter are calibrated together it is necessary to connect the 
converter type 156 only with the appropriate sensor type AF56 (see serial-no.-label) : 
 
 
 
 
 Model:          156   Model:       AF56 
 Serialno.:    XXXXX   Serialno.:    YYYYY 
  matched   YYYYY    matched   XXXXX 
 
 
 
Terminal connections: 
 
 •   1,   2,   5  detector cable to sensor 
    1 = white (A1)  2 = brown (A2)  5 = black (A5) 
 •   6,   7   lamp cable to sensor 
    6 = white or blue (6)    7 = brown (7) 
 •   8,   9   mA-output (8 + / 9 –) 
 • 10, 11, 12,  alarm 1 
 • 13, 14, 15,  alarm 2 
 • 16, 17, 18  lamp failure alarm, active 
 • 19, 20, 21  power supply 115 / 230 V AC (OPTION: 24 V AC/DC) 
 •   3,   4 (2 x 5)  not in use 
 
Fuses 230 V AC:  2 x SB 0,315 A (already installed from factory) 
Fuses 115 V AC:  2 x SB 0,630 A have to be installed (fuses are included) 
    because the system has been set by the factory to 230 V AC 
 
Fuses 24 V AC/DC:  2 x SB 1,25 A (already installed from factory with option: 24 V AC/DC) 
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4 Operation 
 
4.1 Front panel model 156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 code setter for alarm 2 in steps of 1 % of respective measuring range 
  2 code setter for alarm 2 in steps of 1 % of respective measuring range 
  3 LED (red), alarm 1 indicator 
  4 LED (red), alarm 2 indicator 
  5 LED (red), lamp failure indicator 
  6 LED (red), power on 
  7 5 LEDs (yellow), indicator for range setting 
  8 LED (green), zero 
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4 Operation 
 
4.1 Front panel model 156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  A DIP-switch for range setting 
  B potentiometer for variable range adjustment 
  C potentiometer for zero adjustment 
  D DIP-switch for adjustment of digital read-out A3 (Option) 
  E potentiometer for adjustment of digital read-out A3 (Option) 
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4 Operation 
 
4.2 Back panel model 156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
1 voltage selector (factory setting: 230 V AC) - (not with 24 V AC/DC - Version) 
2 terminal III for power supply (fixed) 
3 fuse I SB 0.315 A for 230 V AC - SB 0.630 A for 115 V AC - SB 1.250 A for 24 V AC/DC 
4 fuse II SB 0.315 A for 230 V AC - SB 0.630 A for 115 V AC - SB 1.250 A for 24 V AC/DC 
5 terminal I for detector cable 
6 potentiometer for lamp voltage adjustment 
7 terminal II for lamp cable, mA-output, relay-outputs 
8 main power switch ON/OFF 
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4 Operation 
 
4.3 Lamp voltage adjustment (156/AF56) 
 
Normally it is not necessary to 
change the lamp voltage because the 
instrument has already been factory 
adjusted to the sensor and cable set 
delivered with the converter. In case 
the cable length was not specified in 
time for shipment of the instrument, 
the lamp voltage is always factory set 
to the shortest possible cable length 
(5 m). An adjustment of the lamp 
voltage to the cable length is 
necessary to compensate for voltage 
drop within the cables. If the lamp vol-
tage is too low, incorrect measured 
values may occur. If the lamp voltage 
is too high, the lifetime of the lamp 
module may be reduced 
considerably. 
 
 
 
 
 
 
 
 
The lamp voltage can be measured at terminals 6 and 7 on the back panel of the converter. The following 
lamp voltages should be adjusted with potentiometer (1) on the back panel with respect to the installed 
cable lengths (Values are only correct for original cable sets!!!). Cable and lamp module have to be 
connected for a minimum of 3 minutes before measuring the lamp voltage, because the instrument is 
adjusting the voltage pending on the load. 
 
 
 
 
 
 
 
Attention: other sensors may require different lamp voltages !!! 
 
 
 
 
 
 
 
 
 
 
 
 
 

cable lengths lamp voltage V DC 
m ft. 1,5 qmm 

    0     0 4,80 
    5   16 4,90 
  10   33 4,99 
  15   49 5,09 
  20   66 5,18 
  25   82 5,28 
  30   98 5,38 
  35 115 5,47 
  40 131 5,57 
  45 148 5,66 
  50 164 5,76 
  60 197 5,95 
  70 230 6,14 
  80 262 6,34 
  90 295 6,53 
100 328 6,72 

Lampenspannung = 4,80 + 
0,0192 / m 

Widerstand = 12,8 Ohm / 
1000 m 
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4 Operation 
 
4.4 Zero adjustment (156/AF56) 
 
During initial system start-up, preventive maintenance and after lamp replacement, the system's zero 
should always be set. Prior to adjusting the zero, the following points must be checked: 
 
 
 a) the sensor and the windows must be clean. 
 
 b) the sensor must be filled with clean, particle-free water - or chosen zero solution. 
 
 c) no gas bubbles are present in the liquid. 
 
 d) no gas bubbles are present on the windows. 
 
 e) there is no direct light entering the sensor (in case there is, cover the cell). 
 
 f) wait at least 15 min. for the system to warm up. 
 
 
Once the above conditions are met, the system's zero can be precisely adjusted by means of the 
potentiometer (C, page 13) “zero“ under the cover at the front panel as follows: 
 
For zero adjustment first loosen the two screws on the frontpanel to remove the cover. Turn the 
potentiometer (C) with a screwdriver to the far right and then slowly to the left until the green LED (8, page 
12) “zero“ flashes. As long as this LED flashes, zero is adjusted to + 1 % of the actual measuring range. 
 
If it is not possible to adjust to zero, first check the sensor's contents, the windows, lamp, wiring and the 
serial-no. of sensor and converter, then repeat the procedure. After replacing the detector module and / or 
changing the optical path length it may happen in a few cases that it may be necessary to adjust the internal 
working area of the converter prior to adjusting the zero. 
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4 Operation 
 
4.5 Alarm adjustment (156/AF56) 
 
a) setpoint adjustment: 
 
There are two independant adjustable alarms available. The activation of the alarms is indicated by two red 
LED's (3 and 4). The respective relay-outputs are available on terminals 10, 11, 12 for alarm 1 and on 
terminals 13, 14, 15 for alarm 2. The adjustment of the setpoints is carried out by code setter (2) for alarm 1 
and code setter (1) for alarm 2. With these code setters you are able to set the alarms in 1% steps of the 
respective measuring range within 0-99 %. Since these alarms are activated by integrators, their function is 
related to the process dynamics. A small (slow) increase above setpoint will cause a delayed alarm. 
Respectively a large (fast) increase will cause an immediate alarm. 
 
b) lamp failure a: 
 
Lamp failure or a similar system failure is indicated through pick-up of the lamp failure relay on terminals 
16, 17, 18 and flashing of the lamp failure LED (5). The resulting loss of the minimum signals of the sensor 
will activate the two alarms and associated LED's (3 and 4). The lamp failure relay is in active operation, 
this means that under normal conditions the lamp failure relay is activated. In case of low lamp current 
(approx. < 310 mA) the lamp failure relay is deactivated in a fail-safe configuration. This allows indication of 
lamp and power or system failure 
 
c) voltage-current contact ratings: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) mA-output 
 
To transmit the measuring signal, a mA-output is provided as a standard (galvanically isolated > 500 V 
DC). This mA-output is always set to 4 - 20 mA. 
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4 Operation 
 
4.6 Range adjustment (156/AF56) 
 
A change of the measuring range can be carried out by using the DIP-switch (A) under the cover on the 
front panel. As a standard the following 5 measuring ranges are available: 
 
  • 0 - 1 CU 
  • 0 - 2 CU 
  • 0 - 3 CU 
  • 0 - 4 CU 
  • VARIABLE: 0 - 0,5 to 0 - 4 CU (factory setting 0 - 0,5 CU) 
 
 
One CU is defined as the negative decade logarithm of the light intensity. Or in other words, an increase of 
1 CU corresponds to an attenuation of the light source by 90 %. This gives the following table: 
 
 
 Measurement (CU) remaining light (%) 
 0,00 100,0 
 0,05 89,1 
 0,10 79,4 
 0,20 63,1 
 0,50 31,6 
 1,00 10,0 
 2,00 1,0 
 3,00 0,1 
 4,00 0,01 
 5,00 0,001 
 6,00 0,0001 
 
After removing the 2 screws on the frontpanel the cover can be removed. The setting of the measuring 
range is according to the following table: 
 

Range: 
DIP-switch: 

0 - 4 CU 0 - 3 CU 0 - 2 CU 0 - 1 CU Variabel 

1 ON OFF OFF OFF OFF 
2 ON OFF OFF OFF OFF 
3 OFF ON OFF OFF OFF 
4 OFF ON OFF OFF OFF 
5 OFF OFF ON OFF OFF 
6 OFF OFF ON OFF OFF 
7 OFF OFF OFF ON OFF 
8 OFF OFF OFF ON OFF 
9 OFF OFF OFF OFF ON 
10 OFF OFF OFF OFF ON 

 
To adjust the appropriate measuring range, first set the instrument to the largest range (4 CU to get 
information about the occuring measurement peaks. Now use the DIP-switch to adjust to the smallest 
possible range where still all peaks are not leading to an overrange ((i.e.: peak at 1,8 CU  =  range selector 
to 2 CU). This can be easlily controlled by increasing the alarm setting until the alarm LED stops flashing. 
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For special applications the variable range can be set to a customer specified range. For this any range 
between 0.5 CU and 4 CU ) can be used. The delivered factory presetting for this range is 0.5 CU. The 
adjustment of the variable range is carried out with the potentiometer (B) under the cover on the front 
panel. 
 
Adjustment of the variable range: 
 
1. First fill the pipe, resp. the sensor body if it is not installed yet, with a slightly turbid liquid and make 

sure no outside light is getting into the sensor. Wait until the reading of the mA-output stabilizes. 
Select the first fixed measuring range which is a bit higher than the desired variable range. 

 
2. A multimeter connected to the mA-output at terminals 8 and 9 on the back panel will provide the 

actual reading. 
 
3. Adjust the variable range by using the potentiometer (B) according to the following example: 
 
 
a) fixed range:   0 - 3.0 CU  
 mA-output (4-20):  12 mA  corresponding measurement: 1.5 CU 
 
b) switch to variable range 
 
c) variable range:   0 - 2.3 CU (desired) 
 Turn the potentiometers (B) to the right (resp. to the left) till the multimeter delivers the following 

reading: 
 
 mA-output (4-20)  14.4 mA corresponding measurement: 1.5 CU 
 
 Calculation  measurement (1.5 CU) 
   = --------------------------------------------   x   16 mA   +   4 mA =   14.4 mA 
 adjustment  desired range (2.3 CU) 
 
d) Recheck zero according to paragraph 4.4 
 
 
 
 
 
 
Sensors with specific detector modules (AF56-F) have sometimes a reduced dynamic range. Because the 
optical filters are reducing the signal level there are typically only measurements up to 2 CU possible. 
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4 Operation 
 
4.7 Adjustment of digital read-out A3 (156/AF56) - (Option) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  A DIP-switch for range setting 
  B potentiometer for variable range adjustment 
  C potentiometer for zero adjustment 
D DIP-switch 1,2,3,4: zero pre-calibration (factory set) 
 DIP-switch 5, 6: decimal point setting of the digital read-out: 
    5 = OFF 6 = OFF no decimal point (XXX) 
    5 = ON  6 = OFF 1 digit   (XX.X) 
    5 = OFF 6 = ON  2 digits   (X.XX) 
 
  E Potentiometer to adjust the span of the digital read-out: 
 By using the potentiometer the span of the digital read-out (4 mA = 0% / 20 mA = 100%) can be 

adjusted to any value between 100 and 999 as follows: 
 
 First fill the pipe, resp. the sensor body if it is not installed yet, with a slightly turbid liquid and make 

sure no outside light is getting into the sensor. Wait until the reading of the mA-output stabilizes. A 
multimeter connected to the mA-output at terminals 8 and 9 on the back panel will provide the 
actual reading. Adjust the span by adjusting the potentiometer (E) according to the following 
example: 

 
 mA-output = 14,4 mA  reading is 65% 
 set LED read-out to 065  reading is 0 - 100 
 set LED read-out to 325  reading is 0 - 500 
 
  F 3-digits, LED read-out (7 mm) 
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5 Start-up / Maintenance 
 
5.1 Start-up (156/AF56) 
 
 basic rules: 
 
 
 1. Read the instruction manual before installation !!! 
 
 2. Only trained personel should be allowed to install !!! 
 
 3. If something is not clear - check before installation !!! 
 
 

procedure 
(referring to paragraphs in 

this instruction manual) 

initial 
start-up 

start-up 
after 
stop 

start-up 
after lamp 

replacement 
Read instruction manual !!! XXX XXX XXX 
Check shipment to be complete as ordered XXX   
Inspect parts for damage XXX   
Install measuring cell (3.2/6.1/6.2/6.3/6.4/6.5) XXX   
Check piping and connections for leakage XXX   
Check windows for cleanliness XXX XXX  
Install converter (3.1/6.3/6.6) XXX   
Install cables (3.3/6.3/6.7) XXX   
Connect cables (3.3/4.2/6.3/6.7) XXX   
Connect power (3.3/4.2) XXX   
Power up converter (4.2) XXX XXX XXX 
Allow 15 min. to warm-up XXX XXX XXX 
Adjust lamp voltage / cable length (4.2/4.3) XXX   
Adjust instrument zero (4.1/4.4) XXX (XXX) XXX 
Set measuring range (4.1/4.6) XXX   
Set alarms (4.1/4.5) XXX   
Note all settings (4.1/6.8) XXX (XXX) XXX 
Check readings for correctness XXX XXX XXX 
Allow measurement for control purpose XXX XXX XXX 
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5 Start-up / Maintenance 
 
5.2 Fault finding (156/AF56) 
 
In the case of a system failure, the following should be checked: 
 
a) connection failure: 
It is impossible to cross connect the plugs on the sensor, as the lamp plug has four-poles and the detector 
plug has nine poles. Therefore, the fault will only be found at the connection wiring to the converter. Please 
check according to paragraph 3.3. 
 
 
b) cable failure: 
If a continuity check of the cables is performed and a failure of the cable or a broken connector is found, 
replace only with new factory cable to ensure best possible results. It is highly recommended not to repair 
cables or connectors !!! 
 
 • lamp cable:  6 (white or blue) <->  connector POLE 1 
    7 (brown)  <->  connector POLE 4 
 
 • detector cable: A1 (white)  <->  connector POLE 2 (measurement) 
    A2 (brown)  <->  connector POLE 4 (measurement) 
    A5 (black)  <->  connector POLE 7 (inner shield) 
 
 
c) lamp failure: 
In case the lamp circuit is broken (i.e. Lamp failure = lamp current < approx. 310 mA) it is indicated through 
pick-up of the lamp failure relay on terminals 16, 17, 18 and flashing of the lamp failure LED (5). The 
procedure then is to loosen the four screws on the optical arm and to install a replacement lamp module. 
This can be done on-line. (refer to paragraph 6.1). 
 
 • lamp module AF56   (PN: 2100-0205-01) 
 
 
d) detector failure: 
Both alarms are activated and zero adjustment (refer to paragraph 4.4) is no longer possible if the detector 
circuit has failed. The procedure then is to loosen the four screws on the optical arm and to install a 
replacement detector module. This can be done on-line. (refer to paragraph 6.1). 
 
 • detector module AF56-N (NIR) (PN: 2500-0307-00) 
 • detector module AF56-F(Color) (PN: 2500-0308-00) 
 
 
e) window fouling: 
Depending on the process conditions, fouling of the window surfaces may cause an erroneous reading. In 
this case adequate cleaning is required. In most processes the use of sapphire windows may increase the 
cleaning interval. 
 
 
f) window corrosion: 
Depending on the process conditions and the selected window material (i.e. Pyrex®), corrosion on the 
optical surfaces of the windows may occur which will cause an erroneous reading. In such cases the 
existing windows should be replaced by sapphire windows. 
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g) condensation: 
Due to low temperatures of the process medium, the temperature in the sensor housing drops below the 
dew point of the air, thus resulting in a condensate deposit on the windows. In this case the sensor should 
be equipped with the corresponding window rings with purge connections (refer to paragraph 6.5). For 
start-up the two optical housings, lightly unscrewed, should be purged for about 10 min. with dry air (oil and 
dust free). Then tighten the optical housings again and leave the purge connection in order to maintain a 
light pressure (max. 0.1 bar) above atmospheric. The air consumption is minimum under this condition. 
 
 
h) overranging: 
If the measuring range has been exceeded due to process conditions, the next higher range should be 
adjusted (refer to paragraph 4.6). If the system is already in the highest range it is possible to get a working 
measurement by shortening the optical pathlength. This might be carried out by simply replacing the 
windows. 
 
Sensors with specific detector modules (AF56-F) have sometimes a reduced dynamic range. Because the 
optical filters are reducing the signal level there are typically only measurements up to 2 CU possible. 
 
 
i) mA-output: 
If the mA-output is low at high readings, most probably the load of the analog loop is higher than 500 Ohms 
(refer to paragraph 4.8). 
 
 
j) converter failure: 
If none of the above mentioned failures can be traced, the complete system, converter and sensor, should 
be returned for checking. If possible, leave the sightglass in-line and only send the optical arms. 
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5 Start-up / Maintenance 
 
5.3 Preventative maintenance (156/AF56) 
 
The model 156/AF56 has been designed for operation virtually free of maintenance. Extensive quality 
procedures in production such as checking every single part when received or a 7-day burn-in for electronic 
components (including lamp modules) guarantees the very best reliability. 
 
a) Parts in contact with the process medium 
 If the materials are well choosen for parts which are in contact with the process medium a periodic 

check is normally not necessary. In most cases a check for leakage during the complete plant 
survey is sufficient. 

 
b) Detector module 
 The detectors utilized do not have any relevant aging which can be measured. Therefore 

replacements / adjustments are not necessary. 
 
c) Lamp module 
 The lamps are designed for a long service cycle. To even increase the lamp´s life it is operated 

below its specifications (4.8 V DC instead of 5.0 V DC). Based on the experience of several 
thousand installations, life cycles of more than 5 years are quite common. From statistics the 
expected life time is approx. 3 years. (I.e.: heavy vibrations, high temperatures or frequent on/off-
switching of the system may reduce this timeframe). Depending on the individual importance of the 
measurement, a preventive replacement of the lamp module is recommended after 1 to 2 years of 
operation. 

 
d) Cable 
 The cables in use do not have any relevant aging which can be measured if they are properly 

installed and handled. Therefore replacements / adjustments are not necessary. In very few cases 
there may occur a problem with isolation of the contacts due to humidity, oil or chemicals. 
Therefore the contacts should be visually inspected for any coating (corrosion). 

 
e) Converter 
 The converter including all parts do not have any relevant aging and are also fully functional with 

varying ambient temperatures due the built-in stabilization. 
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5 Start-up / Maintenance 
 
5.4 Spare parts (156/AF56) 
 
a) Lamp module / detector module (refer to paragraph 6.1) 
 

(1 piece) AF56 
Lamp module 2100-0205-01 
Detector module N 2500-0307-00 
Detector module F 2500-0308-00 

 
b) Windows (refer to paragraph 6.1/6.4) 
 

(1 piece) type A 
0 mm 

type B 
- 5 mm 

type C 
- 10 mm 

type K 
- 8,75 mm 

Pyrex® 0410-0050-01 0410-0051-01 0410-0052-01 0410-0053-01 
Sapphire 0410-0050-03 0410-0051-03 0410-0052-03 0410-0053-03 

 
c) Gaskets (refer to paragraph 6.1) 
 

(4 pieces) NBR Silicone Viton® EPDM (FDA) Kalrez® 
  4,00 x 1,00   0208-4005-02   
10,10 x 1,60 0208-4004-00  0208-4004-02   
21,95 x 1,78 0208-4001-00 0208-4001-01 0208-4001-02 0208-4001-03 0208-4001-04 
25,12 x 1,78   0208-4002-02   
31,47 x 1,78   0208-4003-02   

 
d) Screws (refer to paragraph 6.1/6.7) 
 

(10 pieces) Stainless 
Steel (316) 

M 3 x   6 (DIN 7985) 0101-1001-03
M 3 x 12 (DIN 7985) incl. 
washer M3 (DIN 7980) 0101-1002-03

M 4 x 10 (DIN 912) incl. 
washer M 4 (DIN 7980) 0101-1003-03

M 5 x   6 (DIN 84) 0101-1004-03
 
e) Fuses (refer to paragraph 3.3) 
 

(5 pieces) 115 V AC 
T 0,630 A 

230 V AC 
T 0,315 A 

24 V AC/DC 
T 1,25 A 

Power supply 0405-5030-00 0405-5031-00 0405-5032-00 
 
 

Bold = Recommended spare parts for 2 -3 years of operation 
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6 Appendix 
 
6.1 Exploded view of sensor AF56 
 
 
 
 
 
 
 
 
 
 
 
Description: 
 
  1 measuring cell 
  2 “O“-ring (21.95 x 1.78 mm), Silicone (optional NBR, EPDM, Viton®, Kalrez®) 
  3 windows, Pyrex® (optional Sapphire) 
  4 “O“-ring (21.95 x 1.78 mm), Silicone (optional NBR, EPDM, Viton®, Kalrez®) 
  5 window ring M24 x 1,5 AP, 1.4571 (316 Ti) 
 connector (M5) for AirPurge (screw M5 x 6 (DIN 84) with “O“-ring, Viton® 4 x 1 mm) 
  6 4 screws M4 x 10 (DIN 912) with washer (DIN 7980), 1.4571 (316 Ti) 
  7 “O“-ring (25.12 x 1.78 mm), Viton® 
  8 optical housing (OP03-Purge), 1.4571 (316 Ti) 
  9 “O“-ring (25.12 x 1.78 mm), Viton® 
10 detector module AF56 
11 “O“-ring (10.1 x 1.6 mm), Viton® 
12 4 screws M3 x 6 (DIN 7985), 1.4571 (316 Ti) 
13 lamp module AF56 
 
 
 
Part-No.: refer to paragraph 5.4 
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6 Appendix 
 
6.2 Standard measuring cells AF56 
 
All specifications stated in this documentation are only valid for standard sensor bodies: 
 

Process connection Material Design Line-size OPL A / A Part.-No. 
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1/2“ 20  0100-1945-03 
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1“ 20 0100-0104-03 
NPT-Thread (female) (ASA B 2.1, 1960) 316 Ti / 1.4571 welded 1“ 40 0100-1104-03 
Pipe-Thread (female) (DIN ISO 228/1) 316 Ti / 1.4571 welded 1“ 20 0100-0103-03 
Pipe-Thread (female) (DIN ISO 228/1) 316 Ti / 1.4571 welded 1“ 40 0100-1103-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1“ 20 0100-0102-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1“ 40 0100-1102-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1,5“ 30 0100-0302-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 1,5“ 40 0100-1302-03 
TriClamp (ISO 2852-1974, 7.1) 316 Ti / 1.4571 welded 2“ 40 0100-0402-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 25 20 0100-0101-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 25 40 0100-1101-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 40 30 0100-0301-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 40 40 0100-1301-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 50 40 0100-0401-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 65 50 0100-0501-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 80 50 0100-0601-03 
Sanitary Thread SC (DIN 11851) 316 Ti / 1.4571 welded DN 100 60 0100-0701-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1“ 20 0100-0106-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1“ 40 0100-1106-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1,5“ 30 0100-0306-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 1,5“ 40 0100-1306-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 2“ 40 0100-0406-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 3“ 50 0100-0606-03 
ASA-Flange (ASA B 16.5 150 lbs RF) 316 Ti / 1.4571 welded 4“ 60 0100-0706-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 25 20 0100-0115-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 25 40 0100-1115-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 40 30 0100-0315-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 40 40 0100-1315-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 50 40 0100-0415-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 65 50 0100-0515-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 80 50 0100-0615-03 
DIN-Flange (DIN 2633) 316 Ti / 1.4571 welded DN 100 60 0100-0715-03 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/4“ 1 0100-1999-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/4“ 5 0100-1998-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/2“ 1 0100-2915-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1/2“ 10 0100-1989-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 3/4“ 11 0100-1997-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 3/4“ 15 0100-1995-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 20 0100-2911-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 21 0100-2912-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1“ 40 0100-2918-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 20 0100-2917-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 21 0100-1902-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 1,5“ 40 0100-1946-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 20 0100-2916-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 21 0100-1948-08 
TriClamp (L 14 AM 7) 316 L / 1.4435 BioTech 2“ 40 0100-2914-08 

Attention: For measuring cells made from TFMC please refer to Product Information TFMC. 
  The specific data for any other measuring cell are supplied upon request. 
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6 Appendix 
 
6.3 Mounting dimensions and weights 156/AF56 
 
 
a) weights (kg) of converter type Typ 156 
 
Model 115/230 V AC 24 V AC/DC Dimensions 
156 R19-21 2,0 kg 1,4 kg refer to paragraph 3.1 
156 B19-21 4,1 kg 3,5 kg refer to paragraph 6.6 
156 B19-42 4,9 kg 4,3 kg refer to paragraph 6.6 

 
 
 
b) weights (kg / 10 m) of cable 
 
 5 - 100 m 
Lamp cable 0,9 kg / 10 m 
Detector cable 0,6 kg / 10 m 

 
 
 
c) weights (kg) and dimensions of sensor type Typ AF56 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data given on the next page 
 
 
 A = mounting height (in mm)   (AF56) 
 B = mounting length detector side (in mm) (AF56) 
 C = mounting length lamp side (in mm)  (AF56) 
 
 D = weight (in kg)     (AF56) 
 
 
are only valid for the standard measuring cells as stated in paragraph 6.2! 
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Standard measuring cells - dimensions and weights AF56 
 
 

Process connection Line-size OPL A / A Part.-No. A B C D 
NPT-Thread (female) (ASA B 2.1, 1960) 1/2“ 20  0100-1945-03   95 115 115   2,8 
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 20 0100-0104-03   95 115 115   2,8 
NPT-Thread (female) (ASA B 2.1, 1960) 1“ 40 0100-1104-03   95 125 125   2,7 
Pipe-Thread (female) (DIN ISO 228/1) 1“ 20 0100-0103-03   95 115 115   2,8 
Pipe-Thread (female) (DIN ISO 228/1) 1“ 40 0100-1103-03   95 125 125   2,7 
TriClamp (ISO 2852-1974, 7.1) 1“ 20 0100-0102-03   95 115 115   2,8 
TriClamp (ISO 2852-1974, 7.1) 1“ 40 0100-1102-03   95 125 125   2,7 
TriClamp (ISO 2852-1974, 7.1) 1,5“ 30 0100-0302-03 106 120 120   2,7 
TriClamp (ISO 2852-1974, 7.1) 1,5“ 40 0100-1302-03 106 125 125   2,6 
TriClamp (ISO 2852-1974, 7.1) 2“ 40 0100-0402-03   90 125 125   3,3 
Sanitary Thread SC (DIN 11851) DN 25 20 0100-0101-03 106 115 115   2,8 
Sanitary Thread SC (DIN 11851) DN 25 40 0100-1101-03 106 125 125   2,7 
Sanitary Thread SC (DIN 11851) DN 40 30 0100-0301-03 106 120 120   2,9 
Sanitary Thread SC (DIN 11851) DN 40 40 0100-1301-03 106 125 125   2,9 
Sanitary Thread SC (DIN 11851) DN 50 40 0100-0401-03 125 125 125   3,7 
Sanitary Thread SC (DIN 11851) DN 65 50 0100-0501-03 120 130 130   4,0 
Sanitary Thread SC (DIN 11851) DN 80 50 0100-0601-03 225 130 130   4,3 
Sanitary Thread SC (DIN 11851) DN 100 60 0100-0701-03 295 135 135   4,9 
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 20 0100-0106-03 150 115 115   4,3 
ASA-Flange (ASA B 16.5 150 lbs RF) 1“ 40 0100-1106-03 150 125 125   4,2 
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 30 0100-0306-03 150 120 120   5,5 
ASA-Flange (ASA B 16.5 150 lbs RF) 1,5“ 40 0100-1306-03 150 125 125   5,4 
ASA-Flange (ASA B 16.5 150 lbs RF) 2“ 40 0100-0406-03 150 125 125   7,7 
ASA-Flange (ASA B 16.5 150 lbs RF) 3“ 50 0100-0606-03 225 130 130 11,8 
ASA-Flange (ASA B 16.5 150 lbs RF) 4“ 60 0100-0706-03 285 135 135 15,1 
DIN-Flange (DIN 2633) DN 25 20 0100-0115-03 150 115 115   4,8 
DIN-Flange (DIN 2633) DN 25 40 0100-1115-03 150 125 125   4,7 
DIN-Flange (DIN 2633) DN 40 30 0100-0315-03 150 120 120   6,1 
DIN-Flange (DIN 2633) DN 40 40 0100-1315-03 150 125 125   6,0 
DIN-Flange (DIN 2633) DN 50 40 0100-0415-03 150 125 125   8,1 
DIN-Flange (DIN 2633) DN 65 50 0100-0515-03 150 130 130   9,2 
DIN-Flange (DIN 2633) DN 80 50 0100-0615-03 215 130 130   9,7 
DIN-Flange (DIN 2633) DN 100 60 0100-0715-03 270 135 135 12,0 
TriClamp (L 14 AM 7) 1/4“   1 0100-1999-08   96 105 105   2,5 
TriClamp (L 14 AM 7) 1/4“   5 0100-1998-08   96 107 107   2,5 
TriClamp (L 14 AM 7) 1/2“   1 0100-2915-08   96 105 105   2,7 
TriClamp (L 14 AM 7) 1/2“ 10 0100-1989-08   96 110 110   2,8 
TriClamp (L 14 AM 7) 3/4" 11 0100-1997-08   96 110 110   3,1 
TriClamp (L 14 AM 7) 3/4" 15 0100-1995-08   96 112 112   3,1 
TriClamp (L 14 AM 7) 1“ 20 0100-2911-08   96 115 115   3,5 
TriClamp (L 14 AM 7) 1“ 21 0100-2912-08   96 115 115   3,5 
TriClamp (L 14 AM 7) 1“ 40 0100-2918-08   96 125 125   4,3 
TriClamp (L 14 AM 7) 1,5“ 20 0100-2917-08 106 115 115   3,3 
TriClamp (L 14 AM 7) 1,5“ 21 0100-1902-08 106 115 115   3,3 
TriClamp (L 14 AM 7) 1,5“ 40 0100-1946-08 106 125 125   4,1 
TriClamp (L 14 AM 7) 2“ 20 0100-2916-08 112 115 115   2,8 
TriClamp (L 14 AM 7) 2“ 21 0100-1948-08 112 115 115   2,8 
TriClamp (L 14 AM 7) 2“ 40 0100-2914-08 112 125 125   3,8 
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Appendix 
 
6.4 Standard measuring cells - optical pathlengths AF56 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Due to the modular concept of the sensors it is easy to change the optical pathlength (OPL) by changing 
the windows used: 
 
 • be sure that the pipe is empty and pressure is released 
 • loosen the cable connectors (by hand) 
 • unscrew the optical arms (by hand) 
 • loosen the 4 screws (No. 6 in paragraph 6.1) using an allen wrench (SW3) 
 • replace the window(s) (No. 3 in paragraph 6.1) 
 • when assembling make absolutely sure that the „O“rings (No. 2 and No. 4 in paragraph 6.1) are 
   exactly positioned in the groove to prevent breaking of the window. 
 • fasten the 4 screws crosswise (No. 6 in paragraph 6.1) using an allen wrench (SW3) 
 
The optical pathlengths given in the table in paragraph 6.2 refer to the combination of two windows type 
„A“. With different window combinations the following optical pathlengths can be achieved: 
 

Window combination OPL (A/A) = X OPL (A/A) = 20 mm 
A - A X 20,0 mm 
A - B X -   5,0 mm 15,0 mm 
A - C X - 10,0 mm 10,0 mm 
B - B X - 10,0 mm 10,0 mm 
B - C X - 15,0 mm   5,0 mm 
C - C X - 20,0 mm not possible 
K - K X - 17,5 mm   2,5 mm 
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6 Appendix 
 
6.5 Standard measuring cells - AirPurge AF56 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Due to low temperature of the process medium the dewpoint of the air inside the optical housing may be 
reached and condensate will settle on the windows. For this case the sensor is equipped with special 
window rings with AirPurge connectors. During start-up the two optical housings have to be slightly 
unscrewed and dry air (no oil or dust) has to flow for approx. 10 minutes at max. 1 bar through the sensor. 
Afterwards the optical arms have to be tightened again and the AirPurge stays connected to achieve a 
small pressure (0,1 bar). In this case the air consumption is minimized. 
 
 
AirPurge N: (Standard) 
On the AF56 sensor, please use connections 3 and 4. The connectors 1 and 2 are not available with this 
model. 
 
AirPurge V: 
In some special cases, i.e. when mounting the optical arms on a Varivent®-valve housing, it might be 
necessary to use different optical housings. In this case please use connections 1 and 2 because 3 and 4 
can not be reached and are internally sealed. 
 
Upon delivery the AirPurge ports are sealed with a M5 x 6 (DIN 84) screw and sealed with an “O“-ring (4 x 
1 mm). For installation of AirPurge, the two srew fittings for AirPurge connectors 4 mm ID tubing) must be 
used. 
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6 Appendix 
 
6.6 Option I: housings for model 156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
optional housing B19-21 for one converter 
 
material:  plastic 
protection:  IP66 (NEMA 4X) 
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6 Appendix 
 
6.6 Option II: housings for model 156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
optional housing B19-42 for two converters 
 
material:  plastic 
protection:  IP66 (NEMA 4X) 
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6 Appendix 
 
6.6 Option I + II: housings for model 156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
optional housing B19-21/42 view from side 
 
material:  plastic 
protection:  IP66 (NEMA 4X) 
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6 Appendix 
 
6.6 Option III: housings for model 156 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mounting assy.: W19  for wall-mounting 
 
material:  stainless steel 
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6 Appendix 
 
6.7 Option: stainless steel plug protector AF56) 
 
 
 
 
 
           lamp side 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           detector side 
 
 
 
 
 
 
 
Description: 
 
  1 stainless steel optical housing, 1.4571 (316 Ti) 
  2 „O“-ring (21,95 x 1,78 mm), Viton® 
  3 connector for lamp or detector module 
  4 stainless steel plug protector with cable 
  5 4 screws M3 x 12 (DIN 7985) with washer (DIN 7980), 1.4571 (316 Ti) 
  6 lamp or detector cable 
 
 
For better protection of the cable joints at the sensor, loom of cables may optionally be furnushed with 
stainless steel plugs (1.4571 / 316 Ti) being compatible with the standard plugs. 
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6 Appendix 
 
6.8 Documentation of installation 
 
Applications:  
  
  
  
  
  
Place of installation: TAG-No.: 
  
Operator: Phone: 
  
Model: Delivered: 
  
Serial No. Converter: Serial No. Sensor: 
  
Process connection: Line size: 
  
Material: Gaskets: 
  
Windows: Optical Pathlength (OPL): 
  
Meas. wavelength:  
  

Standard Set-up: 
 

Range:  
  
Alarm I:  
  
Alarm II:  

Notes: 
 

 
 
 
 
 
 
 
 
 

 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 2058 of 2133



 

Page 38 optek Danulat GmbH • D-45143 Essen • Germany Instruction Manual 156-AF56 1-2
 

6 Appendix 
 
6.9 Summary "Inline-Photometry" 
 

VIS/NIR - measuring systems 

 
Concentration 

 
(absorption) 

Color 
 

(selective absorption) 

Turbidity 
 

(scattered light) 
 
 
 
1 - Beam 
 
 
Instruments: 
 
 
Detectors: 

 
 
 
 
 
 
 
 

116 / AF16 V 
116 / AF16 N 

 
156 / AF56 N 

 
 
 
 
 
 
 
 

116 / AF16 F 
 
 

156 / AF56 F 

 

 
 
 
2 - Beam 
 
 
Instruments: 
 
 
Detectors: 

  
 
 
 
 
 
 
 

116 / AF26 
316 / AF26 

 
• 

 
 
 
 
 
 
 
 

516 / TF16 
 
 

556 / TF56 

 

UV - measuring systems 
 
• 254 nm 
• 280 nm 
• 290 nm 
• 300 nm 
• 313 nm 
 
 
Instruments: 

 
 
 
 
 
 
 
 

116 / AF44 

 
 
 
 
 
 
 
 

316 / AF45 

 
 
 
 
 
 
 
 

316 / AF46 
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7 Certificates 
 
7.1 optek-Danulat GmbH „EC-Declaration of Conformity“ 
 

 
EC-Declaration of Conformity 

 
 
We 
 

 
optek-Danulat GmbH 
 

 
Address 
 

Haedenkampstr. 18 
D-45143 Essen 
Germany 

 
declare under sole responsibility that the products 
 
 
Description 
 

instruments X16 series 
detectors X56 series 
 

 
Type, Model, Article-No. 
 

116/AF16, 116/AF26, 116/AF44, 156/AF56 
316/AF26, 316/AF45, 316/AF46 
516/TF16, 556/TF56 

 
fullfil the requirements of the standards 
 
 
 
 
 
 
 
 
 
 
 

EN 61 010-1  1993-04 
EN 50 081-1  1992-01 
EN 50 081-2  1993-08 
EN 50 082-1  1992-01 
prEN 50 082-1  1994-08 
EN 50 082-2  1995-03 
ENV 50 140  1993-08 
ENV 50 141  1993-08 
ENV 50 142  1993-08 
prEN 61 000-4-2 1995-05 
prEN 61 000-4-4 1995-05 
prEN 61 000-4-5 1995-03 
DIN EN 61 000-4-11 1995-04 

 
and therefore correspond to the regulations of the following EC-Directives: 
 
 
EC-Directives: 
 

73/23/EWG 
89/336/EWG 
93/68/EWG 

 
Place and date of issue: 
 

 
Essen, July 1, 1996 
 

 
Signature of authorized person: 
 
 

 
Stephan Danulat 

 
This declaration corresponds to EN 45 014 
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7 Certificates 
 
7.2 EMC Test NRW GmbH „EC-Conformity-Certificate“ 
 
The regulations of the European Directive for electromagnetic compatibility (RFI) are met - in many of 
these tests our instruments even exceed in performance. After checking our systems, the approved 
certification body (EMC Test NRW GmbH) attested the performance with an EC-Conformity-Certificate 
(043a/96). Therefore our instruments are labeled with the CE-mark. 
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7 Certificates 
 
7.3 RW-TÜV GmbH „GS-mark“ 
 
The regulations of the European Directive for technical equipment are met. The tests according to EN 
61010-1 also cover the requirements of the low voltage regulation which is due since January 1st, 1997. 
After checking our systems RWTÜV Anlagentechnik GmbH attested the compliance with a statement of 
authorization (1064/96). Therefore our instruments are labeled with the GS-mark. 
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to: optek-Danulat GmbH 
 Haedenkampstr. 18    Phone: (++49) 201 / 63 40 90 
 45143 Essen (GERMANY)   Fax:  (++49) 201 / 63 40 911 
              
from: Company: 
              
 Name: 
              
 Department: 
              
 Street: 
              
 ZIP-Code / City: 
              
 Phone : 
              
 Fax: 
              
 
Dear Sirs, 
 
Please forward the following information to the responsible manager. 
 
O I am interested in Inline-Photometry - please keep me informed. 
 
O The following colleague in our company may be interested in Inline-Photometry: 
 
  name:            
 
  department:           
 
  phone:            
 
O I am interested in the following application: 
 
              
 
              
 
              
 
O We are already using your equipment - model:        
 
O We are using another manufacturer:         
 
O Please call me. 
              
 
 I found the instruction manual for model         
 
      good O O O O O not good 
 
 I suggest following improvements:          
 
              
 
              
 
Best regards 
 
 
Date / Signature 

Fax-Reply 
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�"3
14�
 
This apparatus has been designed and tested according to IEC publication 61010. “Safety 
Requirements for Electronic Measuring Apparatus” and complies with Safety Class III. This User 
Manual contains information which should be followed by the user in order to ensure safe operation 
and maintain the PCH 1240 in a safe condition. 
 
 
 

 5    6"��	��)�
 
�

 
• If the PCH1240-CHF5210 Vibration Guard develops a fault, switch it off and secure it 

against unintended use. 
 

•   Cable gland with fixed cable: ��������	
����	����������������������	������������, this 
will damage the PCH1240-CHF5210  Vibration Guard, with no possibility for repair.  

 
 
 

��+4�	��1�
 
Copyright © 2003, PCH Engineering A/S. All rights reserved. No part of this User Manual may be 
reproduced or redistributed in any form or by any means without consent in writing from: 
 
�������	�

�	������
�
������
��� �
&��7�% �$��(�)���*�
&
�*"�/�
 
Phone: +45 4576 8776 
Fax: +45 4576 8702 
Email: pch@pch-engineering.dk 
Inet: www.pch-engineering.dk 
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  1.0.  Possible uses  4 
 
  2.0.  Monitoring capabilities 

  
4 

 
  3.0.  Functionality 

  
4 

 
  4.0.  Technical data 

  
5 

 
  5.0.  Configuring the PCH1240/CHF5210 Vibration Guard 

  
7 

 
  6.0.  Configuring the Alarms 

  
8 

 
  7.0.  System Test 

  
9 

 
  8.0.  Watchdog 

  
10 

 
  9.0.  Relays 

  
10 

 
10.0.  4 – 20 mA DC Output 

  
10 

 
11.0.  Mounting of the PCH1240/CHF5210 Vibration Guard 

  
10 

 
12.0.  Cable connections 

  
11 
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We congratulate you with your new Vibration Guard and thank you for choosing vibration products 
from PCH Engineering A/S. 
 
 
 
9.$.���))	��
�:)
)��
 
The PCH1240/CHF5213 can be used to monitor overall true r.m.s. vibration levels in applications 
like pumps, blowers, ventilators, decanters, separators, centrifuges, mills and milling equipment. 
 
 
 
%.$.�;��	1��	���,"+"�	�	1	
)�
 
The PCH1240-CHF5210  Vibration Guard constantly keeps track of the machine vibration level. 
The Vibration Guard has two adjustable alarms, which can be used to give alarms if the machine 
vibration exceeds the acceptable or allowed limit. Hence the user obtains an active protection of the 
machine resulting in a considerable reduction of machine damages and accidents and thereby 
decreasing the maintenance expenses. 
 
 
 
 

<.$.�!:�,1	��"�	14�
 
The Vibration Guard consists of a vibration accelerometer as well as conditioning-, alarm- and 
output circuitry, all situated in a Stainless Steel housing. The PCH1240-CHF5210  monitors seismic 
mechanical vibrations according to DIN/ISO 10816. PCH1240-CHF5210  can be configured to 
measure Velocity �**)��or Acceleration �*)

�

�. This measuring parameter is to be determined 
prior to ordering. 
 
Measurement Range and Alarm Limits can be "�=:)1
���	�
,1�4�in the PCH 1240, according to the 
machine type and size it has to monitor. The present vibration level is constantly compared with the 
two Alarm Limits and if an Alarm Limit is exceeded the corresponding ��"�*�>
�"4��A1 or D1) 
will trigger and thereby inform the user, e.g. via a connected rotor light, beeper, controller or by 
directly shutting down the machine. Both Alert (A1) and Danger (D1) have build in Delay Time, 
which prevents false alarms due to momentary transients. Also the PCH 1240 has a built in ?"1,��
3:�,1	��, ensuring that the Alarm Relay stays triggered, even though the vibration level has 
decreased again, until it has been manually/remotely reset. PCH 1240 also provides a �'%$�*��&��
output�signal, which always expresses the vibration level relative to the chosen measuring range. 
The 4-20 mA DC output is also used to read out the Alarm Limits of the Vibration Guard. 
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Vibration measuring parameter 
 
 

Velocity in mm/s (Standard)or 
Acceleration in m/s2 
(This must be stated when ordering) 

Measuring range �
��,	14:  0,3-10 mm/s, 0,3-20 mm/s or 0,3-50 mm/s 
Acceleration:  0.1-10 ms2, 0.1-20 ms2 or 0.1-50 ms2  
(Selectable by DIP Switch) 

Frequency range 10 Hz – 1000 Hz, 40dB/dec.  
Other options:  1 Hz – 300 Hz,   
(This must be stated when ordering) 

Alert & Danger Alarm Levels Adjustment range for level setting is 10-100% of 
Output Current = max. Measuring range 

Overall accuracy  ± 3 % 

DC Output Current 4-20 mA, Load resistance range 200-400 Ω 

Alarm output The monitor is equipped with two relays with make 
and brake function. Both relays can be set to latch or 
auto reset. (Max 30 V, 1 A) 

Test function Test function can be activated remotely. The relays are 
activated after the duration of the respective Delay 
times, and the output current goes to max. approx. 20 
mA 

Watchdog The sensor is equipped with an internal watchdog for 
the sensor.  
At sensor failure the Danger relay is activated. 

Power Failure If the power is cut, both relays will trigger 
(Normally energised, FAIL SAFE) 

  

Measuring direction Measuring direction axis is parallel to the mounting 
stud. 

  

Power supply +24 V DC ± 10 %, max. 83 mA 
Power Consumption max. 2.2 W 

Cable Oil resistant, PUR, screened. 12 x 0,25 mm2 open end. 
Standard cable length: 2 meter.  
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Housing and dimension Stainless Steel  Type 1.4305 
Height 107 mm incl. mounting stud. 
Diameter 47 mm without Cable gland 
Width across hexagon 41 mm 

Mounting Threaded Stud,�M 8x mm internal thread 
Mounting torque approx. 6.8 Nm 

  

Ingress Protection  IP68 

Operational Temperature range Tamb = –20°C ≤ Ta ≤ +70°C 

Installation locations NO installation in explosion protection area 

 
 
 

������������ �;��&	�
,1	@
�A�?�2����1"�
�&	�
,1	@
�

�
,:�	14� EN61010-1 and IEC 101-1 

�;���*	))	��� EN50081-1 and CISPR22 

�;��0**:�	14� EN50082-2 

;"#	*:*��:*	�	14� IEC68: 95% RH 

;
,�"�	,"���	��"1	���
(non-operating) 

IEC68-2-6: 0.3mm, 20 m/s2, 10-500 Hz 

;
,�"�	,"�����,/�
(non-operating) 

IEC68-2-27: 750 m/s2 

;
,�"�	,"��B:*+�
(non-operating) 

IEC68-2-29: 1000 bumps at 250 m/s2 

 
84+
�9%���8�C�
 

�������	�������
According to ATEX directive 94/9/EC 

EEx d IIC T6 
 0539  II 2 GD 

Tamb: -20�������������C 
Nemko 03ATEX125 

 
 

����:,1	���D:"�	14��)):�"�,
�E�1	3	,"1	����4�F?�&
*/��$�< .
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�
�.$.����3	�:�	���1�
����9%�$9%�$��	��"1	���G:"���
 
To configure the Vibration Guard the lid must be removed. ������������������ !"#$%� &'"!$��
(��	���������	��)��������*�������������������	����
�����	�����+ First dismount the three 
screws of the lid using a 2 mm Allen key and then unscrew the brass bolt using a 10 mm Allen key. 
The configuration pad showed in figure 5.1 will then appear. The configuration elements on the pad 
are explained below. 
 

 
�������	
���������������������������������	������������������� ��

 
 
 
�.9.�?�&�	��	,"1��)�
 
There are three LED’s inside the PCH 1240: 
  
 Power  LED will light when power (+24V) is connected 
  
 Danger Red LED will light when Danger level is exceeded 
 
 Test  LED will light when Test function is activated (from remote) 
 
�.%.��2	1,��!:�,1	��)�
�

SW1, SW2  Measuring range settings    
 SW3, SW4, SW5 Selects output read-out 
 SW6, SW7  Latch or Auto-reset function of Alert and Danger 
  No Function at the PCH 1240 
 SW8 Connects housing (chassis) of Vibration Guard to Power GND 
 
�
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11	��)��
 

 SW1 SW2   SW3 SW4 SW5   SW6 SW7   SW8 
10mm/s Off Off  Vib. 

level 
On Off Off  Latched, No 

Function at 
the PCH 1240 

Off Off  House 
to 
GND 

On 

20mm/s On Off  Alert Off On Off  Reset Alert On -    
50mm/s Off On  Danger Off Off On  Reset Danger - On    
               
Not Valid On On    
  

�������	�
�������������
��
�������������  

 
 

 

            
            
!��	�������"����!����	#�$� � � � �
� � � � �
 SW1 SW2   SW3 SW4 SW5   SW6 SW7   SW8 
 Off Off   On Off Off   On On   On 

 
 
F)
��1	+��The connection relating to SW8 is based on the fact that in an industrial environment 
there are often many electrical disturbances, which may influence the Vibration Guard. Therefore 
the SW8 is a function enabling the user to choose whether or not the GND should be connected to 
the Vibration Guard main housing (chassis). If the SW8 is in the HE position, the housing will be 
connected to GND, if set to H!! there is no connection between chassis and GND. 
�
�
�.�.����"�*�?
@
����=:)1*
�1)�
�
Two potentiometers are provided for the adjustment of the alarm levels for Alert and Danger, 
respectively. The preset level can be monitored on the DC current output (4-20 mA), when actual 
Switch is engaged, see chapter 6. 
 
�
�.$.����3	�:�"1	����3�1�
���"�*)�
�

�%��&'�(��)����*
�� !+,� !+�� !+ �
Present Vibration level ON OFF OFF 
Alert level OFF ON OFF 
Danger level OFF OFF ON 
!����"
����#$����������������������������������

 
PCH1240-CHF5210 offers two build in independent Alarm detectors. The first is intended for 
warning and hence it is named Alert (A1) and the second is intended for immediate action and 
hence it is named Danger (D1). For each of the two Alarm levels a potentiometer is available for 
adjustment. 
 
To adjust the Alarm Levels first set the switches according to table 6.1 to read out the desired 
output type. Connect an Amp meter that can measure the 4-20mA DC signal with a load resistor of 
200 –�	��� ��
����
�������������������
��
������
���������������������
������������������������� 
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�.9.����3	�:�"1	����3�1�
���
�1�"�"�*�
�
To change the Alert alarm the dipswitch �6<��")�1���
�)
1�1��1�
�H!!�+�)	1	��I��6��HE�"���
�6��H!!.  Connect a 4-20 mA measuring device to the Vibration Guard, and read the alarm limit 
value on the display. The user can change the value of the Alert alarm by turning the potentiometer 
Alert Level using a small screwdriver.  
 
�#"*+�
� If the measuring range is 0 – 20 mm/s, this results in a proportional 4 – 20 mA output. If 
the Alert alarm is to trigger at 10 mm/s, then the Alert potentiometer has to be turned to reach a 
value of (4 mA+8 mA) = 12 mA. When 12 mA is shown on the display of the connected 4-20 mA 
measuring device, the Alert relay will trigger at 10mm/s. 
 
 
�.%.����3	�:�"1	����3�1�
�&"��
��"�"�*�
�
To change the value of the Danger alarm the dipswitches has to have the following settings: �6�<�
H!!I��6���H!!�"����6���HE. Follow the procedure for setting the Alert level, but use 
potentiometer for Danger Level to change the value.  
 
 
F)
��1	+:  The alarm relays will be activated when the vibration level exceeds the preset alarm 
values after the end of the fixed delay time, 10 sec for Alert and 5 sec for Danger. 
 
F)
��1	+:  Please be sure that the dipswitches are set at the following settings when you have 
finished configuring the Vibration Guard: �6�<�HEI��6���H!!�"����6���H!!. If the settings do 
not conform to these values under operation, the Vibration Guard will have no alarm functions 
active. 
 
F)
��1	+:  When configuring the monitor please only use a screwdriver with the following values: 
Blade width 1,8mm, blade thickness 0,5 mm, blade length 30mm. Total length 60 mm. This is to 
protect the electronic components from being damaged. 
 
 
 
�.$.��4)1
*�8
)1�
 
The user can at any time force the Vibration Guard into Test Mode by connecting the remote 
terminal for this operation to GND. Red wire to GND (0 V). 
 
When System Test Function is chosen, the Test LED will light, indicating that the Vibration Guard 
is in test mode. The DC output will increase to the max. level and both alarm relays will trigger 
when their delay time expire, respectively. When the red wire is disconnected from the GND, the 
DC output will return to the actual vibration level. The relays, if in reset mode, will be deactivated 
and go back to normal.  
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�.$.�6"1,�����
 
The PCH 1240 Vibration Guard has a built in watchdog which constantly monitors the bias of the 
internal accelerometer. The Bias of the accelerometer is a measure for the health of the vibration 
transducer itself. If failure in the Bias is detected, the Danger relay will be triggered. 
 
 
 .$.�>
�"4)�
 
Both alarm relays are FAIL SAFE, meaning they are energized when Power is connected to the 
PCH1240. 
� �
��
�
9$.$.��'%$�*��&��H:1+:1�
� �
The resistance of the loading resistor must be in the range of 200 to 400 Ω 
�
�
�
99.$.�;�:�1	����3�1�
����9%�$��	��"1	���G:"�� 
 
The Vibration Guard is only sensitive to vibration in the direction parallel to the threaded stud, as 
indicated on the right hand drawing below. For proper mounting of the Vibration Guard, a smooth 
surface of min. Ø28 with an M8 mm thread in the middle, should be prepared. The M8 thread pin 
must have a depth of at least 10 mm. 
 
 
              Arrow direction= measurement direction 
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9%.$.��"��
�,���
,1	��)�
�
�

Number Colour Function � �

1 Pink +24 V � �

2 Blue GND � �

3 Grey  Current Output 4-20 mA � �

4 Yellow Relay Alert C � �

5 Green Relay Alert No H+
�	����4�
"�"�*�

�

6 Red/Blue  Relay Alert NO H+
�	����4�
"�"�*�

�

7 White Relay Danger C � �

8 Red  /Test active � �

Screen Screen House � �

�
Version 08-05 
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�

EEx d IIC T6 
 0539  II 2 GD 

Tamb: -20�������������C 
Nemko 03ATEX125 

 
 
 
 
 
 
 
 
 
�������	�

�	������ ����
�� ����������������
�
������
��� � !"#�� �������������$%�
&�'% �$��(�)���*� �'*"	��� +,�-+,�'
��	�

�	��.�/�
&
�*"�/� 0'�
1�� 222.+,�'
��	�

�	��.�/�

�
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�"3
14�
 
This apparatus has been designed and tested according to IEC publication 61010. “Safety 
Requirements for Electronic Measuring Apparatus” and complies with Safety Class III. This User 
Manual contains information which should be followed by the user in order to ensure safe operation 
and maintain the PCH 1255 in a safe condition. 
 
 
�#+��)	����"5"���
 
The PCH 1255 Vibration Guard is certified according to the ATEX directive 94/9/EC for Zone 1 
installations. It makes use of a Flameproof Enclosure (d) according to EN 50018. 
 
PCH 1255 has the following certification code: 
 

EEx d IIC T6 
 0539  II 2 GD 

Tamb: -20������������C 
Nemko 03ATEX125 

 
 

 6    7"��	��)�
 

• ����������������(��	���������	���)��������*�������������������	����
�����	�����+�
 

• If the PCH 1255 Vibration Guard develops a fault, switch it off and secure it against 
unintended use. 

 
•   Cable gland with fixed cable: ��������	
����	����������������������	������������, this 

will damage the PCH 1255 Vibration Guard, with no possibility for repair.  
 
 
 

��+4�	��1�
 
Copyright © 2003, PCH Engineering A/S. All rights reserved. No part of this User Manual may be 
reproduced or redistributed in any form or by any means without consent in writing from: 
 
�������	�

�	������
�
������
��� �
&��8�% �$��(�)���*�
&
�*"�/�
 
Phone: +45 4576 8776 
Fax: +45 4576 8702 
Email: pch@pch-engineering.dk 
Internet: www.pch-engineering.dk 
 
 

�����	����������.	�/�
 
Telfon : 0049- (0)2153-91087- 0 
Fax : 0049- (0)2153-91087- 29 
 
Email : Info@sensor-messtechnik.de 
Internet : www.sensor-messtechnik.de 
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��3�,��1
�1)�
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We congratulate you with your new Vibration Guard and thank you for choosing vibration products 
from PCH Engineering A/S. 
 
 
:.$.���))	��
�;)
)��
 
The vibration guard PCH1255 is an ATEX certified product under the ATEX Directive 94/9/EC. 
The PCH 1255 is designed in a Flameproof Enclosure (d) and certified according EN 50014 and EN 
50018, making it applicable for Zone 1 installations.  
 
The PCH1255 can be used to monitor overall true r.m.s. vibration levels in applications like pumps, 
blowers, ventilators, decanters, separators, centrifuges, mills and milling equipment. 
 
 
 
%.$.�<��	1��	���,"+"�	�	1	
)�
 
The PCH 1255 Vibration Guard constantly keeps track of the machine vibration level. The 
Vibration Guard has two adjustable alarms, which can be used to give alarms if the machine 
vibration exceeds the acceptable or allowed limit. Hence the user obtains an active protection of the 
machine resulting in a considerable reduction of machine damages and accidents and thereby 
decreasing the maintenance expenses. 
 
 
 
 

=.$.�!;�,1	��"�	14�
 
The Vibration Guard consists of a vibration accelerometer as well as conditioning-, alarm- and 
output circuitry, all situated in a Stainless Steel housing. The PCH 1255 monitors seismic 
mechanical vibrations according to DIN/ISO 10816. PCH 1255 can be configured to measure 
Velocity �**)��or Acceleration �*)

�

�. This measuring parameter is to be determined prior to 
ordering. 
 
Measurement Range and Alarm Limits can be "�>;)1
���	�
,1�4�in the PCH 1255, according to the 
machine type and size it has to monitor. The present vibration level is constantly compared with the 
two Alarm Limits and if an Alarm Limit is exceeded the corresponding ��"�*�?
�"4��A1 or D1) 
will trigger and thereby inform the user, e.g. via a connected rotor light, beeper, controller or by 
directly shutting down the machine. Both Alert (A1) and Danger (D1) have build in Delay Time, 
which prevents false alarms due to momentary transients. Also the PCH 1255 has a built in @"1,��
3;�,1	��, ensuring that the Alarm Relay stays triggered, even though the vibration level has 
decreased again, until it has been manually/remotely reset. PCH 1255 also provides a �'%$�*��&��
output�signal, which always expresses the vibration level relative to the chosen measuring range. 
The 4-20 mA DC output is also used to read out the Alarm Limits of the Vibration Guard. 
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��.$.�9
,��	,"���"1"�
 

Vibration measuring parameter 
 
 

Velocity in mm/s (Standard)or 
Acceleration in m/s2 
(This must be stated when ordering) 

Measuring range �
��,	14:  0,1-10 mm/s, -20 mm/s or -50 mm/s 
Acceleration:  0.1-10 ms2, 0.1-20 ms2 or 0.1-50 ms2  
(Selectable by DIP Switch) 

Frequency range 10 Hz – 1000 Hz, 40dB/dec.  
Other options:  1 Hz – 300 Hz,  
(This must be stated when ordering) 

Alert & Danger Alarm Levels Adjustment range for level setting is 10-100% of 
Output Current = max. Measuring range 

Overall accuracy  ± 3 % 

DC Output Current 4-20 mA, Load resistance range 200-400 Ω 

Alarm output The monitor is equipped with two relays with make 
and brake function. Both relays can be set to latch or 
auto reset. (Max 30 V, 1 A) 

Test function Test function can be activated remotely. The relays are 
activated after the duration of the respective Delay 
times, and the output current goes to max. approx. 20 
mA 

Watchdog The sensor is equipped with an internal watchdog for 
the sensor.  
At sensor failure the Danger relay is activated. 

Power Failure If the power is cut, both relays will trigger 
(Normally energised, FAIL SAFE) 

  

Measuring direction Measuring direction axis is parallel to the mounting 
stud. 

  

Power supply +24 V DC ± 10 %, max. 83 mA 
Power Consumption max. 2.2 W 

Cable Oil resistant, PUR, screened. 12 x 0,25 mm2 open end. 
Standard cable length: 2 meter.  
 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 2079 of 2133



�������	��
��������������  ���� ��-�
�

 
 
M-PCH1255-CHF5209_GB 22-10-2005 Page 6 of 11 

Housing and dimension Stainless Steel  Type 1.4305 
Height 111 mm incl. mounting stud. 
Diameter 63,5 mm without Cable gland 
Width across hexagon 55 mm 

Mounting Threaded Stud,�M12x1,75 mm external thread 
Mounting torque approx. 6.8 Nm 

  

Ingress Protection  IP68 

Operational Temperature range Tamb = –20°C ≤ Ta ≤ +70°C 

Installation locations NO outdoor installation is allowed. 

 
 
 

������������ �<��&	�
,1	A
�B�@�2����1"�
�&	�
,1	A
�

�
,;�	14� EN61010-1 and IEC 101-1 

�<���*	))	��� EN50081-1 and CISPR22 

�<��0**;�	14� EN50082-2 

<"#	*;*��;*	�	14� IEC68: 95% RH 

<
,�"�	,"���	��"1	���
(non-operating) 

IEC68-2-6: 0.3mm, 20 m/s2, 10-500 Hz 

<
,�"�	,"�����,/�
(non-operating) 

IEC68-2-27: 750 m/s2 

<
,�"�	,"��C;*+�
(non-operating) 

IEC68-2-29: 1000 bumps at 250 m/s2 

 
 
 

�������	�������
According to ATEX directive 94/9/EC 

EEx d IIC T6 
 0539  II 2 GD 

Tamb: -20�������������C 
Nemko 03ATEX125 

 
 

����;,1	���D;"�	14��));�"�,
�E�1	3	,"1	����4�F@�&
*/��$�= .
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�
�.$.����3	�;�	���1�
����:%����	��"1	���G;"���
 
To configure the Vibration Guard the lid must be removed. ������������������ �!"''�(��	������
���	��)��������*�������������������	����
�����	�����+ First dismount the three screws of the 
lid using a 2 mm Allen key and then unscrew the brass bolt using a 10 mm Allen key. The 
configuration pad showed in figure 5.1 will then appear. The configuration elements on the pad are 
explained below. 
 

Vibration Guard PCH 1255

 
�������	
����������������������������		��������������� ��

 
 
 
�.:.�@�&�	��	,"1��)�
 
There are three LED’s inside the PCH 1255: 
  
 Power  LED will light when power (+24V) is connected 
  
 Danger Red LED will light when Danger level is exceeded 
 
 Test  LED will light when Test function is activated (from remote) 
 
 
 
�.%.��2	1,��!;�,1	��)�
�

SW1, SW2  Measuring range settings    
 SW3, SW4, SW5 Selects output read-out 
 SW6, SW7  Latch or Auto-reset function of Alert and Danger 
 SW8 Connects housing (chassis) of Vibration Guard to Power GND 
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�.=.��2	1,��)
11	��)��
 

 SW1 SW2   SW3 SW4 SW5   SW6 SW7   SW8 
10mm/s Off Off  Vib. 

level 
On Off Off  Latched Off Off  House 

to 
GND 

On 

20mm/s On Off  Alert Off On Off  Reset Alert On -    
50mm/s Off On  Danger Off Off On  Reset Danger - On    
               
Not Valid On On    
  

�������	�
�������������
��
�������������  

 
 

 

            
            
���	�����������������	#�$� � � � �
� � � � �
 SW1 SW2   SW3 SW4 SW5   SW6 SW7   SW8 
 Off Off   On Off Off   On On   On 

 
 
F)
��1	+��The connection relating to SW8 is based on the fact that in an industrial environment 
there are often many electrical disturbances, which may influence the Vibration Guard. Therefore 
the SW8 is a function enabling the user to choose whether or not the GND should be connected to 
the Vibration Guard main housing (chassis). If the SW8 is in the HE position, the housing will be 
connected to GND, if set to H!! there is no connection between chassis and GND. 
�
�
�.�.����"�*�@
A
����>;)1*
�1)�
�
Two potentiometers are provided for the adjustment of the alarm levels for Alert and Danger, 
respectively. The preset level can be monitored on the DC current output (4-20 mA), when actual 
Switch is engaged, see chapter 6. 
 
�
�
�.$.����3	�;�"1	����3�1�
���"�*)�
�

�%��&'�(��)����*
�� ��,� ���� �� �
Present Vibration level ON OFF OFF 
Alert level OFF ON OFF 
Danger level OFF OFF ON 
!����"
����#$����������������������������������

 
PCH 1255 offers two build in independent Alarm detectors. The first is intended for warning and 
hence it is named Alert (A1) and the second is intended for immediate action and hence it is named 
Danger (D1). For each of the two Alarm levels a potentiometer is available for adjustment. 
 
To adjust the Alarm Levels first set the switches according to table 6.1 to read out the desired 
output type. Connect an Amp meter that can measure the 4-20mA DC signal with a load resistor of 
200 – 400 ��
����
�������������������
��
������
���������������������
������������������������� 
 
 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 2082 of 2133



�������	��
��������������  ���� ��-�
�

 
 
M-PCH1255-CHF5209_GB 22-10-2005 Page 9 of 11 

 
�.:.����3	�;�"1	����3�1�
���
�1�"�"�*�
�
To change the Alert alarm the dipswitch �7=��")�1���
�)
1�1��1�
�H!!�+�)	1	��I��7��HE�"���
�7��H!!.  Connect a 4-20 mA measuring device to the Vibration Guard, and read the alarm limit 
value on the display. The user can change the value of the Alert alarm by turning the potentiometer 
Alert Level using a small screwdriver.  
 
�#"*+�
� If the measuring range is 0 – 20 mm/s, this results in a proportional 4 – 20 mA output. If 
the Alert alarm is to trigger at 10 mm/s, then the Alert potentiometer has to be turned to reach a 
value of (4 mA+8 mA) = 12 mA. When 12 mA is shown on the display of the connected 4-20 mA 
measuring device, the Alert relay will trigger at 10mm/s. 
 
 
�.%.����3	�;�"1	����3�1�
�&"��
��"�"�*�
�
To change the value of the Danger alarm the dipswitches has to have the following settings: �7�=�
H!!I��7���H!!�"����7���HE. Follow the procedure for setting the Alert level, but use 
potentiometer for Danger Level to change the value.  
 
 
F)
��1	+:  The alarm relays will be activated when the vibration level exceeds the preset alarm 
values after the end of the fixed delay time, 10 sec for Alert and 5 sec for Danger. 
 
F)
��1	+:  Please be sure that the dipswitches are set at the following settings when you have 
finished configuring the Vibration Guard: �7�=�HEI��7���H!!�"����7���H!!. If the settings do 
not conform to these values under operation, the Vibration Guard will have no alarm functions 
active. 
 
F)
��1	+:  When configuring the monitor please only use a screwdriver with the following values: 
Blade width 1,8mm, blade thickness 0,5 mm, blade length 30mm. Total length 60 mm. This is to 
protect the electronic components from being damaged. 
 
 
 
�.$.��4)1
*�9
)1�
 
The user can at any time force the Vibration Guard into Test Mode by connecting the remote 
terminal for this operation to GND. Red wire to GND (0 V). 
 
When System Test Function is chosen, the Test LED will light, indicating that the Vibration Guard 
is in test mode. The DC output will increase to the max. level and both alarm relays will trigger 
when their delay time expire, respectively. When the Red wire is disconnected from the GND, the 
DC output will return to the actual vibration level. The relays, if in reset mode, will be deactivated 
and go back to normal.  
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The PCH 1255 Vibration Guard has a built in watchdog which constantly monitors the bias of the 
internal accelerometer. The Bias of the accelerometer is a measure for the health of the vibration 
transducer itself. If failure in the Bias is detected, the Danger relay will be triggered. 
 
 
 .$.�?
�"4)�
 
Both alarm relays are FAIL SAFE, meaning they are energized when Power is connected to the 
PCH1255. 
� �
��
�
:$.$.��'%$�*��&��H;1+;1�
� �
The resistance of the loading resistor must be in the range of 200 to 400 Ω 
�
�
�
::.$.�<�;�1	����3�1�
����:%����	��"1	���G;"�� 
 
The Vibration Guard is only sensitive to vibration in the direction parallel to the threaded stud, as 
indicated on the right hand drawing below. For proper mounting of the Vibration Guard, a smooth 
surface of min. Ø28 with an M12x1,75 thread in the middle, should be prepared. The M12 thread 
must have a depth of at least 9 mm. 
 
 
 

 

CHO 1098 rev. 01

M12x1,75

Ø28

 

 
 
 

CHO 1099 rev. 01

Ø28

M12x1,75

 

'��0��������	�1�����
��	#��������	�
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,1	��)�
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�

Number Colour Function � �

1 Pink  + 24V � �

2 Blue GND � �

3 Grey  Current Output 4-20 mA � �

4 Green  Relay Alert C  � �

5 Yellow  Relay Alert NO  C�"/
��4�"�"�*� �

6 White Relay Danger NO C�"/
��4�"�"�*�� �

7 Brown Relay Danger C � �

8 Red /Test active � �

9 Red/Blue Relay Alert NC � �

10 Grey/Pink Relay Danger NC � �

11 Violet /Reset alarm relays � �

Screen Screen House � �

�

           
 
 
Note: The relay contacts are drawn, if the power supply isn’t switched on. 
 
Version 10.2005.02 
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User Manual for 
Type PCH 1275 and PCH 1277  

Compact Vibration Guard 
 

Valid for the following customer specifications - refer to PCH 1275/1277 label 
PCH1275:      

CHF5209  CHF8002  CHF8005  CHF8006  CHF8007  CHF8008  
CHF8009  CHF8012  CHF8015  CHF8017  CHF8023  CHF8026  
CHF8037  CHF8047  CHF8048  CHF8052  CHF8053  CHF8054  

PCH1277:      

CHF8038  CHF8039   CHF8040  
 

CHF8044  
 

  

      
 

 
 

                      Ex d IIC T6 (standard)                        Ex d I T6 (for use in mines) 
 0539  II 2 GD T75°C  (standard)     0539  I M2 (for use in mines) 

Tamb: -20° C ≤ Ta ≤ + 65° C 
NEMKO 07ATEX1261 

 
 
 

May 2008 

Manual CHF 2033 UK revision 16 
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Copyright 
 

Copyright © 2007, PCH Engineering A/S. All rights reserved. No part of this User Manual 
may be reproduced or redistributed in any form or by any means without consent in writing 
from: 
 
PCH Engineering A/S 
Ved Klædebo 9 
DK – 2970 Hørsholm 
Denmark 
 
Phone: +45 4576 8776 Email: pch@pch-engineering.dk 
Fax:      +45 4576 8702 Internet: http://www.pch-engineering.dk 

 

 
Safety 
 
This apparatus has been designed and tested according to IEC publication 61010. “Safety 
Requirements for Electronic Measuring Apparatus” and complies with Safety Class III. 
This User Manual contains information, which should be followed by the user in order to 
ensure safe operation and maintain the PCH 1275/1277 Compact Vibration Guard in a safe 
condition. 
 
Explosion Hazard 
The PCH 1275/1277 Compact Vibration Guard is certified according to the ATEX 
directive 94/9/EC for Zone 1 installations. It makes use of a Flameproof Enclosure (d) 
according to EN 60079-1. 
 
PCH 1275/1277 Compact Vibration Guard has the following certification codes: 

 
                      Ex d IIC T6 (standard)   Ex d I T6 (for use in mines) 

 0539  II 2 GD T75°C (standard)     0539  I M2 (for use in mines) 
Tamb: -20° C ≤ Ta ≤ + 65° C 

07ATEX1261 
 

 !    Warnings: 
 Do NOT open the PCH 1275/1277 Compact Vibration Guard when an 

Explosive Gas Atmosphere may be present 
 If the PCH 1275/1277 Compact Vibration Guard develops a fault, switch it 

off and secure it against unintended use 
 For models with cables fixed to the housing: 

 Do NOT try to remove the cable gland from the house, because this will 
damage the PCH 1275/1277 Vibration Guard beyond repair 

 Do NOT carry the PCH 1275/1277 Compact Vibration Guard around 
while holding it by the cable 
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1 Applications 
 

The PCH 1275/1277 Compact Vibration Guard is an ATEX certified product under the 
ATEX Directive 94/9/EC. The PCH 1275/1277 Compact Vibration Guard is designed in a 
Flameproof Enclosure (d) and certified according EN 50014 and EN 50018, making it 
applicable for Zone 1 installations. 

 
The PCH 1275/1277 Compact Vibration Guard is maintenance free and can be used to 
monitor overall True RMS vibration levels in applications with machines like pumps, 
blowers, ventilators, decanters, separators, centrifuges, mills and milling equipment. 
 
 
 

!  Warning: 
However, if the Vibration Guard after half a year of operation needs to have 
removed the lid for change of or check of settings, the O-ring that seals the lid 
should be replaced. Please contact the manufacturer PCH Engineering for 
delivery of a new O-ring. 
 
 
 

The PCH 1275/1277 Compact Vibration Guard continuously keeps track of the vibration 
level of a machine at the point where it is fixed to that machine. 
 
The PCH 1275/1277 Compact Vibration Guard has two adjustable alarms called Alert and 
Danger, which can be used to give alarms if the machine True RMS vibration level 
exceeds the respective pre-set trigger levels for acceptable vibration under normal 
operation conditions. 
 
The early warnings produced by the PCH 1275/1277 Compact Vibration Guard allow 
protective action(s) while the fault is still under development thus resulting in a 
considerable reduction of machine damages, machine down-time, accidents and thereby 
considerably reducing the maintenance expenses. 
 
The fact that the machine is monitored 24 hours per day – and all year round – ensures that 
rapid developing catastrophic machine errors are detected in time, errors that might be 
missed when measuring vibration at certain maintenance intervals only. 
 
The PCH 1275/1277 Compact Vibration Guard is a family member of the PCH 1x7x 
series. Its features compared with the other family members are listed in the feature 
matrix: 
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PCH 1x7x Feature Matrix 
  Monitor Type 
Feature PCH 1072 PCH 1270 PCH 1272 PCH 1275 PCH 1277 
Din Rail x         
Compact   x x x x 
Atex       x x 
Dip Switch   x x x x 
RS-485 x   x   x 
Int. Sensor   x x x x 
Ext. Sensor x         
Display x         

 
The PCH 1277 Vibration Guard have a RS485 interface which can be used to read-out the 
vibration level and status information and change some of parameters inside the Vibration 
Guard. The pc-program used for this is called xCom. The xCom program is contained in 
the PCH 1277 Vibration Guard package. 
 
The PCH 1275 Vibration Guard has no serial interface or any other connections for 
computer communication. 
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2 Customer Specification Agreement 
 

All parameters are prior to delivery pre-set to a default value by the manufacturer PCH 
Engineering. Customers can enter a signed “Customer Specification Agreement” with the 
manufacturer PCH Engineering, which will allow the customer to get the PCH 1275/1277 
Compact Vibration Guard delivered with a parameter set-up that differs from the default 
values. The customer specification agreement will describe the total set-up configuration 
of the Vibration Guard prior to delivery, including e.g. the colours of the power- and 
signal cables. Units configured according to this particular set of set-up parameters will 
get a type number CHFxxxx (where xxxx is a 4-digit number), which will be mentioned 
on a label that is fixed to the enclosure of the PCH 1275/1277 Compact Vibration Guard. 
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3 Functionality 
 
The PCH 1275/1277 Vibration Guard consists of a built-in vibration accelerometer, as 
well as conditioning-, alarm- test- and output circuitries, all situated in an ATEX certified 
stainless steel enclosure. 
 
The PCH 1275/1277 Compact Vibration Guard is designed to monitor seismic mechanical 
vibrations on machines according to DIN/ISO-10816. In compliance with this standard the 
machine vibration must be monitored in mm/s and within a frequency bandwidth of 10 – 
1000 Hz. 
 
Depending on the size of the machine the customer will have to make a few decisions 
concerning the setup of a number of parameters. In the sections below these setup 
parameters are gradually explained and described, including the influence the customer 
has on changing the setup of some of these parameters. 
 
In the PCH 1275/1277 Compact Vibration Guard the momentary vibration level is 
continuously compared with two alarm trigger levels respectively called Alert and Danger. 
If an alarm trigger level has been exceeded, the corresponding Alarm Relay (respectively 
A1 or D1) will become activated and thereby inform the user, e.g. via a connected rotor 
light, beeper, controller or by directly shutting down the machine. 
 
The PCH 1275/1277 Compact Vibration Guard provides a 4-20 mA DC output signal, 
which at any time expresses the vibration level relative to the chosen measuring range. 
The same 4-20 mA DC output is also used during the setup procedure of the trigger levels 
of the Alert and Danger alarms. 
 
The functional operation of the PCH 1275/1277 Compact Vibration Guard depends on 
how a number of system and measurement parameters have been setup prior to putting the 
vibration guard into operation. 
 
Using DIP-switches that can be accessed – after the lid of the enclosure has been removed 
– the customer has the possibility to set a number of parameters by him/herself. See 
chapter 3.1 on how to remove the lid. 
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3.1 How to get access to the set-up DIP-switches 

 
If the need arises, the customer can change certain setup parameters by means of eight 
DIP-switches and two up/down pushbuttons. 
In order to have access to the DIP-switches and pushbuttons the customer will have to 
carry out the following procedure: 
1) Remove the three screws of the lid, using a 2 mm Allen key 
2) Remove the lid and the sealing O-Ring 
3) Remove the brass stopping plug, using a 10 mm Allen key 

 
!  Warning: 

Do NOT open the PCH 1275/1277 Compact Vibration Guard when an explosive 
gas atmosphere may be present. 

 
 !  Warning: 

If more than 6 months have passed since the delivery of the PCH 1275/1277 
Compact Vibration Guard, the sealing O-ring must be replaced by a new one. 
For spare seals, please contact the manufacturer PCH-Engineering. 

 
 
 

3.2 Measuring Parameter (mm/s or m/s2) 
 

The PCH 1275/1277 Compact Vibration Guard can be pre-configured to measure either 
velocity (mm/s) or acceleration (m/s2). This measuring parameter is normally to be 
specified prior to ordering. The PCH 1275/1277 Compact Vibration Guard will otherwise 
be delivered with velocity in mm/s as the default parameter in according to ISO-10816 
which is the most common standard. 
 
 !  Warning: 

The change of this measuring parameter in the PCH 1275 Vibration Guard can 
only be carried out using special equipment available at the manufacturer PCH 
Engineering. It is therefore necessary for the customer to return the PCH 1275 
Vibration Guard to the manufacturer for a measurement parameter change. 

 
In future models it will also be possible to order PCH 1275/1277 Compact Vibration 
Guards that can measure displacement as the measuring parameter. If you are interested in 
this feature you are kindly requested to contact the manufacturer PCH Engineering. 
Displacement will become available for low frequency bandwidth only, i.e. 3-150 Hz. 
 

 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 2097 of 2133



Type PCH 1275/1277 Compact Vibration Guard 
 

 Compact Vibration Guard – PCH 1275/1277 
PCH Engineering A/S 

User Manual 

Chapter 3-6 page of 33 

 
 

3.3 Measuring Range 
 

The measuring range is selectable by the customer using two DIP-switches (1 & 2) 
marked Meas. Range.  
 
Whenever the PCH 1275/1277 Compact Vibration Guard is setup to measure velocity in 
mm/s, the settings of DIP-switches 1 & 2 will have the following meaning: 

 
DIP-switch number  Range 

1 2 Full Scale (FS) Range mm/s 
Off Off FS 1 10 
On Off FS 2 20 
Off On FS 3 50 
On On FS 4 100 

 
 

Whenever the PCH 1275/1277 Compact Vibration Guard is setup to measure acceleration 
in m/s2, the settings of DIP-switches 1 & 2 will have the following meaning: 

 
DIP-switch number  Range 

1 2 Full Scale (FS) Range m/s2 
Off Off FS 1 10 
On Off FS 2 20 
Off On FS 3 50 
On On FS 4 100 

 
By default the DIP-switches 1 & 2 will be put in binary position: Off-Off for both the 
mm/s and the m/s2 range unless the customer and the manufacturer have entered a 
Customer Specification Agreement. See chapter 2 for further information. 
 
For more information on how to get access to the DIP-switches, please read chapter 3.1 of 
this manual. 

 
 

3.4 Frequency Bandwidth 
 

The PCH 1275/1277 can be delivered with different frequency bandwidths: 1-1000 Hz, 3-
1000 Hz and 10-1000 Hz. More bandwidths will be available in the future. Without 
customer specification, the PCH 1275/1277 will be pre-configured with a frequency 
bandwidth of 10-1000 Hz. 
 
 !  Warning: 

Any change of the frequency bandwidth in the PCH 1275 Vibration Guard can 
only be carried out using special equipment available at the manufacturer PCH 
Engineering. It is therefore necessary for the customer to return the vibration 
guard to the manufacturer PCH Engineering for a change of frequency 
bandwidth. 
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3.5 Alert Alarm Trigger Level 
 
The Alert Alarm Trigger Level is the vibration level at the analogue output that must be 
exceeded for at least the Alert Alarm Delay Time for the Alert Alarm to become activated. 
 
By default the Alert Alarm Trigger Level is set to be 50% of full scale, i.e. 12 mA at the 
analogue output. The customer can request the manufacturer PCH Engineering to deliver 
their PCH 1275/1277 Compact Vibration Guards with an Alert Alarm Trigger Level that 
differs from 50% after signing a Customer Specification Agreement. See chapter 2 for 
further information. Any value between 1% and 100% can be preset 
 
Alternatively the customer can set the Alert Alarm Trigger Level to his/her likings by 
using the following procedure: 
 Remove the lid that covers the PCH 1275/1277 Compact Vibration Guard. See chapter 

3.1. 
 Connect a digital multi meter in DC mA mode with a full-scale deflection of at least 

20 mA in series with wire no. 2 and no. 9. See chapter 6.1. 
 Set DIP-switches 3, 4 & 5 in position (On – Off – Off) 
 Under normal circumstances the multi meter will show an analogue output of 12 mA, 

which represent an Alert Alarm Trigger level of 50% 
 The analogue output can be changed to any value between 1% and 100% by pushing 

the buttons up and down at the left and right bottom of the round plate. Each pushing 
of the knob will decrease or increase the alarm trigger level by 1% of full scale. Stop 
pushing the buttons when the required Alert Alarm Trigger Level has been reached. 
When one of the buttons is hold down it will continuously change the Alert Alarm 
Trigger Level. 

 When finished put the DIP-switches 3, 4 & 5 into the position Off – Off – Off, which 
will bring the PCH 1275/1277 back into normal monitoring mode with the new 
settings in place. 
 

 !  Warning: 
Failing to put the DIP-switches 3, 4 & 5 in Off – Off – Off position after the 
setting is finished, will have the consequence that the analogue output will 
continuously be showing the Alert Alarm Trigger Level and the vibration guard 
will therefore NO LONGER react on any alarm trigger levels, i.e. neither from 
Alert nor Danger alarms. 

 
 

3.6 Alert Alarm Delay Time 
 

The Alert alarm delay time is minimal the time the vibration level must exceed the pre-set 
Alert Alarm Trigger Level before the alarm gets activated. This is to avoid false alarms in 
situations where an allowed short-lived shock (transient) is imposed on the machine. This 
could be when e.g. a new piece of raw material is placed in or taken out of the machine. 
 
Upon delivery the manufacturer will pre-set the Alert Alarm Delay Time to a commonly 
accepted value in the machine monitoring community: 10 seconds. The customer can 
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request the manufacturer to deliver their PCH 1275/1277 Compact Vibration Guards with 
an Alert Alarm Delay Time that differs from 10 seconds after signing a Customer 
Specification Agreement. See chapter 2 for further information. Any value between 0 
seconds and 100 seconds can be pre-set. 
 
Alternatively the customer can set the Alert Alarm Delay Time to his/her likings by using 
the following procedure: 
 Remove the lid that covers the PCH 1275/1277 Compact Vibration Guard. See chapter 

3.1. 
 Connect a digital multi meter in DC mA mode with a full-scale deflection of at least 

20 mA in series with wire no. 2 and no. 9. See chapter 6.1. 
 Set DIP-switches 3, 4 & 5 in position (On – On – Off). 
 Under normal circumstances the multi meter will show an analogue output of 5.6 mA, 

which represent an Alert Alarm Delay Time of 10 seconds. 
 The analogue output can be changed to any value between 0 second and 100 seconds 

by pushing the buttons up and down at the left and right bottom of the round plate. 0 
second is 4 mA and 100 seconds is 20 mA. Each pushing of the knob will decrease or 
increase the Alert Alarm Delay Time by ½ second. When one of the buttons is hold 
down it will continuously change the Alert Alarm Delay Time. Stop pushing the 
buttons when the required Alert Alarm Delay Time has been reached. 

 When finished put the DIP-switches 3, 4 & 5 into the position Off – Off – Off, which 
will bring the PCH 1275/1277 back into normal monitoring mode with the new 
settings in place. 

 
 !  Warning: 
 Failing to put the DIP-switches 3, 4 & 5 in Off – Off – Off position after the 

setting is finished, will have the consequence that the analogue output will 
continuously be showing the Alert Alarm Delay Time and the vibration guard 
will therefore NO LONGER react on any alarm trigger levels, i.e. neither 
from Alert nor Danger alarms. 

 
 
3.7 Danger Alarm Trigger Level 
 

The Danger Alarm Trigger Level is the vibration level at the analogue output that must be 
exceeded for at least the Danger alarm delay time for the Danger alarm to become 
activated. 
 
By default the Danger Alarm Trigger Level is set to be 80% of full scale, i.e. 16,8 mA at 
the analogue output. The customer can request the manufacturer to deliver their PCH 
1275/1277 Compact Vibration Guards with a Danger Alarm Trigger Level that differs 
from 80% after signing a Customer Specification Agreement. See chapter 2 for further 
information. Any value between 1% and 100% can be pre-set. 
 
Please note that the trigger level for the Danger Alarm should be chosen HIGHER than 
that of the Alert Alarm. 
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Alternatively the customer can set the Danger Alarm Trigger Level to his/her likings by 
using the following procedure: 
 Remove the lid that covers the PCH 1275/1277 Compact Vibration Guard. See chapter 

3.1. 
 Connect a digital multi meter in DC mA mode with a full-scale deflection of at least 

20 mA in series with wire no. 2 and no. 9. See chapter 6.1. 
 Set DIP-switches 3, 4 & 5 in position (Off – On – Off) 
 Under normal circumstances the multi meter will show an analogue output of 16,8 

mA, which represent a Danger Alarm Trigger Level of 80% 
 The analogue output can be changed to any value between 1% and 100% by pushing 

the buttons “On” and “Off” at the left and right bottom of the round plate. Each 
pushing of the knob will decrease or increase the limit by 1% of full scale. Stop 
pushing the buttons when the required Danger Alarm Trigger Level has been reached. 
When one of the buttons is hold down it will continuously change the Danger Alarm 
Trigger Level. 

 When finished put the DIP-switches 3, 4 & 5 into the position Off – Off – Off, which 
will bring the PCH 1275/1277 back into normal monitoring mode with the new 
settings in place. 

 
 !  Warning: 

Failing to put the DIP-switches 3, 4 & 5 in Off – Off – Off position after the 
setting is finished, will have the consequence that the analogue output will 
continuously be showing the Danger Alarm Trigger Level and the vibration 
guard will therefore NO LONGER react on any alarm trigger levels, i.e. neither 
from Alert nor Danger alarms. 

 
 
3.8 Danger Alarm Delay Time 
 

The Danger Alarm Delay Time is the minimum time the vibration level must exceed the 
pre-set Danger Alarm Trigger Level before the alarm gets activated. This is to avoid false 
alarms in situations where an allowed short-lived shock (transient) is imposed on the 
machine. This could be when e.g. a new piece of raw material is placed in or taken out of 
the machine. 
 
Upon delivery the manufacturer will pre-set the Danger Alarm Delay Time to a commonly 
accepted value in the machine monitoring community: 5 seconds. The customer can 
request the manufacturer to deliver their PCH 1275/1277 Compact Vibration Guards with 
a Danger Alarm Delay Time that differs from 5 seconds after signing a Customer 
Specification Agreement. See chapter 2 for further information. Any value between 0 
second and 100 seconds can be pre-set. 
 
Alternatively the customer can set the Danger Alarm Delay Time to his/her likings by 
using the following procedure: 
 Remove the lid that covers the PCH 1275/1277 Compact Vibration Guard. See chapter 

3.1. 
 Connect a digital multi meter in DC mA mode with a full-scale deflection of at least 

20 mA in series with wire no. 2 and no. 9. See chapter 6.1. 
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Set DIP-switches 3, 4 & 5 in position (Off – Off – On).
 Under normal circumstances the multi meter will show an analogue output of 4,8 mA, 

which represent a Danger Alarm Delay Time of 5 seconds. 
 The analogue output can be changed to any value between 0 seconds and 100 seconds 

by pushing the buttons “On” and “Off” at the left and right bottom of the round plate. 
0 seconds is 4 mA and 100 seconds is 20 mA. Each pushing of the knob will decrease 
or increase the Danger Alarm Delay Time by ½ second. When one of the buttons is 
hold down it will continuously change the Danger Alarm Delay Time. Stop pushing 
the buttons when the required Danger Alarm Delay Time has been reached. 

 When finished put the DIP-switches 3, 4 & 5 into the position Off – Off – Off, which 
will bring the PCH 1275/1277 back into normal monitoring mode with the new 
settings in place. 

 
 !  Warning: 

Failing to put the DIP-switches 3, 4 & 5 in Off – Off – Off position after the 
setting is finished, will have the consequence that the analogue output will 
continuously be showing the Danger Alarm Delay Time and the vibration guard 
will therefore NO LONGER react on any alarm trigger levels, i.e. neither from 
Alert nor Danger alarms. 

 
 
3.9 Analogue Output Level During Self-test 
 

T he DC-current on the analogue output is by default pre-set to 100 % when running self-
test, i.e. 20 mA. On customer request it is possible to get the PCH 1275/1277 Compact 
Vibration Guard delivered with a different self-test level, after signing a Customer 
Specification Agreement. See chapter 2 for further information. Possible values are any 
value between 4 and 21.6 mA, i.e. between 0 % and 110 % of full scale 
 
The analogue output level during self-test value can be set to be more than 100% (20 mA) 
to ensure that there will be a minimum of at least 20 mA at the analogue output whenever 
the self-test is activated. 
 
In order to test the integrity of the Vibration Guard, it's recommended that the self-test is 
carried out either manually or automatically (by e.g. a PLC-controller) on a regular basis. 
 
The self-test can be activated on the wire input or by DIP- switch or by the xCom program 
(only PCH 1277 can be activated by xCom). 
 
 !  Warning: 

When the pre-set analogue output level during self-test is set to a level that is 
higher than any of the Alert and/or Danger Alarm Trigger Level settings, the 
affected relay(s) will be activated during the complete duration of the self-test. 

 

ST02 Fairfield STP - Tenix - 0400 Sludge Treatment - Vendor Manuals - H to P - OM Manual

Q-Pulse Id TMS1423 Active 08/10/2015 Page 2102 of 2133



Type PCH 1275/1277 Compact Vibration Guard 
 

 Compact Vibration Guard – PCH 1275/1277 
PCH Engineering A/S 

User Manual 

Chapter 3-11 page of 33 

 
 

Alternatively the customer can set the analogue output level during self-test to his/her 
likings by using the following procedure: 
 Remove the lid that covers the PCH 1275/1277 Compact Vibration Guard. See chapter 

3.1. 
 Connect a digital multi meter in DC mA mode with a full-scale deflection of at least 

21 mA in series with wire no. 2 and no. 9. See chapter 6.1. 
 Set DIP-switches 3, 4 & 5 in position (On – Off – On). 
 Under normal circumstances the multi meter will show an analogue output level of 20 

mA, which represent an analogue output level during self-test of 100%. 
 The analogue output can be changed to any value between 0% and 110% by pushing 

the buttons “Down” and “Up” at the left and right bottom of the round plate. 0% is 4 
mA, 100% is 20 mA. The maximum is 110% or 21.6 mA. Each pushing of the knob 
will decrease or increase the analogue output level during self-test by 1%. When one 
of the buttons is hold down it will continuously change the analogue output level for 
the self-test. Stop pushing the buttons when the required output level has been reached. 

 When finished put the DIP-switches 3, 4 & 5 into the position Off – Off – Off, which 
will bring the PCH 1275/1277 back into normal monitoring mode with the new 
settings in place. 
 

 !  Warning: 
Failing to put the DIP-switches 3, 4 & 5 in Off – Off – Off position after the 
setting is finished, will have the consequence that the analogue output will 
continuously be showing the analogue output level during self-test and the 
vibration guard will therefore NO LONGER react on any alarm trigger levels, 
i.e. neither from Alert nor Danger alarms. 

 
 
3.10 System Failure 

 
The PCH 1275/1277 Compact Vibration Guard has an internal surveillance system 
including a watchdog. This surveillance system will constantly monitors the correct 
functioning of the unit. As soon as an internal fault is detected, such as a transducer bias 
error, a processor error, or a not-passed self-test, this is considered to be a very serious 
situation and as soon as the internal failure has lasted for at least the system failure delay 
time, a system failure procedure will be activated. 
 
Whenever a system failure is detected the Danger alarm relay will be activated (break). 
The yellow power LED will be blinking. The user will therefore immediately be able to 
see whether a system failure is present, since only the danger alarm will be triggered 
without first triggering the alert alarm. So only the action at wire no. 6 will be seen. 
 
The system failure activation of the Danger relay cannot be re-set the normal way, i.e. by 
applying a GND signal to wire no. 8. 
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 !  Warning: 
As soon as a system failure has been detected the DC output current at cable #9 
will drop to 0 mA 
 

 !  Warning: 
The system failure relay can only be re-set by first disconnecting from and then 
reconnect the vibration guard to the main +24 VDC power source OR by 
carrying out a complete and successful self-test. See chapter 3.18. 

 
 

3.11 System Failure Delay Time 
 

In order to avoid false system failures the system failure circuitry includes a delay time. 
The system failure detection procedure will only consider a System Failure to have 
occurred if the situation has lasted for at least the System Failure Delay Time. 
 
The system failure procedure includes two delay times: 
 
 Watchdog delay time of 1.6 seconds 
 Transducer error delay time of 0.1 seconds 

 
Upon delivery the manufacturer will pre-set the System Failure Delay Times according to 
the delay times just mentioned in this section. These delay times cannot be changed on 
customer request, but will always be fixed by the manufacturer PCH Engineering at these 
levels. 
 
 

3.12 Hang Time 
 

This is the time an Alert or Danger Alarm Relay will remain activated even though the 
vibration level has decreased to below the pre-set trigger level. The hang time for these 
relays is 1 seconds. 
 
When the Danger Relay act as a system failure output it has no hang time, but it will 
remain activated until the system failure condition has ended, i.e. after a complete 
successful self-test or by removing the main power from the unit for a few seconds. 
 
 

3.13 Latch Function 
 

The latch feature of the PCH 1275/1277 Compact Vibration Guard, ensures that the alarm 
relays stay triggered, even though the vibration level is reduced to below the alarm trigger 
level for longer than the hang time. Applying a GND signal to wire #8 can latch the relays. 
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3.14 Overload 
 
The PCH 1275/1277 Compact Vibration Guard is provided with an overload detection 
system that detects the occurrence of an overload situation, i.e., when the vibration level 
exceeds the maximum vibration level of the built-in accelerometers 
 
Each time an overload condition has been detected an overload counter is incremented by 
one. This information can be used for trouble shooting purposes. The overload counter can 
only be readout using the RS485 interface in the monitor. 
 
The overload detection system has a hang time of approximately 1 second. 
 
The detection of an overload condition does NOT generate a system failure. 
 
 !  Warning: 

The DC output current (see section 3.15 below) is frozen as long as the overload 
condition prevails. 

 
 

3.15 DC Output Current in mA 
 
At wire #9 a DC output current will be available, which is direct proportional to the 
vibration level. An output current of 4 mA at the DC output represents a velocity of 0 
mm/s., while 20 mA at the output represents full scale, i.e. 100 mm/s. Any value between 
0 mm/s and 100 mm/s will then be positioned directly linear between 4 mA and 20 mA at 
the analogue output. For more information about selection of the measuring range see 
chapter Fejl! Henvisningskilde ikke fundet.. 
 
 
 
Example 1: the vibration level is a known 60 mm/s. The analogue output should show:  
 

 
 
 
 
Example 2: the analogue output shows 15 mA. The velocity is: 
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 !  Warning: 
Please note that in order for the DC current output to function correctly it is 
necessary that the DIP switches 3, 4 & 5 are in the “Off – Off – Off” position. 
 

 !  Warning: 
There must be an impedance load of max 400 Ω on the DC output. 

 
 

3.16 Alarm Output (relays) 
 

The PCH 1275/1277 Compact Vibration Guard is equipped with an Alert Alarm and a 
Danger Alarm Relay, each having a break mode function upon activation (= FAIL SAFE). 
This means that these relays always are in make mode, i.e. energized, while being in 
standby. 
 
The relays will be activated as soon as an Alert Alarm or a Danger Alarm has been 
detected, i.e. whenever the vibration level has surpassed the respective Alert or Danger 
Alarm Trigger Level. 
 
In the PCH 1275/1277 Compact Vibration Guard both the Alert and Danger alarms are 
non-latched, which means that the alarms will remain activated until the vibration level 
has returned to a level below the respective alarm trigger level(s) for at least the hang time. 
See chapter 3.12. 
 
It is possible to latch the relays, i.e. let the activation of the relay continue beyond the hang 
time by applying a GND signal to wire #8. See section 6.13. 

 
!  Warning: 

The relays are PhotoMOS Solid State relays. Excessive current and/or voltage 
will destroy the relays. For this reason please do not apply any power source 
directly to the relay. Protect the relay with a resistor in series that will limit the 
current. 
The following conditions for the relays should not be exceeded in your 
application:  
-Insulation   30 V 
-Maximum current load 100 mA 
-Max load voltage   30 V 
-ON resistance alert relay < 4 Ω 
-ON resistance danger relay < 8 Ω  
-Off state Leakage current Max  1 μA 
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3.17 Light Emitting Diodes (LEDs) 
 
Power  T he yellow “Power” LED will light up whenever main power is applied 

between wire #1 (+24 V) and wire #2 (GND). This LED also acts as a 
System Failure indicator which will begin to blink if a system failure 
takes place. 

 
Danger The red “Danger” LED will light up as soon as the Danger alarm is 

activated 
 
Test  The yellow “Test” LED will light up for as long as the self-test function 

is activated. 
 
 

3.18 Self-test Function 
 
The PCH 1275/1277 Compact Vibration Guard is provided with a self-test function that 
will remain activated for as long as wire #7 (/ Self-test) is connected to GND (wire #2). 
See chapter 6.1. 
 
The self-test can also be initiated by toggling DIP-switch #7 from “Off” to “On”. 
The self-test will last for as long DIP-switch #7 remains in the “On” position.  
 
The self-test checks a large number of the functions inside the PCH 1275/1277 Compact 
Vibration Guard. If the self-test is not passed without flaw, the system failure function will 
be activated. See chapter 3.10. 
 
During the self-test the analogue output can be set to have a certain value. If this value 
exceeds any of the alarm trigger levels for at least the delay time, that particular alarm will 
be activated and any relay that is dedicated to that alarm with it. See chapter 3.9. 
 
Self-test is an often-used method to remotely reset an activated system failure. 
 
 

3.19 Sensor Test 
 
The PCH 1275/1277 Compact Vibration Guard has a built in surveillance system, which 
continuously monitors the bias of the internal accelerometer. The bias of the accelerometer 
is a measure for the health of the vibration transducer itself. If an error in the bias of the 
accelerometer has been detected the system failure feature will be activated, See chapter 
3.10. 
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3.20 Measuring Direction 
 
The measuring direction of the PCH 1275/1277 Compact Vibration Guard is in the 
direction of the length axis of the cylindrical enclosure. 
 

CHO 1100 rev. 02

M12 x 25

 
 

3.21 Reset of Alarms 
 
Alarms can be reset at any time by disconnecting wire #8 “/ Latch alarms” from “GND” 
(e.g. wire #2) for a short time. See chapter 6.1. 
 
 !  Warning: 

Please note that the activation of the Danger Relay as the result of a system 
failure can NOT be reset using the procedure described in this section. Reset 
after a system failure is generally possible by performing a complete successful 
self-test. If this does not end the system failure alarm, disconnecting the unit 
from the main power for at least 1 second, should do the task. 
 

 
3.22 Inhibit Alarms 

 
The Alert Alarm, Danger Alarm and activation of a System failure cannot be inhibited, i.e. 
can’t be de-activated for some time. This feature is not available in the PCH 1275/1277 
Compact Vibration Guard. 
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4 Programming the PCH 1277 
 
4.1 The RS485 Interface 
 

The PCH 1277 Compact Vibration Guard is provided with a RS485 interface, which 
allows a user to change certain setup parameters. The RS485 interface can also be used to 
read out a number of registers inside the vibration monitor with status information or the 
actual vibration level. The pc-program used for this is called xCom. See the xCom 
application note for further information. 
 
The PCH 1277 Compact Vibration Guard is delivered with a pre-configured pc-setup. The 
xCom program will overwrite this setup when it’s used to change the changeable 
parameter in the Vibration Monitor. 
 
The last item in a chain of devices belonging to a RS485 communication system must be 
terminated with a 120  resistor. This resistor is NOT included in the vibration guard and 
should be fixed externally by the user in the cable connector or junction box to which the 
vibration guard is attached. 
 
The connection of the PCH 1277 Compact Vibration Guard to the RS485 chain is done 
with cables #10 (RS485 A TX) and #12 (RS485 B RX). See chapter 6.1. The other end of 
the cable must be connected to the RS485 port on the computer where the xCom program 
is installed. If the computer doesn't have a RS485-port, then make connection with the 
com port through a RS2323-to-RS485 converter. 
 
 

4.2 Programming the PCH 1277 Compact Vibration Guard 
 
The RS485 interface described in chapter 4.1 above can be used by the manufacturer 
PCH-Engineering to setup and modify the specifications of the PCH 1277 Compact 
Vibration Guard by flash-loading data. This type of programming can only be carried out 
by PCH employees or selected users that have been certified by the manufacturer. 
 
The RS485 interface allows the user to read-out instantaneously some measurement data 
and status OR remotely setup certain parameters. 
 
The PCH 1277 is provided with a DIP-switch #6, which can be set to ON, i.e. the 
Compact Vibration Guard is under remote PC control or set to OFF, i.e. the Compact 
Vibration Guard is under local manual control by the DIP-switches. 
 

!  Warning: 
As long as DIP-switch #6 is in the OFF position the Compact Vibration Guard is 
in manual mode setup 1-4, meaning that the xCom program isn’t able to change 
any parameters. 
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4.3 The CHT1037 xCom program 
 
For further information about setting up the PCH 1277 and reading measurement with PC 
program, refer to the following application note to be supplied by PCH engineering A/S.: 
 
Application note for xCom, document number CHF 4026 (newest version)  
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5 Mounting of the PCH 1275/77 
 

The PCH 1275/1277 Compact Vibration Guard is only sensitive to vibration in the 
direction parallel to the length axis of the enclosure. 
 
For proper mounting of the Vibration Guard, a smooth surface, free of dirt and paint of 
min. Ø28 with a M12x1.75 thread in the middle, should be prepared. The M12 thread 
must have a depth of at least 17 mm. 
 
To prevent unintended loosening of the stud while mounted on vibrating parts such as 
pumps, motor mounting bolts, gear boxes, etc., it should be secured with liquid thread lock 
e.g.  
1) LOCTITE 243: 

Recommended for use where disassembly with hand tools is required for servicing. 
Prevents loosening on vibrating parts such as pumps, motor mounting bolts, gear 
boxes 

2) LOCTITE 270: 
Recommended for permanently locking studs, where regular removal for maintenance 
is not required.  

 
For use of above-mentioned products refer to their respective datasheets.  

 

 

 
 
 

CHO 1099 rev. 02

>Ø28
M12x1,75

_

17 20

 
 
 
 
 
 
 
 
 
 
 
  
 

CHO 1098 rev. 01 

M12x1,75 
Ø 28 

Vibration Guard

90
°

Max. reach of
screw = 10mm.

1720

M12

Threaded stud M12x25
secured with LOCTITE
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 !  Warning: 
The PCH 1275/1277 Compact Vibration Guard is NOT allowed for use in 
outdoors installation 

 
 
 !  Warning: 

It is only allowed to engage 10 mm of the stud into the PCH 1275/1277. See the 
drawing above. 
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6 Cable and Cable Connections 
 

The cable that is attached to the PCH 1275/1277 Compact Vibration Guard is of a PUR oil 
resistant type. It is single-shielded; it has a length of 2 meters and has at the other end 12 
open-ended cables. The meaning of each cable and their colours in the standard 
configuration are specified in chapter 6.1. 
 
The customer can request the manufacturer to deliver their PCH 1275/1277 Compact 
Vibration Guards with a cable configuration that differs from the default one after signing 
a Customer Specification Agreement. See chapter 2 for further information. 
 

 
 
6.1 Cable Configuration (standard/default) 
 
Standard cable configuration for any PCH 1275 with the following CHFxxxx. 
 

CHF8002  CHF8005  CHF8008  CHF8009  CHF8015  CHF8017  
CHF8023  CHF8026  CHF8037  CHF8047  CHF8048  CHF8053  
CHF8054       

 
Standard cable configuration: 

 
Cable # Function Colour 
1 +24 V Red 
2 GND Black 
3 Danger, relay 1 Red / Blue 
4 Danger, relay 1 White 
5 Alert, relay 2 Purple 
6 Alert, relay 2 Blue 
7 / Self-test Green 
8 / Latch alarms Yellow 
9 4-20 mA output Pink 
10 No Connection Grey 
11 No Connection Brown 
12 No Connection Grey / Pink 
 House Screen 
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Valid for the following PCH1275 specification(s) - refer to PCH 1275 label 
 
CHF5209  CHF8052      

      
      

 
 
 
 

Cable # Function Colour 
1 +24 V Pink 
2 GND Blue 
3 Danger, relay 1 Brown 
4 Danger, relay 1 White 
5 Alert, relay 2 Green 
6 Alert, relay 2 Yellow 
7 / Self-test Red 
8 / Latch alarms Purple 
9 4-20 mA output Gray 
10 No Connection Red/Blue 
11 No Connection Black 
12 No Connection Grey / Pink 
 House Screen 
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Valid for the following PCH1275 specification(s) - refer to PCH 1275 label 
 
CHF8007       

      
      

 
 
 

Cable # Function Colour 
1 +24 V Pink 
2 GND Blue 
3 Danger, relay 1 Brown 
4 Danger, relay 1 White 
5 Alert, relay 2 Green 
6 Alert, relay 2 Yellow 
7 / Self-test Purple 
8 / Latch alarms Red 
9 4-20 mA output Gray 
10 No Connection Red/Blue 
11 No Connection Black 
12 No Connection Grey / Pink 
 House Screen 
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Valid for the following PCH1275 specification(s) - refer to PCH 1275 label 
 
CHF8006       

      
      

 
 
 
 

Cable # Function Colour 
1 +24 V Red 
2 GND Black 
3 Danger, relay 1 Purple 
4 Danger, relay 1 Blue 
5 Alert, relay 2 Red / Blue 
6 Alert, relay 2 White 
7 / Self-test Green 
8 / Latch alarms Yellow 
9 4-20 mA output Pink 
10 No Connection Grey 
11 No Connection Brown 
12 No Connection Grey / Pink 
 House Screen 
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Valid for the following PCH1275 specification(s) - refer to PCH 1275 label 
 
CHF8012       

      
      

 
 

Cable # Function Colour 
1 +24 V Pink 
2 GND Blue 
3 Danger, relay 1 Brown 
4 Danger, relay 1 White 
5 Alert, relay 2 Green 
6 Alert, relay 2 Yellow 
7 / Self-test Red 
8 4-20 mA output Gray 
 House Screen 
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Valid for the following PCH1277 specification(s) - refer to PCH 1277 label 
 
 
CHF8038  CHF8039   CHF8040  

 
CHF8044  

 
  

Standard cable configuration: 
 

Cable # Function Colour 
1 +24 V Red 
2 GND Black 
3 Danger, relay 1 Red / Blue 
4 Danger, relay 1 White 
5 Alert, relay 2 Purple 
6 Alert, relay 2 Blue 
7 / Self-test Green 
8 / Latch alarms Yellow 
9 4-20 mA output Pink 
10 RS485 A TX  Grey 
11 No Connection Brown 
12 RS485 B RX  Grey / Pink 
 House Screen 
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Technical data 
 

Vibration measuring parameter 
 
 
Refer to label 

Velocity in mm/s 
Option: 
Acceleration in m/s2 
(This must be stated when ordering) 

Measuring range in mm/s 
 
 
Measuring range in m/s2 

Velocity:  10 mm/s, 20 mm/s, 50 mm/s, or 100 mm/s 
(Selectable by DIP Switch) 
Option: 
Acceleration:  2.5 m/s2, 6 m/s2, 12 m/s2  or 24 m/s2 
(Selectable by DIP Switch) 

Frequency range 
 
Filters comply with ISO 2954-1975(E) 
Refer to Label 

10 Hz – 1000 Hz @ -1dB, >-18 dB/octave 
Options: 
1Hz – 1000 Hz @ -1dB, >-18 dB/octave 
(This must be stated when ordering) 

Alert & Danger alarm trigger levels Default: 
Alert: 50% of maximum measuring range 
Danger: 80% of maximum measuring range 
 
Selectable by DIP-switch: 1-100% of the maximum 
measuring range 

Alarm Delay Default: Alert = 10 sec. & Danger = 5 sec. 
 
Selectable by DIP-switch: 0 – 100 sec. 

Alarm Hang Time 1 sec. 

Overall accuracy 
 
Accelerometer: 
Non-linearity 
Temperature sensitivity 
Cross-axis sensitivity 
 
Filters: 
Non-linearity 
 
4-20mA analogue output: 
Sensitivity 

 1.5% for frequency range 10–1000 Hz 
 
 

 0.2% of full scale (typical) 
 0.45% (within temperature range -20 – 65 C) 
 2% (max) 

 
 

 2.3% = 0.2 dB (typical and depending on filter type) 
 
 

 0.3% (typical) 

DC Output Current 4-20 mA, max load resistance 400  
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Alarm output The monitor is equipped with two relays with break 
function: Alert and Danger. Both relays are latched. (Max 
30 V, 100 mA) 

Self-test A self-test can be activated by dip switch and remotely. 
The Alert and Danger relays are only activated after the 
duration of their respective delay times if the analogue 
output during self-test is higher than the alarm trigger 
level 

Sensor watchdog The accelerometer sensor is equipped with an internal 
watchdog that continuously checks the functioning of the 
sensor 
At a sensor failure the system failure relay is activated 

Power Failure If the power is cut, all relays will become activated, i.e. 
break, thus FAIL SAFE 

  

Measuring direction Measuring direction axis is parallel to the length axis of 
the cylindrical enclosure. 
See drawing in chapter 3.20. 

 

Power supply +24 V DC ± 10 % typical 1.0 W 
Power Consumption max. 1.3 W 
49 mA @ 26,4 V 
60 mA @ 21,6 V 

Cable Oil resistant, PUR, screened. 12 x 0,25 mm2 open end 
Standard cable length: 2 meters. 

Enclosure material and dimensions Material: 
Stainless Steel Type 1.4305 
Option: 
Stainless Steel Type 1.4404 
 
Dimensions: 
Height 117 mm, incl. mounting stud 
Diameter 63,5 mm without cable gland 
Width across hexagon 55 mm 

Mounting Internal thread M12; depth of thread max. 10 mm  
Mounting torque approx. 6.8 Nm 
See mounting instructions in chapter 5. 
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Ingress Protection  IP68 

Operational Temperature range Tamb = – 20° C  Ta  + 65° C 

Installation locations NO outdoor installation is allowed 

 

 compliance EMC Directive & Low Voltage Directive 

Security EN61010-1 and IEC 101-1 

EMC Emission EN50081-1 and CISPR22 

EMC Immunity EN50082-2 

Maximum Humidity IEC68: 95% RH 
Mechanical Vibration 

(non-operating) 
IEC68-2-6: 0.3 mm, 20 m/s2, 10-500 Hz 

Mechanical Shock 
(non-operating) 

IEC68-2-27: 750 m/s2 
Mechanical Bump 

(non-operating) 
IEC68-2-29: 1000 bumps at 250 m/s2 

 
PCH 1275/1277 Compact Vibration Guard - standard 
ATEX certified 
According to ATEX directive 94/9/EC 
 
EN60079 and EN60079-1 

Ex d IIC T6 
 0539  II 2 GD T75°C 

Tamb: - 20° C ≤ Ta ≤ + 65° C 
NEMKO 07ATEX1261 

 
PCH 1275/1277 Compact Vibration Guard – for use in mines 
ATEX certified 
According to ATEX directive 94/9/EC 
 
EN60079 and EN60079-1 

Ex d I T6 
 0539  I M2  

Tamb: - 20° C ≤ Ta ≤ + 65° C 
NEMKO 07ATEX1261 

 
Production Quality Assurance Notification by UL Demko 0539. 
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PROD 004
Page 1 of 2

This certificate may only be reproduced in its entirety and without any change, schedule included.

Postal address: Office address: Telephone: Enterprise number:
P.O.Box 73 Blindern Gaustadalléen 30 +47 22 96 03 30 NO 974404532
N-0314  OSLO, NORWAY 0373  OSLO Fax:

+47 22 96 05 50

[1] EC-TYPE EXAMINATION CERTIFICATE
[2] Equipment or Protected System Intended for use

in Potentially explosive atmospheres
Directive 94/9/EC

[3] EC-Type Examination Certificate Number: Nemko 07ATEX1261

[4] Equipment or Protective System: Vibration Guard

[5] Applicant/ Manufacturer: PCH Engineering
[6] Address: Ved Klædebo 9

2970 Hørsholm
Denmark

[7] This equipment or protective system and any acceptable variation thereto is specified in the schedule to this 
certificate and the documents therein referred to.

[8] Nemko AS, notified body number 0470 in accordance with Article 9 of Council Directive 94/9/EC of 23 March 
1994, certifies that this equipment or protective system has been found to comply with the Essential Health and 
Safety requirements relating to the design and construction of equipment and protective systems intended for 
use in potentially explosive atmospheres given in Annex II to the Directive.

The examination and test results are recorded in confidential report no. 94149

[9] Compliance with the Essential Health and Safety Requirements has been assured by compliance with:
EN 60079-0: 2004
EN 60079-1: 2004
EN 50281-1-1: 1998

[10] If the sign X is placed after the certificate number, it indicates that the equipment or protective system is 
subject to special conditions for safe use specified in the schedule to this certificate.

[11] This EC-TYPE EXAMINATION CERTIFICATE relates only to the design, examination and tests of the 
specified equipment or protective system in accordance to the directive 94/9/EC.
Further requirements of the Directive apply to the manufacturing process and supply of this equipment or 
protective system. These are not covered by this certificate.

[12] The marking of the equipment or protective system shall include the following:

II 2 GD T75°C
I M2

Ex d IIC T6  Ta: 65 C
Ex d I T6 Ta: 65 C

Oslo, 2007-10-30

p.p. Rolf Hoel 
Certification Manager
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Nemko 07ATEX1261 Date: 2007-11-06 Page 2 of 2

This certificate may only be reproduced in its entirety and without any change, schedule included.

Postal address: Office address: Telephone: Enterprise number:
P.O.Box 73 Blindern Gaustadalléen 30 +47 22 96 03 30 NO 974404532
N-0314  OSLO, NORWAY 0373  OSLO Fax:

+47 22 96 05 50

[13] Schedule

[14] EC-TYPE EXAMINATION CERTIFICATE No Nemko 07ATEX1261

[15] Description of Equipment or Protective System
The PCH1270 and 1275 Vibration Guard comprises a stainless steel enclosure containing an electronic unit for 
measuring vibrations. The unit is delivered with a permanently connected cable attached to it and a certified cable 
gland is used for the entry.

Type
PCH 1270 and PCH 1275

Technical Data
24VDC Max 1,3W 

[16] Report No.  94149
Descriptive Documents

Name/Number Rev. Date Title/Description Sheets
CHI 1126-3 1 2007-09-19 PCB schematic, grund modul,  PCH 1072, 1270, 1275 og 1277 1
CHI 1126-7 - 2007-10-25 Part list 14
CHF5302 01 2007-08-30 Gevindinspektion af Acc_hus PCH 1275 / 1277 1
CHF5303 01 2007-08-30 Gevindinspektion rapport  PCH 1275 / 1277 1
CHF5307 01 2007-04-17 Energi beregning PCH 1275 / 1277 ATEX 1
CHP1232 01 2007-08-30 EarthTag for PCH 1275 / 1277 i stål 1.4404 1
CHS 1100 01 2007-08-30 Låg PCH 1275 / 1277 stål 1.4404 1
CHS 1101 01 2007-08-30 Låg PCH 1275 / 1277 stål 1.4305 1
CHF 5295 02 Hovedstykliste til PCH 1275 / 1277  Vibration Guard 3
CHW 1367 01 2007-08-16 Samlingstegning PCH 1275 /  1277 1
CHL 1100 01 2006-11-21 Kabelbearbejdning PCH 1275 / 1277 12 leder 1
CHL 1103 01 2007-06-27 Kabelbearbejdning PCH 1275 / 1277 8 leder 1
CHW 1364 02 2007-05-13 ATEX del af HUS for PCH 1275 / 1277 1
CHR 3342 01 2007-04-03 typenummer label for PCH 1275 (ATEX) 1
CHR 3344 01 2007-04-03 Generel Serienummer label for PCH 1275 1
CHR 3343 01 2007-04-03 Typenummer Label 1277 (Standard) 1
CHR 3345 01 2007-04-03 Serienummer label (1277 Standard) 1
CHP 1128 02 2007-03-29 Plastforplade for PCH 1270 / 1275 (uden kommunikation) 1
CHP 1207 04 2006-04-26 Plastforplade for PCH 1272 / 1277 (med kommunikation) 1
CHS 1095 01 2007-05-14 Hus PCH 1275/1277 ATEX stål 1.4305  (afløser CHS 1068 1255) 1
CHS 1092 01 2007-04-17 Hus PCH 1275/1277 ATEX stål 1.4404 (afløser CHS 10xx  1255) 1
CHS 1098 01 2007-08-21 Hus PCH 1275 / 1277 ATEX Stål 1.4404 (afløser CHS1062 1255) 1
CHS 1097 01 2007-08-21 Hus PCH 1275 / 1277 ATEX  Stål 1.4305 (afløser CHS1057 1255) 1
CHS 1096 01 2007-08-21 Hus PCH 1275 / 1277 ATEX Stål 1.4305 1
CHR 3361 01 2007-08-26 Typenummer Label for PCH 1275 / CHH 1158 1
CHR 3363 01 2007-08-26 Typenummer Label for PCH 1277 / CHH 1158 1
CHR 3362 01 2007-08-26 Label for Låg på PCH 1275 / 1277 / CHH 1158 1
CHW 1370 01 2007-08-27 Samlingstegning af PCH 1275 / 1277 / CHH 1158 1
CHL1104 01 2007-08-28 Bearbejdet kabel til PCH 1257 / 1277 / CHH 1158 1
CHR3379 01 Label for låg på PCH 1275 / 1277

[17] Special Conditions for Safe Use
None

[18] Essential Health and Safety Requirements
See item 9
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                                                                                                         Report no.: RP 0409 
                                                                                                         Page 1 of 7 
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EAQUAL
Quality and Reliability                                             

REPORT

                   

Reliability Prediction for CHI1086-2 assembled circuit board within 
Vibration Guard type: PCH 1240, 1250, and 1255. 

Performed for PCH Engineering A/S 

Project no.: 0409 

Date: 29- 11- 2004 
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Title :   Reliability Prediction of  CHI1086-2 assembled circuit board within 
             Vibrations Guard type: PCH1240, 1250, and 1255.

EA Project no : 0409

PCHref:  14-131-SafetyFor12xx 

Client:   PCH Engineering A/S 
              Ved Klædebo 9 
                         DK- 2970 Hørsholm 

Contact person: Kim Knudsen/ Arne Larsen
   Tel.:  45 76 87 76 

Analyses by:  Erling Andersen

Date:   29-11-2004

Authorized by:________________________________________ Sign./Date

   Erling Andersen, M.Sc.E.E 
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2. Revision history 

Rev. 2  EA  041129 

3. Introduction 

This report states the results of the reliability predictions performed on  CHI1086-2 
assembled circuit board within Vibrations Guard type PCH1240, 1250, and 1255 , which 
are not being tested in the diagnostic test. 

The purpose of these calculations is to determine whether the number of failures per hour 
satisfies a requirement of a Safety Integrity Level of SIL 2. 

The predictions are based on the methods and failure rates given in MIL-HDBK-217F, and 
on parts lists supplied by PCH Engineering A/S. 

The detailed calculations  are found in annex 1. A summary and discussion of the results 
are given in section 6. 

4.       Basis for the reliability prediction 

The following  documents have been used as the basis for the calculations: 

PCH Eng. Parts List for CHI1086-2 
MIL-HDBK-217F, incl. Notice 1 and Notice 2 
Component Data Sheets 
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5. Prediction methods 

The method used for the calculations of the failure rate is the Parts Stress Analysis Method 
as given in MIL–HDBK- 217 with default values for stress factors as for Parts Count 
Prediction.

Actual values have been used for capacitances, and for power rating of resistors. 

Environments

A use environment of GF (Ground fixed ,uncontrolled), and an average temperature of 30 
deg C  have been chosen for the calculations

Quality Factor piQ 

The Failure Rates of the components are directly proportional to the Quality Factor piQ, 
and it is therefore important to use realistic values for these factors. 

MIL-HDBK-217 is known to be very pessimistic with regards to the quality level of 
“commercial” components. 

The following Quality factors have been used for the calculations: 

 Capacitors –     piQ = 1,0 
 Resistors   -     piQ =  1,0 
 IC´s           -     piQ =  3,0 
 Switches     -   piQ =  2,0 

The assumption for using these factors is the use of components from known good 
manufacturers with quality systems in compliance with ISO 9001, and with Statistic 
Process Control being used in the manufacturing process. 

Also, it brings the failure rate estimates in line with the results using Telecommunication 
Reliability Prediction Handbooks like RDF-2000, IHRD 93, HRD-5, 

6. Failure Rate calculations 

The detailed results of the failure rate calculations for each of the components are shown in 
annex 1. 
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The results include calculations of the percentage contribution to the failure rate from each 
type of component. 

As seen from annex 1, the total Failure Rate for the untested part is calculated to: 

                                    FR(calc) = 412 FITS

However, as only two of the opamps in the quadruple opamp TLC2274 are untested, the 
actual failure rate of this component is only half of the stated value, reducing the failure 
rate to:

   FR =  383 FITS ,or 

0,38 faillures per million hours. 

7. Temperature dependence of Failure Rate 

The failure rate as stated above has been calculated at an average ambient temperature of 
30 degrees C. 

In fig 1 below is shown the temperature dependence of the failure rate from 20 to 70 
degrees average ambient temperature. 

Note The failure rate shown in the figure includes the total failure rate for the Quad Opamp 
TLC2274.

The failure rates using half of the stated value of this component have been calculated to: 

 FR   30deg  =  383 FITS 

 FR   60deg  =  856 FITS 
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Fig 1 Failure Rate versus temperature for assembly

Fig 1 shows the failure rate for the assembly. In order to see the influence of the individual 
types of components, the failure rates versus temperature have been calculated as shown in 
fig 2. 

Fig 2 Failure rate versus temperature for component types
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8.  Summary and discussion of the results 

The failure rate for the part of the product, which is not being tested in the diagnostic tests 
has been calculated with the results as shown in the previous sections. 

The requirement for the functional safety of the untested part of the Vibration Guard has 
been stated to be a Safety Integrity Level of: 

 SIL 2, i.e. the number of failures per hour shall be less than 10^-6. 

The number of failures per hour as shown in section 5 is calculated to be 0,856  x 10^-6 at 
an average ambient temperature of 60 deg C. 
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