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SLB Standard load-break switches
SIRCO 125 to 4000 A
The SIRCO range of load-break switches offer compact solutions for switching from 125 A to 4000 A.
Base mounting is standard.

The SIRCO range are a proven, reliable design that more than suit harsh Australian conditions.

The switches come complete with extended shaft and door mountable pistol grip handle.
Available in three and four pole versions with a large range of accessories to choose from.

SLB 125 3P

SLB 125 4P

SLB 160 3P

SLB 160 4P

SLB 200 3P

SLB 200 4P

SLB 250 3P

SLB 250 4P

SLB 315 3P

SLB 315 4P

SLB 400 3P

SLB 400 4P

SLB 500 3P

SLB 500 4P

SLB 630 3P

SLB 630 4P

SLB 800 3P

SLB 800 4P

Front operated surface mount 
(Supplied with external handle and shaft)

AC 21 400 V
(A) No. of poles 1) Cat. No.

125

160

200

250

315

400

500

630

800

125 A

160 A

200 A

250 A

315 A

400 A

500 A

630 A

800 A

AC 23 400 V
(A)

125

160

200

250

315

400

400

500

800

63

80

100

132

160

220

280

280

450

AC 23 400 V
(kW)

3

4

3

4

3

4

3

4

3

4

3

4

3

4

3

4

3

4 i

i

Notes: 1)   6 and 8 pole switches available on indent.  Refer NHP.
Available on indent only.

New Range

i

SLB 125...630

SLB 800...3150
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Technical data and dimensions (mm)
SIRCO SLB 125 to 2500 A

SIRCO 125 to 2500 A

90
°

125

160

200

250

315

400

500

630

Rating
A

Overall
dimensions
C

120

120

130

130

165

165

165

165

D

124…354

124…354

135…365

135…365

167…397

167…397

167…397

167…397

Terminal
shrouds
AC

235

235

290

290

401

401

401

400

F
3p

140

140

180

180

230

230

230

230

F
4p

170

170

230

230

290

290

290

290

J2

75

75

105

105

135

135

135

135

K

31.5

31.5

34

34

55

55

55

55

BC

80

80

115

115

115

115

115

115

M
3p

120

120

160

160

210

210

210

210

M
4p

150

150

210

210

270

270

270

270

N

65

65

80

80

140

140

140

140

R

5.5

5.5

5.5

5.5

7

7

7

7

T

36

36

50

50

65

65

65

65

U

20

20

25

25

32

32

32

45

U1

20.5

20.5

25.5

25.5

45.5

45.5

45.5

45.5

V

25

25

30

30

37.5

37.5

37.5

50

W

9

9

11

11

11

11

13

13

X1
3p

28

28

33

33

42.5

42.5

42.5

42.5

X1
4p

22

22

33

33

37.5

37.5

37.5

37.5

X2

20

20

27

27

37.5

37.5

37.5

37.5

Y

3.5

3.5

3.5

3.5

5

5

5

5

Z

20.5

20.5

22.5

22.5

36

36

36

36

AA

135

135

160

160

235

235

235

260

BA

115

115

130

130

205

205

205

220

CA

10

10

15

15

15

15

15

20

G

93

93

108

108

170

170

170

170

H

65

65

75

75

110

110

110

110

J1
3p

Switch body Switch mounting Connection terminals

45

45

55

55

75

75

75

75

J1
4p

75

75

105

105

135

135

135

135

AD

50

50

60

60

89

89

89

89

Rating
A

Switch body Switch mounting Connection terminals

800

1000

1250

1600

1800

F 3p

280

280

372

372

372

F 4p

360

360

492

492

492

M 3p

255

255

347

347

347

M 4p

335

335

467

467

467

T

80

80

120

120

120

U

50

50

90

90

90

V

60.5

60.5

44

44

44

Y

7

7

8

8

8

X1

47.5

47.5

53.5

53.5

53.5

X2

47.5

47.5

53.5

53.5

53.5

Z
46.5

46.5

47.5

47.5

47.5

AA
321

321

288

288

288

Rating
A

Overall dimensions Switch mounting

2000

2500

A 3p

372

372

A 4p

492

492

M 3p

347

347

M 4p

467

467

Door Drilling

Castell drilling

Castell Drilling

Castell Drilling
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Technical data and ratings chart
SIRCO SLB 125 to 630 A

Ratings to AS 3947-3 and IEC 60947-3

125 A
Rated insulation voltage and rated

operation voltage AC 20/DC 20

Rated impulse withstand voltage

Rated operational current

AC 21A

AC 22A

AC23A

Rated operational current

DC 21A

DC 22A

DC 23A

Operational power

AC 23A

Overload capacity

Short time withstand current Icw

(RMS 1s) 690 V

Breaking capacity

AC 23A

Fuse protected short circuit

withstand. (kA RMS prospective)

Rated capacitor power

Mechanical endurance

Weight (3 pole)

Min. tightening torque

Connection cable size

V

kV

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

kW

kW

kW

kA

A

kA

A

kVAr

Ops

Kg

Nm

mm2

160 A 200 A 250 A 315 A 400 A 500 A

400 V

500 V

690 V

400 V

500 V

690 V

400 V

500 V

690 V

400 V

500 V

400 V

500 V

400 V

500 V

400 V

500 V

690 V

400 V

400 V AC

Fuse

800

8

125

125

125

125

125

-

125

100

-

125

125

125

125

125

125

63

63

55

7

1000

100

125

55

10000

1

6.5

35/50

800

8

160

160

160

160

125

-

160

100

-

160

125

160

125

125

125

80

63

55

7

1280

100

160

75

10000

1.5

6.5

50/95

800

8

200

200

200

200

200

-

200

160

-

160

160

160

160

160

160

100

110

75

9

1600

80

200

90

10000

2

10

70/95

800

8

250

250

250

250

250

125

250

200

100

250

200

200

200

200

200

132

140

90

9

2000

50

250

115

10000

2

10

95/150

1000

12

315

315

315

315

315

250

315

315

160

315

315

315

315

315

315

160

220

150

13

2520

100

315

145

5000

3.5

15.4

150/240

1000

12

400

400

400

400

400

250

400

315

160

400

400

400

315

400

400

220

220

150

13

3200

100

400

185

5000

3.5

14.5

185/240

1000

12

500

500

500

500

500

250

500

315

160

400

400

400

315

400

400

280

220

150

13

4000

100

500

230

5000

3.5

14.5

240/240

630 A
1000

12

630

630

500

630

500

315

500

315

160

630

500

500

500

500

500

280

220

150

13

4000

70

630

290

5000

3.5

14.5

2 (150/300)

Note:   240/415 V ratings suitable for use on 230/400 V in accordance with AS 60038 : 2000.
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4 - 2

4

Rated current (In) from 12 A to 630 A
Breaking capacity (Icu) from 25 kA to 200 kA at 415 V AC
Features include an innovative approach to internal accessory installation, reducing the need for tools,
higher kA ratings in smaller size MCCBs, increased OCR functionality, through to a wide range of superior
external accessories.
During development, particular emphasis was placed on safety. A double insulated design for safe internal
accessory access, and the toggle is fully insulated. The main contact mechanism is a direct driven design
which means that actual main contact status can be instantly recognised by viewing the toggle position.

TemBreak 1 - Moulded Case Circuit Breakers
Rated current (In) from 630 A to 3200 A. Breaking capacity (Icu) from 50 kA to 125 kA at 400/415 V AC.

TemBreak 2 
Moulded Case Circuit Breakers

Earth Leakage MCCB 160 A / 250 A 400 A / 630 A

630 A / 800 A 1250 A / 1600 A
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4

2. Modular and Common Sizes
Current ratings up to 630 A can be supplied in 2 sizes: the 250 A and 630 A sizes. 400 A and 630 A MCCB
are now a common size. (400 AF) The compact 125 A size offers the same features and performance but
with reduced dimensions.

1. Higher kA Ratings in Small Frame Sizes
125 A Frame models to 65 kA, 250 A Frame models to 200 kA.

125 A

250 A

400/630 A 125 A

250 A

Moulded Case Circuit Breakers
About TemBreak 2

3. Metering: T2SW CT/V block
The T2SW metering block from NHP attaches to TemBreak 2 MCCBs. TheT2SW block features a compact
design which is the same height and width as the MCCB it fits to. The current transformers used in T2SW
blocks have a class 0.5S rating providing a very high degree of measurement accuracy. T2SW blocks are
suitable for use with analogue or electronic meters.
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4

Using TemBreak 2
Operating handles

Using other MCCB
Operating handles

3. Field installable accessories

n Accessories can be fitted by the switchboard
builder or the end-user. All internal accessories
are common for TemBreak 2 MCCBs.

n Handles and motor operators can be rapidly
fitted using locking pegs. It takes less than 10
seconds to secure a handle or motor to the
MCCB – a great time saving.

Superior handles now available - IP 55 or IP 65
on all TemBreak 2 MCCBs up to 630 A, and
TemBreak 1, 125 A to 1600 A.

4. IP 65 or IP 55 variable depth handles

Overload protection is adjustable between 63 % and 100 % of the rating.
Short-circuit protection is adjustable on all thermal magnetic models.
Short-circuit protection settings are suitable for motor starting on all
models, including the compact 125 A and 250 A frames.

Door cut-out patterns for handles are
symmetrical, even when breakers are mounted
in opposite directions.

Symmetrical door cut-out patterns

5. Increased thermal-magnetic flexibility

The adjustability of an electronic MCCB is available in a 250
A Frame MCCB. OCR Ratings range from 50 A to 250 A.

6. Electronic Protection in a 250 A Frame

Moulded Case Circuit Breakers
About Tembreak 2
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4
8. Compact Transfer Switches

Mechanical interlocks are installed on the front of the MCCB, and are compatible with motor operators and
handles. An automatic changeover system can be assembled by a switchboard builder or end-user, from
components. Alternatively, complete made-up transfer switches can be supplied.

Changeover pair with link interlock
and motor operators 

Viewed from side 
(250 A frame)

250 AF MCCBs are available ranging from:
n 12 A – 250 A @ 25, 30 kA (E/S 160 - 250)
n 32 A – 250 A @ 36, 65 kA (S160 - 250)

7. 250 A Frame MCCBs: 
12 A - 250 A on a Common Chassis

n The TemLogic 2 controller type TL101 offers a wide range
of standard features, ease of installation, all in a compact
144 x 144 x 94 mm housing. The controller is configured
via soft touch buttons on the front fascia.

n Timer / Relay controller type TLP2 – offers a simple system
of logic control from easy to obtain NHP components.

n PLC / Relay controller type TLPC 2 – offers the function of
a PLC combined with that of a logic controller.

n Suitable for TemBreak 1 & 2 MCCBs.

9. Transfer Switch Controller options

Moulded Case Circuit Breakers
About TemBreak 2

10. Integral earth leakage ELCB / MCCB

The ZS earth leakage ELCB from Terasaki offers machine or personnel protection
within a standard 125 A, 160/ 250 A MCCB frame size. The ZS earth leakage ELCB
also maintains the full functionality of a standard thermal-magnetic overload /
short circuit protection device.

Features
n Adjustable trip settings from 30 mA to 3A
n Time delay 0 - 700 mS
n 3 or 4 pole
n 65 kA short circuit fault interruption
n Switched or unswitched neutral versions
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4

10. Visual safety

Coloured indicators display the ON or OFF status. The indicators are fully covered if the breaker trips,
so that black is the only visible colour.

ON (I) OFF (O) TRIPPED

11. Isolation safety - Direct driven toggle

TemBreak 2 MCCBs are marked with IEC symbol
indicating Direct Opening Action.  
The robust mechanism ensures that the force applied
to the toggle is transmitted directly to the contacts.
Under the heading “Measures to minimise risk in the
event of failure”, IEC 60204-1 Safety of Machinery -
Electrical Equipment of Machines includes the
following recommendation:
“ - the use of switching devices having positive 
(or direct) opening operation.”
TemBreak 2 MCCBs will assist any user to comply with
the world’s most stringent safety standards. This
enables TemBreak 2 to be among the safest switching
devices for machinery and general isolation
applications.

12. Touch safety

The risk of touching live parts has been minimised by design. 
These features reduce the risk of touching live parts:

n There are no exposed metal screws on the front face
n No live parts are exposed when fitting accessories

Opening force
is transmitted
directly from

the toggle
switch

Contacts
separated

Maintenance
can be

performed on
the load side

Moulded Case Circuit Breakers
About TemBreak 2
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13. International compliance 

n The TemBreak 2 MCCB complies with the 
international standard IEC 60947-2 and AS/NZS 3947.2

n TemBreak 2 Switch Disconnectors comply with 
IEC 60947-3 and AS/NZS 3947.3

n Accessories comply with IEC 60947-5-1,
IEC 61058-1 and AS/NZS 3947.5.1

n The entire range conforms to the IEC general 
rules for switchgear, IEC 60947-1, and AS/NZS 3947.1

n The TemBreak 2 range complies with the EC Low 
Voltage Directive and all models are CE marked

Independent tests
TemBreak 2 circuit breakers have been tested at independent
laboratories (such as TCA Australia) as well as in Terasaki's own
laboratory in Osaka, Japan.

Marine approvals
TemBreak 2 MCCBs are approved by the leading marine 
approval organisations.

Moulded Case Circuit Breakers
About TemBreak 2

14. TemCurve 6.0
Circuit Breaker Selectivity Applications Software   
NHP ‘TemCurve 6’ MCCB selectivity application software, includes many features that make TemCurve 6 a
versatile applications tool. Device types included in TemCurve 6 are Terasaki MCBs, MCCBs, ACBs, NHP
fuses, and generic IEC protection relay curves. 

TemCurve 6 includes:
Circuit line diagrams Cable fault calculations Supply voltage options
Distribution schematic Supply fault calculations Motor start applications
Catalogue data prints Time current curves User defined curves
Device photos I2t curves Circuit breaker settings
Internet update capability Exports to AutoCad* A calculator
Supply device type options TemCurve file sharing
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Moulded Case Circuit Breakers
Chassis systems

General features TemWay XA, XB, XC chassis 
n 36 and 40 kA ratings on standard TemWay XA and XB chassis
n PXB chassis suitable for S250PE electronic and E/S/H/L thermal magnetic MCCBs.
n 50 and 65 kA ratings on TemWay XC chassis
n A range of TemWay 4 pole XA and XB chassis, suitable for ZS earth leakage MCCBs
n Single sided chassis for 250 AF MCCBs 20 – 250 A
n Suitable for 690 V AC applications

Heavy current “HC” chassis
n For MCCBs, 20 - 1250 A
n Compact single sided version
n A longer maximum box size - allows more MCCBs to be fitted
n 11 box sizes – more economical sizing to suit applications and save cost.
n Suitable for 690 V AC applications

Testing
Both TemWay and HC Chassis have been unconditionally type tested (no MCCBs fitted) in Australia, at the
short time with stand ratings shown in the table below.  

Moulded Case Circuit Breaker chassis system
MCCBs are often required to be mounted singly, in the case of a motor centre, or in groups, as part of a
larger power distribution system. To help assist with grouped MCCB power distribution requirements, NHP
manufacture standardised busbar systems, simply called chassis. NHP stock a range of basic chassis which
can be purchased ‘off the shelf’, while more complex, higher current chassis are produced mostly on a
custom basis to suit a customer specification.

Double sided

Double sided

Single sided 

Left or right sided

Double sided

Double sided

Double sided or single

sided left or right

Chassis
type Description

Main bar 
rating

E/S/ZS125 

12 A -125 A

E/S/ZS250 NJ/GJ

12 A - 250 A

E/S/ZS250 NJ/GJ

12 A - 250 A

E/S/ZS250 NJ/GJ

12 A - 250 A

S250PE

Electronic MCCB

E /S/ZS160 - 250

up to E/S400

E/S160 up to

XS1250SE

Cat. No.

XA

XB

XBSS

PXB

XC

HC

630 A, 800 A

800 A

800 A

800 A

1000 A 1)

1250 A, 

1600 A, 2200 A 

Fault current
level Icw rating

36 kA for 1 second

40 kA for 0.5 second

36 kA for 1 second

40 kA for 0.5 second

36 kA for 1 second

40 kA for 0.5 second

36 kA for 1 second

40 kA for 1 second

50 kA for 1 second

65 kA for 0.5 second

65 kA fpr 1 second

MCCB 
frame size

125 AF

250 AF

250 AF

250 AF

250 AF, 400 A

250 AF to 

1250 AF

Notes: 1) Can be operated up to 800 A only, to comply wih AS/NZS 3000 - 2007.
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TemBreak 2 MCCB 
Quick reference guide - 12 A to 630 A

Yellow Motor Circuit Protector XM
Green Economy range E
Blue Standard range S
Dark Brown High kA range H
Red Limitor range L
Grey Isolators / Non-Auto N

Colour Key: 
MCCB labels are similarly colour coded via a
coloured rectangle around the catalogue number
on the breaker.

TemBreak 1 Quick reference guide - MCCBs to 3200 A

1)

Note: 1) 20-32 A Trip unit versions rated 30 kA.
A TemBreak 1 to TemBreak 2 cross reference can be found on page 4 - 26.

Amp 400/415 V Ι cu kA rating No. of Thermal Electronic 
Range 25 30 36 45 50 65 70 85 125 Poles Magnetic OCR OCR Cat. No.
0.7 – 12A 85 3 Hydraulic mag. – XM30PB
400 – 630 65 3, 4 Yes – XS630NJ
400 – 630 85 3, 4 Yes XH630PJ
315 – 630 50 3, 4 – Yes XS630SE
315 – 630 65 3, 4 – Yes XH630SE
315 – 630 65 3, 4 – Yes XH630PE
500 – 800 50 3, 4 Yes – XS800NJ
500 – 800 85 3, 4 Yes XH800PJ
400 – 800 50 3, 4 – Yes XS800SE
400 – 800 65 3, 4 – Yes XH800SE
400 – 800 65 3, 4 – Yes XH800PE
500 – 1250 85 3, 4 – Yes XS1250SE
800 – 1600 100 3, 4 – Yes XS1600SE
1000 – 2000 85 3, 4 – Yes XS2000NE
1250 – 2500 85 3, 4 – Yes XS2500NE
1600 - 3200 85 3 – Yes XS3200NE
315 – 630 125 3, 4 – Yes TL630NE
400 – 800 125 3, 4 – Yes TL800NE
500 – 1250 125 3, 4 – Yes TL1250NE

Amp 400/415 V Icu kA rating No. of Thermal Electronic 
range 25 30 36 50 65 70 85 125 200 Poles Magnetic OCR OCR Cat. No.
12.5 – 125 25 3 Yes – E125NJ
16 – 125 25 1 Yes – S125NF
15    – 100 65 65 2 Yes – S100GF
12.5 – 125  36 3, 4 Yes – S125NJ
12.5 – 125 65 3, 4 Yes – S125GJ
12.5 - 125 65 3, 4 Yes – ZS125GJ
12.5 – 125 125 3, 4 Yes – H125NJ
12.5 – 125 200 3, 4 Yes – L125NJ
12.5 – 160 25 1 Yes – S160NF
12.5 – 160 36  3, 4 Yes – S160NJ
32    – 160 65 3, 4 Yes – S160GJ
100  – 160 125 3, 4 Yes – H160NJ
100  – 160 200 3, 4 Yes – L160NJ
12.5 –  250 25 3 Yes – E250NJ
100  – 250 36 3, 4 Yes – S250NJ
100  – 250 65 3, 4 Yes – S250GJ
100  – 250 65 3, 4 Yes – ZS250GJ
50    – 250 70 3, 4 – Yes S250PE
100  – 250 125 3, 4 Yes – H250NJ
50    – 250 125 3, 4 – Yes H250NE
100  – 250 200 3, 4 Yes – L250NJ
252  – 400 25 3 Yes – E400NJ
160  – 400 36 3 Yes – S400CJ
160  – 400 50 3, 4 Yes – S400NJ
100  – 400 50 3, 4 – Yes S400NE
160  – 400 70 3, 4 Yes – S400GJ
100  – 400 70 3, 4 – Yes S400GE
100  – 400 85 3, 4 – Yes S400PE
100  – 400 125 3, 4 – Yes H400NE
100  – 400 200 3, 4 – Yes L400NE
252  – 630 36 3 – Yes E630NE
252  – 630 50 3, 4 – Yes S630CE
252  – 630 70 3, 4 – Yes S630GE
Isolator Short time rating for
switches 0.3 seconds Icw (kA)
125 2 S125NN
160 3 S160NN
250 3 S250NN
400 5 S400NN
630 5 S630NN
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TemBreak 2 MCCB   
Ratings and specifications

MCCB Electrical characteristics to: 
AS/NZS 3947-2, 
IEC 60947-2, EN 60947-2, 
JIS C 8201-2-1 ANN.1, NEMA AB-1

Catalogue No. E125 S125 S125 S100
Type NJ NF NJ GF
Ampere frame 125
Number of Poles 3 1 3 2 3       

Nominal current ratings Unit
In 45°C (A) 20,32,50, 16,20,25,   20,32,50, 15,20,30,

63,100, 32,40,50,  63,100, 40,50,60,  
125 63, 80, 125 75,100

100,125
Electrical characteristics
Rated operational voltage Ue AC 50/60 Hz (V) 500 240 690 690

DC 500 - 600 600
Rated insulation voltage Ui (V) 800 800 800 800
Rated impulse withstand voltage Uimp (kV) 8 8 8 8 8 8 8 8 8 8 8 8
Ultimate breaking capacity Icu 690 V AC (kA) - - 6 5 6 2   
(IEC, JIS, AS/NZS) 525 V AC 8 - 22 25   

440 V AC 15 - 25 50   
400/415 V AC 25 - 36 65   
220/240 V AC 35 25 50 85   

250 V DC 25 - 25 40   
Service breaking capacity Ics 690 V AC (kA) - - 6 6 6 1   
(IEC, JIS, AS/NZS) 525 V AC 6 - 22 22   

440 V AC 12 - 25 25   
400/415 V AC 19 - 36/30 36/33   
220/240 V AC 27 13 50 85   

250 V DC 19 - 19 40   
Rated breaking capacity (NEMA) 480 V AC (kA) 8 - 22 25   

240 V AC 35 25 50 85   
Protection
Adjustable thermal, adjustable magnetic n n n n n n n n n

Fixed thermal, fixed magnetic n n n

Microprocessor
Utilisation category A A A A A A A A A A A A
Installation
Front connection (FC) n n n n n n n n n n n n

Attached flat bar (FB) l l l l l l l l l l l l

Solderless terminal (cable clamp) (FW) l l l l l l l l l l l l

Rear connection (RC) l - l l l l l

Plug-in (PM) l - l -
Draw- out (DR) - - - - - - - - - - - -
DIN rail mounting (DA) l l l l l

Dimensions (mm) h (mm) 155 155 155 155
w 3 pole, (1 pole) 90 (30) 90 60

4 pole 120 - - - 1
d 68 68 68 68

Weight (kg) 3 pole, (1 pole) (kg) 1.1 (0.45) 1.1 0.90
4 pole 1.4 - 1.4 -

Operation
Direct Opening Action n n n n n n n n n n n n

Toggle operation n n n n n n n n n n n n

Variable depth (HP) / direct mount operating handle (HB) l - l -
Motor operator (MC) l - l -

Endurance (440V AC) Electrical cycles
Mechanical

ZS125
GJ

2

20, 32, 50,
63, 100, 125

525
-
800
8
-
25
50
65
85
-
-
22
25
36/33
85
-
25
85

2)

A

n

l

l

l

l

-
l

155
90
120
68
1.1
1.4

n

n

l

l

Notes: 1) Figures in brackets ( ) applies only to S160NJ MCCBs with 20 A and 32 A trip units.
2) ZS125 has an adjustable thermal and fixed and magnetic trip.
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n Standard       l Optional       - Not Available

 S125 H125 L125 S160 S160 1) S160 H160 L160
GJ NJ NJ NF NJ GJ NJ NJ

 160
  3,4 3, 4 3, 4 1 3, 4 3, 4 3, 4 3, 4

  
   20,32,50, 20,32,50, 20,32,50, 16,20,25,32, 20,32,50,63, 50,63,100, 160 160
  63,100,125 63,100,125 63,100,125 40,50,63,80, 100,125,160 125,160

 100,125,160

 
     690 690 690 415 690 690 690 690

600 600 600 125 600 600 600 600
   800 800 800 800 800 800 800 800
    8 8 8 8 8 8 8 8

U       6 20 25 - 7.5 (5) 1) 7.5 20 25
    25 45 65 - 25 (18) 1) 25 45 65

  50 120 180 - 25 (18) 1) 50 120 180
  65 125 200 - 36 (30) 1) 65 125 200
  85 150 200 25 65 (42) 1) 85 150 200
  40 40 40 - 40 (30) 1) 40 40 40

      6 15 20 - 7.5 (5) 1) 7.5 15 20
    22 45 65 - 25 (18) 1) 25 45 65

  25 80 135 - 25 (18) 1) 25 80 135
  36/33 85 150 - 36 (25) 1) 36 85 150
  85 150 150 19 65 (35) 1) 85 150 150
  40 40 40 - 40 (25) 1) 40 40 40

     25 45 65 - 22 (18) 1) 25 45 65
  85 150 200 25 65 (42) 1) 85 150 200

   n n n n n n n

   n

  A A A A A A A A

  n n n n n n n n

   l l l l l l l l

    l l l l l l l l

  l l l - l l l l

 l l l - l l l l

  - - - - - - - -
D    l - - - - - - -
D  155 165 165 165 165 165 165 165

   90 105 105 (35) 105 105 105 105
 120 140 140 - 140 140 140 140

68 103 103 68 68 68 103 103
    1.1 2.4 2.4 (0.5) 1.5 1.5 2.5 2.5

 1.4 3.2 3.2 1.9 1.9 3.3 3.3

  n n n n n n n n

 n n n n n n n n

        l l l - l l l l

  l l l - l l l l
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10,000
30,000

n Standard       l Optional       - Not Available

MCCB Electrical characteristics to: 
AS/NZS 3947-2, 
IEC 60947-2, EN 60947-2, 
JIS C 8201-2-1 ANN.1, NEMA AB-1

TemBreak 2 MCCB   Ratings and specifications

Catalogue No. E250 S250 S250 S250 H250
Type NJ NJ GJ PE NJ
Ampere frame 250
Number of Poles 3 3, 4 3, 4 3, 4 3, 4          

   

Nominal current ratings Unit
In 45°C (A) 20,32,50, 160, 160, 5) 250, 160,

63,100, 200, 250 4) 125, 250
125,160, 250
200,250

Electrical characteristics
Rated operational voltage Ue AC 50/60 Hz (V) 500 690 690 690 690

DC 500 600 600 - 600
Rated insulation voltage Ui (V) 800 800 800 800 800
Rated impulse withstand voltage Uimp (kV) 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
Ultimate breaking capacity Icu 690 V AC (kA) - 7.5 7.5 20 20
(IEC, JIS, AS/NZS) 525 V AC 10 25 25 35 45

440 V AC 15 25 50 50 120
400/415 V AC 25 36 65 70 125
220/240 V AC 35 65 85 125 150

250 V DC 25 40 40 - 40
Service breaking capacity Ics 690 V AC (kA) - 7.5 7.5 15 15  
(IEC, JIS, AS/NZS) 525 V AC 7.5 25 25 35 45

440 V AC 12 25 25 50 80
400/415 V AC 19 36 36 70 85
220/240 V AC 27 65 85 125 150

250 V DC 19 40 40 - 40
Rated breaking capacity (NEMA) 480 V AC (kA) 10 22 25 35 45

240 V AC 35 65 85 125 150
Rated short-time withstand current Icw  0.3 Seconds (kA) - - - - - - - - - 5 - 5 - 5 5 - - -
Protection
Adjustable thermal, adjustable magnetic n n n n n n n n n

Fixed thermal, fixed magnetic
Microprocessor n

Utilisation category A A A A A A A A A B A B B B B A A A
Installation
Front connection (FC)
Attached flat bar (FB) l l l l l l l l l l l l l l l l l l

Solderless terminal (cable clamp) (FW) l l l l l l l l l l l l l l l

Rear connection (RC) l l l l l l l l l l l l l l l l l l

Plug-in (PM) l l l l
2)

Draw- out (DR) - - - - - -
DIN rail mounting (DA) - - - - - - - - - - - - - - - - - -
Dimensions (mm) h (mm) 165 165 165 165 165

w 3 pole 105 105 105 105 105
4 pole 140 140 140 140 140

d 68 68 68 103 103
Weight (kg) 3 pole (kg) 1.5 1.5 1.5 2.5 2.4

4 pole 1.9 1.9 1.9 3.3 3.2
Operation
Direct Opening Action n n n n n n n n n n n n n n n n n n

Toggle operation n n n n n n n n n n n n n n n n n n

Variable depth (HP)/ direct mount operating handle (HB) l l l l l l l l l l l l l l l l l l

Motor operator (MC) l l l l l l l l l l l l l l l l l l l

Endurance (415V AC) Electrical cycles
Mechanical

ZS250
GJ

3,4

160, 
250

525
-
800
8
-
25
50
65
85
-
-
25
25
36
85
-
25
85

6)

A

l

l

l

l

-
-
165
105
140
68
1.5
1.9

n

n

l

l

H250
NE

3,4

250, 
125

690
-
800
8
20
45
120
125
150
-
15
45
80
85
150
-
45
150
-

n

A

l

l

l

2)
-
-
165
105
140
103
2.5
3.3

n

n

l

l

4
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 L250 E400 S400 S400 S400 S400 S400 S400 H400 L400 E630 S630 S630 >630
 NJ NJ CJ NJ NE GJ GE PE NE NE NE CE GE

 400 630
      3, 4 3 3 3, 4 3,4 3, 4 3, 4 3, 4 3, 4 3, 4 3 3, 4 3, 4

   

  
  160, 400 250, 250, 250, 250, 250, 250, 250, 250, 630 630 630

 250 400 400 400 400 400 400 400 400

 
     690 500 690 690 690 690 690 690 690 690 6901) 6901) 6901)

600 500 600 600 - 600 - - - - - - -
R    800 800 800 800 800 800 800 800 800 800 800 800 800

    8 8 8 8 8 8 8 8 8 8 8 8 8
U       25 - 15 20 20 20 20 20 35 50 10* 20* 20

    65 15 22 30 30 30 30 30 45 65 15 30 30
  180 22 30 45 45 65 65 80 120 180 25 45 65
  200 25 36 50 50 70 70 85 125 200 36 50 70
  200 35 50 85 85 100 100 100 150 200 50 85 100
  40 25 40 40 - 40 - - - - - - -

S       20 - 15 15 15 15 15 15 35 50 10 1) 151) 151)
    65 15 22 30 30 30 30 30 45 65 15 30 30

  135 22 30 45 45 50 50 80 80 135 25 45 50
  150 25 36 50 50 50 50 85 85 150 36 50 50
  150 35 50 85 85 85 85 85 150 150 50 85 85
  40 19 40 40 - 40 - - - - - - -

R      65 15 22 25 25 30 30 30 45 65 15 25 30
  200 35 50 85 85 100 100 100 150 200 50 85 100

      - - - - 5 - 5 - 5 5 - - -

   n n n n n

   
n n n n n n n n

  A A A A B A B B B B A A A

  
   l l l l l l l l l l l l l

    l l l l l l l l l l - - -
R   l l l l l l l l l l l l l

 2) l l l l l l l l l
3) 3) 3)

  - l l l l l l l l l - - -
D    - - - - - - - - - - - - -
D  165 260 260 260 260 260 260 260 260 260 260 260 260

  105 140 140 140 140 140 140 140 140 140 140 140 140
 140 185 185 185 185 185 185 185 185 185 185 185 185

103 103 103 103 103 103 103 103 140 140 103 103 103
   2.4 4.2 4.2 4.2 4.3 4.2 4.3 4.3 7.1 7.1 5.0 5.0 5.0

 3.2 5.6 5.6 5.6 5.7 5.6 5.7 5.7 9.4 9.4 6.5 6.5 6.5

  n n n n n n n n n n n n n

 n n n n n n n n n n n n n

       l l l l l l l l l l l l l

  l l l l l l l l l l l l l

  

4

TemBreak 2 MCCB   Ratings and specifications
MCCB Electrical characteristics to AS/NZS 3947-2, IEC 60947-2, EN 60947-2, 
JIS C 8201-2-1 ANN.1, NEMA AB-1

RA
TI
NG

S 
AN

D 
SP

EC
IF
IC
AT

IO
NS

 O
F 
M
CC
Bs

 F
RO

M
 6
30

 A
 T
O 
25

00
 A
 -
 R
ef
er
 f
ol
lo
w
in
g 
pa

ge
s

Notes: 1) MCCB cannot be used in IT systems at this voltage.
2) Refer to Temperature Ratings Section. 
3) Contact NHP for details.
4) ZS250 available with a 160 A or 250 A trip unit only.

5) 160 A trip unit type for ZS250 only.
6) ZS ELCB has an adjustable thermal trip and a fixed

magnetic trip. 

4,500
15,000

4,500
15,000
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TemBreak 1 and 2 MCCBs
Interrupting capacities to suit your application

E - S - H - L types
The majority of distribution systems are designed to
an ultimate short circuit rating (Icu). An Icu rated
MCCB provides the optimum protection in terms of
safe and economical selection.
Certain applications may require protection which is
designed to the more onerous service short circuit
rating (Ics).
Terasaki’s TemBreak 2 range can provide a wide
choice of MCCBs with superior Ics ratings up to 
150 kA at 415 V AC.
Icu = o-co 2 full short circuits (Icu)
Ics = o-co-co 3 full short circuits (Ics)

E - S - L - H series
Ics is often stated as a percentage of Icu (e.g. 50%)
or as a kW rating (e.g. Icu/Ics = 50/50kA).
During a fault condition, a circuit breaker with
excellent current limiting ability such as TemBreak 2,
can substantially reduce damage to the electrical
system and thus minimise downtime.
This current limiting feature reduces the peak let
through current (Ipeak) and energy let through (I2t)
during fault conditions.

TemBreak 2
OCR setting made easy
The standard TemBreak 2 OCR can be configured
allowing the user to adjust the rated current (IRated)
of the MCCB and select a predetermined tripping
curve. This allows the user to tailor the MCCBs
tripping characteristics to suit the requirements of 
the electrical load.

TemBreak 1
The need for a continuous and reliable power supply
places increased emphasis on selectivity
requirements in today’s electrical distribution
systems.
The Selectivity Series utilises microprocessor based
protection, plus a fully adjustable L.S.I. overcurrent
relay to allow full grading of an installation.

E125NJ
Icu = 25 kA
Ics = 19 kA

S250PE
Icu = 70 kA
Ics = 70 kA

H400NE
Icu = 125 kA
Ics = 85 kA

L400NE
Icu = 200 kA
Ics = 150 kA

E

S
H

L

SE Selectivity MCCBs

Interrupting capacity to suit your application
Examples:

Limitation of system damage

Electronic overcurrent trip units

Peak amperes

TemBreak 1 or 2 MCCB
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TemBreak 2 MCCB 
Types and setting ranges

Notes: 1) The STD settings are not adjustable, however by selecting different curve types, the STD setting will vary between 2.5 – 10 x IR : for
250/400 A MCCBs and 2.5 – 8 x IR : for 630 A MCCBs.

2) The Instantaneous settings are not adjustable, however by selecting different curve types, the INST instantaneous setting will vary from
13 or 14 x IR : for 250 A/400 A MCCBs and 10 or 14 x IR for 630 A MCCBs. Refer curve examples & setting data in Section 12.

3) 20-32 A Trip unit versions rated at 30 kA.

125 A

160 A / 250 A
400 A / 630 A

MCCB types & Setting ranges. 
MCCBs with a common colour have the same physical dimensions 

Ampere 415 V kA Thermal Magnetic Trip Unit Electronic OCR Catalogue Dimensions (mm)
Range Adjustment Adjustment Number H W D

Ι CU Ι CS Thermal ΙR Magnetic ΙM Range ΙR STD x ΙR / INST x ΙR 1) 2) (3 Pole)
12.5 – 125 25 19 0.63 – 100% 6 – 10 or 12M – – E125NJ 155 90 68
16 – 125 25 13 Fixed Fixed -– – S125NF 155 30 68
15    – 100 65 33 Fixed Fixed – – S100GF 155 60 68
12.5 – 125 36 36 0.63 – 100% 6 – 10 or 12M – – S125NJ 155 90 68
12.5 – 125 65 36 0.63 – 100% 6 – 10 or 12M – – S125GJ 155 90 68
12.5 – 125 65 36 0.63 – 100% Fixed – – ZS12SGJ 155 90 68
12.5 – 125 125 85 0.63 – 100% 6 – 10 or 12M – – H125NJ 165 105 103
12.5 – 125 200 150 0.63 – 100% 6 – 10 or 12M – – L125NJ 165 105 103
16 – 160 25 19 Fixed Fixed – – S160NF 165 35 68
12.5 – 160 3) 36 36 0.63 – 100% 6 – 12M – – S160NJ 165 105 68
32    – 160 65 36 0.63 – 100% 6 – 12M – – S160GJ 165 105 68
100  – 160 125 85 0.63 – 100% 6 – 12M – – H160NJ 165 105 103
100  – 160 200 150 0.63 – 100% 6 – 12M – – L160NJ 165 105 103
12.5 – 250 25 19 0.63 – 100% 6 – 10 or 12M – – E250NJ 165 105 68
160  – 250 36 36 0.63 – 100% 6 – 10M – – S250NJ 165 105 68
160  – 250 65 36 0.63 – 100% 6 – 10M – – S250GJ 165 105 68
100  – 250 65 36 0.63 – 100% Fixed – – ZS250GJ 165 105 68
50    – 250 70 70 – – 40 – 100% 2.5, 5, 10 / 13 or 14 S250PE 165 105 103
160  – 250 125 85 0.63 – 100% 6 – 10M – – H250NJ 165 105 103
50    – 250 125 85 – – 40 – 100% 2.5. 5, 10 / 13 or 14 H250NE 165 105 103
160  – 250 200 150 0.63 – 100% 6 – 10M – – L250NJ 165 105 103
252  – 400 25 25 0.63 – 100% 6 – 12M – – E400NJ 260 140 103
160  – 400 36 36 0.63 – 100% 6 – 12M – – S400CJ 260 140 103
160  – 400 50 50 0.63 – 100% 6 – 12M – – S400NJ 260 140 103
100  – 400 50 50 – 6 – 12M 40 – 100% 2.5, 5, 10 / 13 or 14 S400NE 260 140 103
160  – 400 70 50 0.63 – 100% 6 – 12M – – S400GJ 260 140 103
100  – 400 70 50 – – 40 – 100% 2.5, 5, 10 / 13 or 14 S400GE 260 140 103
160  – 400 85 85 – – 40 – 100% 2.5, 5, 10 / 13 or 14 S400PE 260 140 103 
100  – 400 125 85 – – 40 – 100% 2.5, 5, 10 / 13 or 14 H400NE 260 140 140
100  – 400 200 150 – – 40 – 100% 2.5, 5, 10 / 13 or 14 L400NE 260 140 140
252  – 630 36 36 – – 40 – 100% 2.5, 5, 8 / 10 or 14 E630NE 260 140 103
252  – 630 50 50 – – 40 – 100% 2.5, 5, 8 / 10 or 14 S630CE 260 140 103
252  – 630 70 50 – – 40 – 100% 2.5, 5, 8 / 10 or 14 S630GE 260 140 103

Isolator Short time rating for Rated short-circuit
switches 0.3 seconds Icw (kA) Making capacity Icm (kA)
125 2 3.6 S125NN 155 90 68
160 3 6 S160NN 165 105 68
250 3 6 S250NN 165 105 68
400 5 9 S400NN 260 140 103
630 5 9 S630NN 260 140 103
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4 TemBreak 2
250 A MCCB

TemBreak 1
125 A MCCB

MCCB TemBreak 2 TemBreak 1 – approximate equivalent (Cat. No.)
Ampere 415 V kA Thermal-Mag Electronic TemBreak 2 Primary equivalent 1, secondary 2, third 3, / & 415 V kA rating
Range Ι CU Ι CS Adjustable Adjustment Cat. No. 1 2 3

12.5 – 125 25 19 Yes – E125NJ XS125CJ 18 kA XS125NJ 30 kA XE225NC 18 kA
12.5 – 125 25 13 No – S125NF XS125CS 18 kA XS125NS 30 kA –
15 – 100 65 33 No – S100GF XH125NJ 50 kA – –
12.5 – 125 36 36 Yes – S125NJ XS125NJ 30 kA XS125CJ 18 kA XE225NC 18 kA 
12.5 – 125 65 36 Yes – S125GJ XH125NJ 50 kA TL100NJ 85 kA XH125PJ 50 kA 
12.5 – 125 125 85 Yes – H125NJ TL30F 120 kA TL100F    120 kA TL100NJ  85 kA 
12.5 – 125 200 150 Yes – L125NJ TL225B 180 kA – –
12.5 – 160 25 19 No – S160NF – – –
12.5 – 160 1) 36 36 Yes – S160NJ XS250NJ 35 kA XH160PJ 50 kA XE225NC 18 kA
32 – 160 65 36 Yes – S160GJ XH250NJ 50 kA XH250PJ 85 kA XH160PJ 50 kA
100 – 160 125 85 Yes – H160NJ TL250NJ 85 kA TL225F    120 kA TL100F   120 kA
100 – 160 200 150 Yes – L160NJ TL225B 180 kA TL100C    180 kA –
12.5 –250 25 19 Yes – E250NJ XS250NJ 35 kA XE225NC 18 kA –
100 – 250 36 36 Yes – S250NJ XS250NJ 35 kA – –
100 – 250 65 36 Yes – S250GJ XH250NJ 50 kA TL250NJ  85 kA –
50 – 250 70 70 – Yes S250PE XH400SE 65 kA XS400SE 50 kA –
100 – 250 125 85 Yes – H250NJ TL250NJ 85 kA XH250PJ 65 kA –
50 – 250 125 85 – Yes H250NE TL400NE   85 kA TL225F    120 kA –
100 – 250 200 150 Yes – L250NJ TL225B 180 kA – –
252 – 250 25 25 Yes – E400NJ XS400CJ 35 kA – –
160 – 400 36 36 Yes – S400CJ XS400CJ 35 kA – –
160 – 400 50 50 Yes – S400NJ XS400NJ 50 kA – –
100 – 400 50 50 – Yes S400NE XS400SE 50 kA XH400SE 65 kA XH400PE 65 kA
160 – 400 70 50 Yes – S400GJ XH400PJ 65 kA – –
100 – 400 70 50 – Yes S400GE XH400SE 65 kA XH400PE 65 kA TL400NE 85 kA
100 – 400 85 85 - Yes S400PE TL400NE 85 kA XH400PE 65 KA XH400PJ 65 KA
160 – 400 125 85 Yes – H400NJ TL400NE 85 kA TL630NE 125 kA –
100 – 400 125 85 – Yes H400NE TL400NE 85 kA TL630NE 125 kA –
160 – 400 200 150 Yes – L400NJ – – –
100 – 400 200 150 – Yes L400NE – – –
252 – 630 36 36 – Yes E630NE XS630CJ 45 kA XS630NJ 65 kA –
252 – 630 50 50 – Yes S630CE XS630SE 50 kA XS630NJ 65 kA –
252 – 630 70 50 – Yes S630GE XH630SE 65 kA XH630PE 65 kA XS630PJ 85 kA

MCCB Isolators (Non-auto) - Short time rating for 0.3 seconds Ι CW (kA)

125 2 – – S125NN XS125NN 1.8 kA – –

160 3 – – S160NN XS250NN 4 kA XE250NNC 3 kA –
250 3 – – S250NN XS250NN 4 kA – –
400 5 – – S400NN XS400NN 5 kA – –
630 5 – – S630NN XS630NN 9.6 kA – –

Notes: The above equivalents are approximate only. Physical sizes may vary slightly as well as kA ratings.
MCCBs with the same colours have the same outline dimensions, though in the case of 400 AF and 630 AF,
main terminal heights vary.
1) 20-32 A Trip unit versions are rated at 30 kA.

TemBreak 2 and TemBreak 1 MCCB 
Cross reference guide

TemBreak 2 TemBreak 1
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Internal accessories Section
n Auxiliary switches 4

n Alarm switches 4

n Very low voltage and current switching auxiliaries and alarm switches 4

n Shunt trips 4

n Undervoltage trips 4

External accessories
n Motor operators 4

n Operating handles 4

n Mechanical interlocks 4

n Terminal covers 4

n Interpole barriers 4

n Toggle locks and locking devices 4

n Wire lead terminal block 4

n Attached flat bar 4

n Tunnel clamp terminals 4

n Rear connection terminal studs 4

n TemPlug 4

n Plug-in MCCB bases 4

n Withdrawable MCCBs 4

n OCR sealing cover 4

n Pole fillers 4

n DIN rail mounting adaptor 4

n Door Flange 4

n Door mounting flush plate kit 4

n Wire lead terminal block 4

n External 4th neutral CT 4

n OCR sealing kit (125/250 A MCCBs) 4

n Electronic MCCB OCR checker 4

n MCCB rating labels 4

External accessories (Cont’d) Section
n XA, XB, PXB, XC Double-sided chassis 6

n XA, XB, XC Single-sided chassis 6

n Chassis kA Ratings and cut-out details 6

n HC High current chassis 6

TemBreak MCCB accessories
TemBreak 1 and TemBreak 2 – 125 to 2500 AF
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TemBreak 2 MCCB accessories
Electrical control using internally mounted accessories

Valid maximum accessory combinations to suit the following frame sizes

General Purpose
Auxiliary Switch

General Purpose
Auxiliary Switch

General
Purpose
Alarm
Switch

Shunt
Trip

Heavy-
Duty
Alarm
Switch

Undervoltage
Trip

Shunt
Trip

Undervoltage
TripHeavy-Duty

Auxiliary Switch

General Purpose
Auxiliary Switch

General Purpose
Auxiliary Switch

General Purpose
Auxiliary Switch

General
Purpose
Alarm
Switch

Heavy-
Duty
Alarm
Switch

Heavy-Duty
Auxiliary Switch

Heavy-Duty
Auxiliary Switch

Frame size (A):

125 AF 400 and 630 AF

Shunt
Trip

Undervoltage
Trip

General Purpose
Auxiliary Switch

General Purpose
Auxiliary Switch

General
Purpose
Alarm
Switch

Heavy-
Duty
Alarm
Switch

Heavy-Duty
Auxiliary Switch

Heavy-Duty
Auxiliary Switch

160 and 250 AF

n Alarm indication switches mount in the left side of the MCCB. 
General purpose and heavy-duty alarm indication switches cannot be mixed in the same MCCB.

n Shunt trips and undervoltage trips mount in the right side of the MCCB.
n Refer NHP for the fitting of additional auxiliaries to 125 A / 250 A MCCBs.
n One alarm switch will operate in the right side pocket on 125 A and 250 A MCCBs. Not applicable for 400 / 630 A MCCBs.
n It is not possible to install a shunt trip and an undervoltage trip in an MCCB as they occupy the same location. Undervoltage trips

can provide remote tripping if necessary by wiring a normally closed contact or pushbutton in series with the protected supply.
n Undervoltage trips with time delay require an external time delay controller which clips to the side of the MCCB.

OR

OR

OR

OR
OR

OR
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S125 NJ 3 20

S125 NJ 3 32

S125 NJ 3 50

S125 NJ 3 63

S125 NJ 3 100

S125 NJ 3 125

Replaces: XS125NJ
Note: Check exact ratings or dimensions to suit your application requirement

36 kA
Current rating: 12.5 – 125 A

Interrupting capacity:

Voltage Icu Ics
AC use 380/400 36 36

DC use 250V 25 19

Trip unit:

Adjustable thermal (0.63 Ir to 100% Ir) and adjustable magnetic (refer below)

Dimensions (mm)

Poles 3
H 155

W 90

D (less toggle) 68

Toggle cut-out 48

105 (on chassis)

TemBreak 2 Thermal magnetic type MCCB
S125NJ

Notes: 1) Adj. Ir: Adjustable thermal setting 
Adj. Im: Adjustable magnetic setting
NRC: Nominal rated current

Magnetic only MCCBs available on request.

S125NJ 3 Pole
Ampere 
Rating Adj. Ir 1) Adj. Im 1)
NRC Min - Max. Min - Max. Cat. No.

20 12.5 - 20 120 - 240

32 20 - 32 192 - 384

50 32 - 50 300 - 600

63 40 - 63 378 - 756

100 63 - 100 600 - 1200

125 80 - 125 750 - 1250

Cross reference table Section
Accessories 4
Application data 12
Characteristic curves 5
OCR/ Trip unit set-up 5
Motor starting 12
Selectivity & Cascade 12
Chassis 6
Dimensions and mounting 5

Base standards Approvals
IEC 60947-2 ASTA (UK,AUS)
AS/NZS 60947-2 Marine
EN 60947-2 Lloyd’s / UK
JIS C 8201-2-1 Ann. 1 ABS / USA
CE mark GL / Germany

BV / France
NK / Japan
DNV / Norway
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Replaces: XH125NJ, TL100NJ
Note: Check exact ratings or dimensions to suit your application requirement

TemBreak 2 Thermal magnetic type MCCB
S125GJ

65 kA
Current rating: 12.5 – 125 A

Interrupting capacity:

Voltage Icu Ics
AC use 380/400 65 36

DC use 250V 40 40

Trip unit:

Adjustable thermal (0.63 Ir to 100% Ir) and adjustable magnetic (refer below)

Dimensions (mm)

Poles 3 4
H 155 155

W 90 120

D (less toggle) 68 68

Toggle cut-out 48

105 (On chassis)

Notes: 1) Adj. Ir: Adjustable thermal setting 
Adj. Im: Adjustable magnetic setting
NRC: Nominal rated current

To obtain MCCBs that accept additional internal auxiliary 
circuits add “EA” to the end above the Cat. No.’s e.g.: 
S125GJ3125EA. Otherwise leave blank.
Refer 4 - 29 for more detail.
Refer NHP for availability.
Magnetic only MCCBs available on request.

S125GJ 3 Pole
Ampere 
Rating Adj. Ir 1) Adj. Im 1)
NRC Min - Max. Min - Max. Cat. No.

20 12.5 - 20 120 - 240

32 20 - 32 192 - 384

50 32 - 50 300 - 600

63 40 - 63 378 - 756

100 63 - 100 600 - 1200

125 80 - 125 750 - 1250

S125 GJ 3 20

S125 GJ 3 32

S125 GJ 3 50

S125 GJ 3 63

S125 GJ 3 100

S125 GJ 3 125

S125GJ 4 Pole
Ampere 
Rating Adj. Ir 1) Adj. Im 1)
NRC Min - Max. Min - Max. Cat. No.

20 12.5 - 20 120 - 240

32 20 - 32 192 - 384

50 32 - 50 300 - 600

63 40 - 63 378 - 756

100 63 - 100 600 - 1200

125 80 - 125 750 - 1250

S125 GJ 4 20

S125 GJ 4 32

S125 GJ 4 50

S125 GJ 4 63

S125 GJ 4 100

S125 GJ 4 125

Cross reference table Section
Accessories 4
Application data 12
Characteristic curves 5
OCR / Trip unit set-up 5
Motor starting 12
Selectivity & Cascade 12
Chassis 6
Dimensions and mounting 5

Base standards Approvals
IEC 60947-2 ASTA (UK,AUS)
AS/NZS 60947-2 Marine
EN 60947-2 Lloyd’s / UK
JIS C 8201-2-1 Ann. 1 ABS / USA
CE Mark GL / Germany

BV / France
NK / Japan
DNV / Norway
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Variable depth 
T2HP handle

T2HS Variable 
depth  handle

HB

Suits MCCB types

E125, S125

Grey/black

Red/yellow

H125, L125

Grey/black

Red/yellow

Optional MCCB identification labels

E125, S125

Grey IP 55 handle + 357 mm shaft

Red/ yellow IP 55 handle  357 mm shaft

Escutcheon plate option: 100 mm2

90 mm T pin shaft for T2HS - no flexi coupling

Grey/ black IP65 handle + 420 mm shaft

Red/ yellow IP65 handle + 420 mm shaft

Grey IP 65 Metal handle + 357 mm shaft

Padlock attachment for T2HP/HS mechanism

T2HS handle shaft cam for trapped key interlocks

Optional MCCB identification labels

H125, L125

IP 55 handle + 357 mm shaft

Red/ yellow IP 55 handle + 357 mm shaft

Large escutcheon plate option: 100 mm2

90 mm T pin shaft for T2HS - no flexi coupling

Grey/ black IP 65 handle + 420 mm shaft

Red/ yellow IP 65 handle + 420 mm shaft

Padlock attachment for T2HP/ HS mechanism

T2HS handle shaft cam for Fortress and Prosafe locks

Optional MCCB identification labels

HS

T2HB12UR5BN

T2HB12UR5RN

T2HB25UR5BN

T2HB25UR5RN

T12CAPLAB

T2HS12R5GM

T2HS12R5RM

T2HSESC100

T2HS250SHAFT

T2HP12R6BN

T2HP12R6RN

T2HP12R6ME

T2HP25PALK

1499 7702

T12CAPLAB

T2HS25R5GM

T2HS25R5RM

T2HSESC100

T2HS250SHAFT

T2HP25R6BN

T2HP25R6RN

T2HP25PALK

1499 7702

T12CAPLAB

Door
interlocking
variable depth
handle

Door
interlocking
Direct
mounting,
fixed depth,
IP 54 1)

Accessories to suit 125 A TemBreak 2

External accessories

HP

Notes: 1) For direct mount handle escutcheon label fitting refer section 5 installation data.

Direct mount T2HB
handle with door
mounted
escutcheon plate.

Cat. No.
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Replaces: XH250NJ, TL250NJ
Note: Check exact ratings or dimensions to suit your application requirement

TemBreak 2 Thermal magnetic type MCCB
S250GJ

65 kA
Current rating: 100 – 250 A

Interrupting capacity:

Voltage Icu Ics
AC use 380/415 65 36

DC use 250V 40 40

Trip unit:

Adjustable thermal (0.63 Ir to 100 % Ir) and adjustable magnetic (6 Im to 10 Im)

Dimensions (mm)

Poles 3 4
H 165 165

W 105 140

D (less toggle) 68 68

Toggle cut-out 48

105 (on chassis)

Notes: 1) Adj. Ir: Adjustable thermal setting 
Adj. Im: Adjustable magnetic setting
NRC: Nominal rated current

2) For lower amp ratings in the same frame size, 
refer S160GJ.

Magnetic only MCCBs available on request.
To obtain MCCBs that accept additional internal auxiliary 
circuits add ‘EA’ to the above Cat. No.’s. E.g. S250GJ3250EA.
Otherwise leave blank.

S250GJ 3 Pole
Ampere 
Rating Adj. Ir 1) Adj. Im 1)
NRC 2) Min - Max. Min - Max. Cat. No.

250 160 - 250 1500 - 2500 S250 GJ 3 250

S250GJ 4 Pole
Ampere 
Rating Adj. Ir 1) Adj. Im 1)
NRC 2) Min - Max. Min - Max. Cat. No.

250 160 - 250 1500 - 2500 S250 GJ 4 250

Cross reference table Section
Accessories 4
Application data 12
Characteristic curves 5
OCR / Trip unit set-up 5
Motor starting 12
Selectivity & Cascade 12
Chassis 6
Dimensions and mounting 5

Base standards Approvals
IEC 60947-2 ASTA (UK,AUS)
AS/NZS 60947-2 Marine
EN 60947-2 Lloyd’s / UK
JIS C 8201-2-1 Ann. 1 ABS / USA
CE Mark GL / Germany

BV / France
NK / Japan
DNV / Norway

Special fixed low magnetic types - 3 poles
Ampere 
Rating Adj. Ir 1) Fixed
NRC Min - Max. Magnetic Cat. No.

250 160 - 250 750 A

1000 A

S250 GJ S023160

S250 GJ 250M1000
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4
SH

UV

AX

AL

Internal accessories

Shunt trips Internal accessories are common for MCCBs 125 A to 630 A. All have screw
terminals except those indicated below with wire leads as standard
For 3 and 4 pole MCCBs

110 V AC

230 – 240 V AC

400 – 415 V AC

12 V DC

24 V DC

48 V DC

110 V DC

230 V DC
For 1 pole S160NF MCCBs

110 V AC

230 – 240 V AC

24 V DC

110 V DC

230 V DC

Undervoltage Instantaneous operation 2)

trips 110 V AC

200 – 240 V AC

380 – 450 V AC

24 V DC

110 V DC

230 V DC
Time delayed operation (500 ms) - refer NHP

Auxiliary & General type  (2 A @ 240 V Inductive)

Alarm 1 C/O Auxiliary

switches 1 C/O Auxiliary – with 0.7 m wire leads

1 C/O Alarm

1 C/O Alarm – with 0.7 m wire leads
Heavy-duty type (4 A @ 240 V Inductive)

1 N/O Auxiliary

1 N/C Auxiliary

1 N/O Alarm

1 N/C Alarm
Micro switching type (very low voltages)

1 C/O Auxiliary

1 C/O Alarm

T2SH00A10TA 1)

T2SH00A20TA 1)

T2SH00A40TA 1)

T2SH00DO1TA 1)

T2SH00D02TA 1)

T2SH00D04TA 1)

T2SH00D10TA 1)

T2SH00D20TA 1)

T2SH16A10WA

T2SH16A20WA

T2SH16D02WA

T2SH16D10WA

T2SH16D20WA

T2UV00A10NTA

T2UV00A20NTA

T2UV00A40NTA

T2UV00D02NTA

T2UV00D10NTA

T2UV00D20NTA

T2AX00M3STA

T2AX00M3SWA

T2AL00M3STA

T2AL00M3SWA

T2AX00B1STA

T2AX00B2STA

T2AL00B1STA

T2AL00B2STA

T2AX00M3RTA

T2AL00M3RTA

Accessories to suit 160 – 250 AF TemBreak 2

Notes: 1) Wire lead types available.
2) Time delay types available. Refer NHP.

T2SH
Shunt trip

T2UV
Undervoltage trip

T2AX
T2AL
Auxiliary & Alarm switches

Cat. No.
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Grey/black

Red/yellow

MCCB identification labels

S/H/L160, E/S/H/L250

Grey IP 55 handle + 357 mm shaft

Red/ yellow IP 55 handle + 357 mm shaft

Large escutcheon plate option: 100 mm2

90 mm T pin shaft for T2HS - no flexi coupling 

Grey/ black IP 65 handle + 420 mm shaft

Red/ yellow IP 65 handle + 420 mm shaft

Grey IP 65 metal handle + 357 mm shaft

Padlock attachment for T2HP/HS mechanism

T2HS handle shaft cam for trapped key interlocks

MCCB identification labels

T2HB40UR5BN 1)

T2HB40UR5RN 1) 

T40CAPLAB

T2HS25R5GM

T2HS25R5RM

T2HSESC100

T2HS250SHAFT

T2HP25R6BN

T2HP25R6RN

T2HP25R6ME

T2HP25PALK

1499 7702

T25CAPLAB

HB

T2HP Variable depth
handle IP 65

Mechanism Padlock
attachment

Operating handles Direct
mounting, fixed depth, 
IP 54

T2HS variable depth
handle IP 55

Door

interlocking

Direct 

mounting,

fixed depth, 

IP 54

Door

interlocking

variable

depth

handle

HS

HP

Accessories to suit 160 – 250 AF TemBreak 2

Cat. No.

Notes: 1) Refer to accessories in section 7 for handle assembly, especially escutcheon label assembly.

Suits MCCB types

E400, S400, H400, L400, E630, S630
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Terasaki transfer switches may be supplied without TemLogic
control panels or controllers where customers prefer to design
their own automatic control.  This assembly is known as a basic
transfer switch (BTS).

Each basic transfer switch includes two motor operated circuit
breakers mechanically and electrically interlocked for safety.  One
additional auxiliary switch for customer use is supplied as
standard on each circuit breaker.  The assembly is mounted on a
white painted base plate.  

BTS options:
Extra auxiliary contacts.
Alarm switch.
Shunt trip.

Other options include:
Common loadside busbars.
Enclosure.

Voltage:
Standard voltage is 240 V AC.

Special voltages:
110 V, AC, 110 V DC, 24 V DC
available on request.

8 - 2

8

In today’s industrial and business environment it is essential to
be able to rely on a continuous power supply.

Modern buildings and industrial complexes have critical loads
such as essential lighting, computers and continuously operating
industrial equipment. Uninterrupted power supply is vital for
these functions.

Circuit condition sensing circuit
Reliability of your power supply can be achieved with a Terasaki
automatic transfer switch comprising a basic transfer switch for
the actual switching and a logic control panel, or controller unit,
to automatically sense when to switch.  If, for example, the mains
voltage drops or fails, the logic controller signals the emergency
source engine to start, then automatically transfers the load to
the emergency source by activating the motor driven circuit
breakers in the BTS (basic transfer switch).

Transfer switches – TemBreak 1
Power interruptions can affect productivity, cost dollars 
and at times, safety

Enclosed transfer switch
(800 A MCCBs)

Basic transfer switches
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8

TemBreak 2 MCCBs from 125 A frame to 400 A frame
are available with thermal magnetic protection.

All 3 and 4 pole models have adjustable thermal and
magnetic trip characteristics.

3 Pole MCCB with Adjustable thermal and adjustable magnetic characteristics.

Thermal-Magnetic protection

Operating characteristics – TemBreak 2

Thermal and magnetic adjustment dials.

Adjustable inverse time and 
instantaneous trip.

Transfer switches
Multiple functions - Protection, isolation and switching in
one compact device
Circuit breaker transfer switches provide integral circuit protection, automatic switching and circuit
isolation in one compact device.  Other features include:

n A choice of moulded case or air circuit breaker.

n Auxiliary and optional alarm contacts which indicate the status of each MCCB ‘on - off or tripped’, and
may be used to signal to a master controller or building management system.

n Indicator flags on the motor mechanism to show motor operation status.

n Dual mechanical and electrical interlocking is provided for safety.
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Electronic OCR adjustment setting
Configuring the STANDARD Overcurrent relay
The standard TemBreak 2 OCR can be configured
allowing the user to adjust the rated current (IRated)
of the MCCB and select a predetermined tripping
curve. This allows the user to tailor the MCCBs
tripping characteristics to suit the requirements of 
the electrical load.

Standard overcurrent relay
Features:

Transfer switches
Multiple functions - Protection, isolation and switching, 
in one compact device

Tembreak 2 moulded case circuit breakers are available with electronic overcurrent relays in 2 frame sizes:
250 A and 400/630 A. Current ratings range from 16 Amperes to 630 Amperes 1). The overcurrent relays are
easy to adjust – simply select the current rating via a dial adjustment and, depending on the application, a
dial selectable pre-set characteristic curve can also be selected.

n Electronic overcurrent protection, for general and selectivity applications
n 250 A and 400 A: Seven (7) characteristic curves, 630 A: Six (6) characteristic curves
n Trip unit ratings; 40 A, 125 A, 250 A, 400 A, 630 A
n Long time, Short time & Instantaneous trip times vary depending on the characteristic curve selected
n Base current Ir is adjustable from 40% - 100% of the nominal rated current In.

OCR Options:
n Ground fault trip on 400/630 A models
n Neutral pole protection for 4 pole MCCBs

n Pre-trip alarm
n Special curve characteristics are available 1)

Notes: 1) Availability of special curves pending plus, 16 A - 40 A electronic trip unit MCCBs.

Electronic overcurrent relay (OCR)
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Transfer switches
Multiple functions - Protection, isolation and switching, 
in one compact device

Precise protection co-ordination
MCCBs with microprocessor overcurrent relays, have the flexibility to provide multiple protective functions.
Their precise co-ordination enables the transfer switch to become an integral part of the overall grading
(selectivity) scheme.

Tembreak 1 electronic MCCB protection characteristics (630 A – 3200 A)

Early make/late break neutral
The neutral pole of TemBreak 1 and 2 MCCBs are of early make/late break design.
This eliminates the risk of abnormal line to neutral voltages which may damage sensitive electronic
equipment.
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Accessories for dual supply transfer switches
TemBreak

Changeover pair with motor operators, link interlock and
electrical interlock connection wire lead between motors.

Where more than one AC voltage source is available to a distribution system it is often necessary to prevent
multiple sources supplying the system at one time. Interlocking accessories are used together with two
MCCBs to prevent both being in the ON state simultaneously. This provides a secure mechanical means of
preventing the connection of two supply sources. 

An automatic changeover controller can monitor the status of two supplies and control the switching of two
MCCBs according to pre-programmed parameters. 

When an automatic changeover controller is interfaced to a pair of interlocked MCCBs fitted with remote
control accessories, a secure, fully automatic changeover system is achieved.

Link interlock T2 ML 
(125 - 630 A)
Link interlocks consist of a mechanism
mounted to each MCCB in an adjacently
mounted pair. The link between each
mechanism inhibits the closure of one
MCCB unless the other is in the OFF
position.

Link interlocks can be used on a mixture 
of 3 and 4 pole breakers of the same 
frame size.

The TemBreak 2 link interlock:

n Installation is simple.
Link interlocks are field-installable
and only require a screwdriver to fit.

n Link interlocks replace the accessory
cover on the front of the breaker

n Motor operators and operating handles 
are compatible with link interlocks

n The interlock is installed on the front 
of the MCCB and does not therefore
interfere with copperwork or cables

n Alternative to factory-built backplates 
with MCCBs and interlocks pre-fitted

n An automatic changeover pair 
consisting of an interlocked pair 
of  MCCBs with internal control 
accessories and motor operators 
can be assembled quickly and easily.

Link interlock

Interlocking MCCBs
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The TemBreak 2 wire interlock:

n Installation is simple. 
Wire interlocks are field-installable.

n Wire interlocks replace the accessory 
cover on the front of the breaker

n Motor operators and operating handles 
are compatible with wire interlocks

n Interlocking of MCCBs mounted in
different compartments is possible

n An automatic changeover pair 
consisting of an interlocked pair of 
MCCBs with internal control 
accessories and motor operators can 
be assembled quickly and easily.

Slide interlock T2 MS (125 - 630 A)
Slide interlocks are manually operated toggle
locking devices which can be installed between
two adjacent MCCBs.

Depending on the position of the slide, one or
other of the MCCBs on either side of a slide
interlock is inhibited from being in the ON
position.

Slide interlocks can be used between MCCBs of
the same number of poles and of the same frame
size.

Slide interlocks can be installed in the field 
and are padlockable in both positions.

Wire interlocks consist of two mechanisms connected by a cable. The mechanisms are mounted on two
MCCBs located at a distance from each other which is limited by the length and bend radius of the cable.
The mechanisms and cable inhibit the closure of one MCCB unless the other is in the OFF position. Each
mechanism is ordered separately. Cables of 1.0 m or 1.5 m in length are also ordered as separate items.

Wire interlocks can be used on a mixture of 3 and 4 pole MCCBs of different frame sizes. 
This allows potential cost savings by using lower rated MCCBs for the alternative power supply. 
MCCBs can be mounted in different switchboard compartment or on different planes.

Changeover pair with wire interlock 
and motor operators

View from above

Slide interlock installed between two MCCBs

Accessories for dual supply transfer switches
TemBreak 2 

Wire interlock T2 MW (125 - 630 A)

8 - 7

Electrical interlock
between motors

Mechanical cable
interlock between
circuit breakers
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Transfer switches
Manual Transfer Switch (630 A - 3200 A)

ONON

OFF
OFF

ONON

OFF
OFF

An MTS is a simple and economical means of transferring from normal to emergency supply.  A walking
beam mechanical interlock prevents both supplies being energised together.

Circuit protection and isolation are provided in a compact device.  The MTS
is mounted on a white painted steel base plate to facilitate easier
installation.

Optional features include: auxiliary contacts, trip alarm contact, and
twin handle operation available on request. Specify when ordering.

Mechanical interlocking (630 A - 3200 A)
The standard TemBreak 1 moulded case basic transfer switch is equipped with a rear
mounting, walking beam mechanical interlock, to prevent simultaneous closing of
both MCCBs.  

The walking beam once installed and adjusted, usually needs no
further adjustment though periodic inspection or operation is
recommended.  An electrical interlock is provided for additional
safety.

The electrical interlock prevents the mechanical interlock being
subjected to mechanical damage.

Slimline BTS
Slimline transfer switches featuring the cable/rod mechanical interlock system are more flexible than the
standard walking beam models and can save valuable switchboard width when in the vertical configuration.
The Slimline is available in two forms:

a) Fully assembled, wired and mounted, vertical or horizontal on a base plate 
(with rod type mechanical interlock).

b) Without baseplate and wiring.  An interlocking cable is supplied loose.

The arrangement described in (b) above finds its application in Form 2, 3 and 4 compartmented
switchboards.  This model is supplied partially assembled to enable the interlocking cable (wire) to be
passed from one compartment to another without disturbing segregation barriers.  

The MCCBs are supplied with motor, mechanical interlock fitting and auxiliary contacts fully assembled.
The switchboard manufacturer then has the option of mounting the MCCBs complete with accessories in
the position which best suits the switchboard construction.

Flexibility in MCCB selection
Different current (and frame size) rated MCCBs may be selected where the EMERGENCY supply feeds
essential circuits only.  By using a smaller frame MCCB on the emergency circuit, a more economical
arrangement can be achieved.

A wide diversity of Slimline transfer switches are available featuring models as diverse as 2500 A - 400 A.
Three pole/four pole models are also available.

Slimline –a mix of MCCB sizes, 
horizontal or vertical

Slimline transfer
switches. Available in
horizontal or vertical
configurations.

Rear interlock 
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TemBreak 1 and TemBreak 2 transfer switches

TemBreak 2 transfer switches are available from 20 A to 630 A, and consist of mechanically interlocked
circuit breakers, with or without a motor fitted. The transfer switches can be either “link” interlocked, or
cable interlocked. Link types are pictured below.

Transfer switches can be ordered as pre-assembled and wired units, or in component form for user
assembly. A common loadside busbar mounting tray is an option.

TemBreak 1 transfer switches are factory assembled and range from 630 A to 3200 A. The switches are
interlocked via rear mounted walking beam interlock, or are available with a rod or cable interlock in sizes
630 A to 3200 A. Common loadside busbars are an option (CLSBB).

TemBreak 1 & 2 Transfer switch controllers
Basic transfer switch fitted with motors, can be coupled with a TemLogic controller, that will automatically
changeover to a standby power supply in the event of power failure. The transfer switches are fitted with a
mechanical interlock to prevent both breakers from being switched to the ON position at the same time.

BTS

MTS

Basic types

Mechanical
link interlock

T2MM Electrical interlock
for motor operators

Cable interlock
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ATS

Controller options +

MTS = Manual transfer switch: no motors and no logic panel
BTS = Basic transfer switch: MCCBs have motors mounted on them, no logic panel
ATS = BTS and logic panel

OR

Relay/Timer
Controller 
(TLP2)

Electronic controller
with interface panel
(TL101CIP)

Transfer Switches
The standard arrangement of MCCBs: TemBreak 2
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Controller options

MTS = Manual transfer switch: no motors and no logic panel
BTS = Basic transfer switch: MCCBs have motors mounted on them, no logic panel
ATS = BTS and logic panel

OR

Relay/timer logic panel type controller
Cat. No. (TLP1)

Electronic controller
with interface panel
(TL101CIP)

An Interconnection wire loom is also
required to connect between the TL101
interface panel and terminals on the
transfer switch.
Cat. No. TLP2L1CABLE

ATS

Transfer Switches
The standard arrangement of MCCBs: TemBreak 1
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Automatic transfer switches
Quality assurance

Each Terasaki automatic transfer switch is made to an identical bill of materials.  A wiring schematic and
connection diagram is supplied with each BTS to simplify installation and wiring.  Quality Assurance is in
accordance with Australian and New Zealand Standards.

Product:    TemBreak MCCB based Automatic Transfer Switches

Terasaki confirms that the TemBreak MCCB based Automatic Transfer Switches have been designed and
comply with the criteria of the international standard IEC 6094.6.1, and the Australian New Zealand
standards AS/NZS 3947.6.1 and AS/NZS 3000 – 2007, for a utilisation class of AC31B for the following
MCCB types:

E125, S125, H125, L125, S160, H160, L160, E250, H250, L250,
E400, S400, H400, L400, E630, S630, XS630, XH630, XS800, XH800, XS1250, XS1600, XS2000, XS2500

Class CB means: ATSE (Automatic Transfer Switching Equipment) provided with over-current releases and the
main contacts of which are capable of making and are intended for breaking short-circuit currents.

For the Australian and New Zealand markets, additional reference infomation can also be found in AS/NZS
3947.6.1 Annex A.3 - 2001.

Standards conformity –

TemBreak 2, MCCB transfer switches can be ordered in a number of ways:

1. PRE-ASSEMBLED

Pre-assembled BTS transfer switches using a link interlock, up to 630 A.

2. COMPONENTS

Components for complete user assembly. This is applicable to TemBreak 2 transfer switches to
630 A, using either link or cable interlocks, in manual or basic transfer switch configuration.

3. MANUAL TRANSFER SWITCHES TO 630 A

TemBreak 2, manual transfer switches to 630 A are not 
assembled by NHP. The user orders the components.

4. 630 A  – 3200 A TRANSFER SWITCHES 

Larger TemBreak 1, 630 A – 3200 A transfer switches, both automatic and manual types are
pre-assembled to customer order by NHP.

5. CHANGE-OVER CONTROLLERS 

Transfer switch change-over controllers, either electronic or relay logic, are ordered separately
by the user for all above types, except where a completely enclosed transfer switch is being
assembled by NHP.

TRANSFERSWITCHOPTIONS
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BTSS1NJ6333 1)

BTSS1NJ100331)

BTSS1NJ12533 1)

BTSS1GJ6333

BTSS1GJ10033

BTSS1GJ12533

BTSS16NJ6333 1)

BTSS16NJ10033 1)

BTSS16NJ16033 1)

BTSS2NJ25033

BTSS16GJ16033

BTSS2GJ25033

BTSS2PE12533

BTSS2PE25033

BTSS4NJ25033

BTSS4NJ40033

BTSS4GJ25033

BTSS4GJ40033

BTSS4NE25033

BTSS4NE40033

BTSS4GE25033

BTSS4GE40033

BTSS6CE63033

BTSS6GE63033

S125NJ 40-63

S125NJ 63-100 36

S125NJ 80-125 260 305 180

S125GJ 40-63

S125GJ 63-100 65

S125GJ 80-125

S160NJ 40-63

S160NJ 63-100 36

S160NJ 100-160 279 340 180

S250NJ 160-250 36

S160GJ 100-160

S250GJ 160-250 65

S250PE 50-125 70 279 340 215

S250PE 100-250

S400NJ 160-250 50

S400NJ 250-400

S400GJ 160-250 70

S400GJ 250-400

S400NE 100-250 50 360 415 244

S400NE 160-400

S400GE 100-250 70

S400GE 160-400

S630CE 315-630 50

S630GE 315-630 70

BTS selection chart and catalogue numbers

MCCBs
used

Amp
range

400 V 
kA
Icu H W D

BTSS1GJ6344 1)

BTSS1GJ10044 1)

BTSS1GJ12544 1)

BTSS1GJ6344

BTSS1GJ10044

BTSS1GJ12544

BTSS16GJ6344 1)

BTSS16GJ10044 1)

BTSS16GJ16044 1)

BTSS2NJ25044

BTSS16GJ16044

BTSS2GJ25044

BTSS2PE12544

BTSS2PE25044

BTSS4NJ25044

BTSS4NJ40044

BTSS4GJ25044

BTSS4GJ40044

BTSS4NE25044

BTSS4NE40044

BTSS4GE25044

BTSS4GE40044

BTSS6CE63044

BTSS6GE63044

3 or 4 Pole outline
dimensions (mm) 3 pole

BTS Cat. No.
4 pole
BTS Cat. No.

Features / options:
n Motor driven MCCBs
n 3 or 4 pole types 
n Front mounting link interlock used 
n Pre-assembled and wired on a mounting plate 
n Automatic changeover controller option 
n A choice of Relay-Logic, or electronic controllers 
n Common load side busbar option 
n Conforms to AS/NZS 60947.6.1

Notes: 1) 4 Pole types are rated 65 kA.
• Transfer switches are stocked off the shelf in sizes 125 A to 630 A in some sizes, while others are made to

order. Contact NHP for availability.
• Refer following pages for information on TLP2 logic and TL101 electronic changeover controllers.
• Wire interlocks must be used for transfer switches combining MCCBs of different frame size (different

heights).

Transfer Switches
Basic Transfer Switches (BTS) – 3 or 4 pole
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1.0 WORKING PRINCIPAL

The Temlogic 2 TL101 automatic transfer switch controller will control & supervise the primary &
secondary power of an installation and initiate transferring of the mains to a back-up source in the

event of main source interruption. The utility changeover, from one power source to the other can be

fully automatic or manually operated. The logic controller includes all necessary features to monitor
energy distribution systems or generating sets, and relative transfer equipment, such as contactors,

motorised circuit breakers and changeover switches.

The automatic transfer takes place when predefined conditions entered by the user take place such
as,

The need for a reliable power source

Power supply voltage/frequency etc. not falling within programmed limits

The need to use the most economical power source

The unit is simply programmed from the front panel with visual led indication and can be remotely

monitored via a Modbus networkò The circuit breakers can be manually controlled using the function

keys on the front face of the controller. The list below details typical applications.

Utility-utility, utility to generator or generator to generator

changeover

Control of motorised circuit breakers, motorised switches
or contactors

Generator management with automatic test and rotation

emergency

Three phase, two phase or single-phase voltage controls
L-L voltage and/or L-N voltage control

Controls of minimum voltage, maximum voltage, phase

loss, asymmetry, minimum frequency, maximum
frequency, with independent enable and delay

2.0 TECHNICAL FEATURES

Flush mount 144*144 mm housing

Plug in removable connections

AC Rated auxiliary power supply: 220-230-240VAC

DC Rated auxiliary power supply: 12-24-48VDC

Phase to phase voltage measure inputs: 80-800VAC

Voltage transformer programming

TRMS voltage measure

Frequency measurement 45-65Hz

Control function: phase sequence, phase loss, max/min voltage,

asymmetry, max/min frequency

Two displays for voltage/frequency viewing

8 digital programming inputs

7 relay programmable outputs

RS232 interface
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3.0 UNIT OPERATING FEATURES

3.1 Operating Characteristics

Choice of single, two, three-phase lines with or without neutral
Supported applications include mains-mains, mains-genset and genset-genset
Controls include

- Phase loss
- Phase sequence
- Min/Max voltage
- Asymmetry
- Min/Max Frequency

Statistical data logging
- Number of automatic/manual transfers of line 1 & 2
- Number of incomplete transfers of line 1 & 2
- Time of line 1 & 2 voltage out of limits
- Time of line 1 & 2 voltage normal
- Time of utility power supply on line 1 & 2
- Time of no utility power supply

Event logging with time and date entry: source of automatic transfer control,
automatic/manual & incomplete transfer controls, operating mode change and setup data
variations
Data and event storage in non-volatile ferromagnetic memory
keypad setup
Modbus RTU and ASCII communication protocols

3.2 Programmable functions

Automatic test
Transfer strategy
Signal & genset starting supervision
Two generator rotation
Principle line selection
Secondary loads disconnection
Before & after transfer indication

3.3 Transfer equipment capability

Contactors
Motorised circuit breakers
Motorised changeover switches
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4.0 TECHNICAL CHARACTERISTICS

Auxiliary power supply
DC supply operating limits 9…70VDC (Us=12-24-48VDC)
AC supply operating limits 187…264VAC (Us=220-230-240VAC)

Frequency 45…65Hz
Power consumption max. 6VA (Us=240VAC)

Power dissipation max 2.8W (Us= 240VAC or Us=48VDC)
Current consumption max 420mA at 12VDC; 200mA at 24VDC

Micro-breaking immunity time 50ms
Voltage inputs

Rated voltage Ue 690VAC phase-phase (400VAC phase-neutral)
Measure limits 80…800VAC phase-phase

Frequency limits 45…65Hz
Type of measure TRMS (True Root Mean Square value)

Measure input impedance >1.1M phase-phase; >0.5M phase-neutral
Type of connection One, two or three phase

Measure error Class 0.5 ±0.25% f.s. ±1digit
Digital inputs

Number of inputs 8 (all programmable)
Type of input Negative
Input current 9mA

Input signal “0” state 1.5 (2.9V typical)
Input signal “1” state 5.3 (4.3V typical)

Input signal delay 50msec
Relay outputs

Number of outputs 7 (all programmable)
Number of control outputs for circuit breaker closing and pre-

charging
2 (1 N/O – 12A/230VAC) (relay contacts with 16A

capacity in AC1)
Number of control outputs for circuit breaker closing 2 relays (1 N/O – 8A/230VAC)

Number of control outputs for generating set 1 relay (1 N/O – 8A/230VAC)
Number of spare outputs 1 relay (1 C/O – 8A/230VAC)
Number of alarm outputs 1 relay (1C/O – 8A/230VAC)

Max current 1.2 and 2.2 terminals 12A

Communication interfaces
RS232 serial port Programmable baud-rate 1200…38400 bps Connection with RJ6/6 jack

RS485 serial port (NON STANDARD)
Opto-isolated, programmable baud-rate 1200…38400 bps

Plug-in / removable terminal connection
Real time clock (NON STANDARD)

Time of backup energy Capacitor (Super Cap)
Operating autonomy without power supply 7 days

Insulation
Rated insulation voltage Ui 690V

Ambient conditions
Operating temperature -20…+60°C
Storage temperature -30…+80°C

Relative humidity <90%
Pollution degree maximum 2

Connections
Type of terminal Plug-in / removable

Conductor section min / max 0.02…2.5 mm (24 – 12 AWG)
Tightening torque 0.5 Nm (4.5 lbin)

Housing
Material LEXAN 3412R thermoplastic
Version Flush mount

Dimensions l x h x d 144 x 144 x 94mm
Degree of protection IP41 on front, IP20 rear

Weight 950g

Table 1: Technical characteristics
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5.0 FRONT PANEL DESCRIPTION

The TL101 Temlogic 2 controller offers full transfer control, parameter alteration and measure variable

display via the panel function keys and LED displays.

Front panel summary:

� LED displays: Measure variables (voltages & frequency) can be viewed via the two LED displays.

The �Line 1� LED display would typically represent the �normal� or �main� power source and the �Line 

2�  LED display would typically represent the �emergency� or �back-up� power source. 

� Measure variable LEDs: These display LEDs indicate for each line whether the LED display is
showing a line-to-line (L-L), line-to-neutral (L-N) or frequency reading.

� Scroll Keys: The �Scroll keys� enable the user to switch between the available measure variables

(L-L, L-N, frequency) which are shown via the LED display.
� Mimic diagram: Is a visual representation of the transfer switch system.

� Line Status LEDs: Indicate whether a supply (normal or emergency) is ready for electrical

connection to a load.

� LINE 1 / LINE 2 ON/OFF Keys: Allows the manual control of the motorised circuit breaker.
� ON/WITHDRAWN/TRIP Status LEDs: Indicates the status of the circuit breaker.

� Alarm Status LED: Indicates an alarm event has occurred.

� Test Status LED: Indicates the status of the automatic test function.
� Operation mode keys: Four keys �OFF RESET�, �MANUAL�, �AUTO� and �TEST�  which allow 

selection of the desired operating mode.
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6.0 MEASURE VARIABLE SELECTION

The SCROLL keys are the only operators required to select a desired measure

variable. Each line has its own SCROLL key and when pressed repeatedly the line-to-
line (L-L) voltage, line-to-neutral (L-N) voltage or frequency information are shown

on the corresponding line LED display.

Each time a line SCROLL key is pressed the red measure variable LED

combinations for the corresponding line will indicate the measure variable selected.

Configuring the TL101 controller to either three-phase, two-phase or single-phase

control will vary the list of measures.

Example: Typical 3 phase, 4 line system.

After 1 minute without pressing a SCROLL key the measure will revert to the default measure.

During an alarm event the alarm code will occupy the display. Pressing the SCROLL key will mask the

alarm temporarily and allow the measures to be accessed.
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7.0 STATUS LEDs

There are six categories of status LED presented on the front panel which indicate the status of the unit

and/or the circuit breaker it controls. The categories are:

� Line Status LED

� ON Status LED

� WITHDRAWN Status LED

� TRIP Status LED
� Alarm Status LED

� Test Status LED

The table below details the meaning of the different status LEDs. Some LEDs can alternate between two

colours and have a different meaning depending on the colour.

LED ON OFF FLASH

LINE OK

Voltage and frequency

within set limits

Voltage or frequency off

limits

Presence delay time or

failure in progress

Operating circuit breaker
(green)

ON Closed circuit breaker
(green)

Open circuit breaker

Timeout (red)

WITHDRAWN Circuit breaker

withdrawn

Circuit breaker inserted

ok

Circuit breaker

withdrawn alarm

TRIP Trip signal without alarm No protection
intervention

Protection intervention
alarm

ALARM �� No active alarm One or more active 
alarms

TEST Automatic test enabled

(green)

Automatic test disabled

Automatic test in

progress (green)

Calendar watch not set

(red)

If auxiliary signals (feedback) have been suitably connected and programmed, the LEDs

represent the status of the circuit breakers; otherwise the LEDs represent the status of the control

outputs.

If the respective signals are suitably connected and programmed, the LEDs represent the status of the

circuit breakers, if not the status LEDs will remain off.
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8.0 OPERATING MODE SELECTION

The unit front panel is equipped with four Operation mode keys which allow selection of the desired
operating mode. The selectable operating modes are:

� OFF RESET
� MANUAL

� AUTO

� TEST

When an operation mode is selected the corresponding red LED illuminates. If the LED showing the

selected operating mode flashes, this indicates that the unit is communicating through the serial interface

which may result in commands being preformed via remote.

8.1 OFF-RESET MODE

� The unit is disabled in this mode and does not perform any functions. Status & measure
LED�s remain active. 

� If the changeover devices (ie motorized circuit breakers) are pulse-type controlled, in OFF-

RESET both controls remain disabled.  For continuous � type controlled changeover 
devices the behavior is determined by the P2.25 programming.

� To access the programming menus it is necessary to select the OFF-RESET mode before

commencing.
� By pressing the OFF-RESET key retentive alarms can be cleared, provided the conditions

generating the alarms have been addressed.

8.2 MANUAL MODE

� In MANUAL mode it is possible to control circuit breakers manually by pressing the relevant

line ON/OFF key (YELLOW COLOUR KEY�S) for a minimum time of 300ms. 

� At each key pressure the circuit breaker status is switched over. The command is accepted

only when 1sec has elapsed from the end of the previous switching.
� If a manual command is given to close a circuit breaker while its paired circuit breaker is still

closed, the TL101 unit will first open the currently closed circuit breaker and then close the

desired circuit breaker, while interposing the programmed interlock time.
� When operating with a generator set, the generator startup and shutdown can be manually

commanded on the secondary line by pressing and holding down the MANUAL key for 5

seconds.
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8.3 AUTO MODE

� In the AUTO mode the TL101 unit performs both circuit breaker opening and closing

operations, and manages the startup and shutdown of the generator set, if any.

� When the main line exceeds the limits, after the set delay times (line LED off), the unit
disconnects the load from the main line and connects it to the secondary line. Both the

startup of the generator set (if any), and the handling and interlock times between circuit

breakers are controlled via the TL101 unit.

� The TL101 unit may be programmed to disconnect the load from the main line before or
after the secondary line has been made available.

� When the main line returns within the limits, the Tl101 unit switches over the load again and

controls the generator set cooling cycle, if any.
� Automatic operating cycles vary both as a function of the type of application (utility-to- utility,

utility-to-generator or generator-to-generator) and as a function of the type of switching

devices used (³otoried circuit breakers, switches or contactors).

8.4 TEST MODE

� The TEST mode allows the TL101 unit to confirm the proper operation of the emergency

generator set while a normal operating main line power source is available.
� When TEST mode is selected the generator set on the secondary line is immediately

started.

� Both voltage controls are activated and, if an anomaly occurs on the main line during the
test, the load is switched over automatically.

� Under standard conditions when the main line is present, the load remains on the line and

the generator set works with no load (offload test).
� To test the emergency generator under load (on-load test), the operation mode key �TEST� 

and line 2  �ON/OFF�  MUST BE PRESSED TOGETHER FOR 5 SECONDS.

� Once the load has been shifted to the generator under TEST mode, in the event of a main

line failure or if an on-load test is being p»®formed, the TL101 unit will not automatically
revert back to the main line, unless the AUTO mode is selected.

� Delay and interlock times are the same as in the automatic mode.
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9.0 MAIN LINE FAILURE SIMULATION

For the purpose of system testing it is possible to simulate a 1 minute voltage failure on the main line.

The unit will respond in the same manner and timeframe set for standard automatic operation. The proper
operation of transfer cycles may thus be controlled. To perform a main line failure simulation:

� Set the TL101 unit for automatic operation by selecting the AUTO key.

� Press the AUTO key and the line 2 ON-OFF key together for 10

consecutive seconds.

� The letters F.SI (Failure Simulation) will appear on the display during the execution of the whole

cycle.

� To stop the test before completion, repeat the starting procedure or switch to the OFF � RESET

mode.

10.0 APPLICATION OPERATION

10.1 UTILITY-TO-GENERATOR APPLICATION

When configured for use in a utility-to-generator application (U-G, default setting) the load is usually

connected to the utility (Line 1). After a voltage or frequency anomaly the following occurs:

� A start signal is sent to generator (Line 2) after the delay set in P2.15,

� The generator is allowed to run �off-load� until the voltage levels are within programmed limits, at 

which time the load is connected to the generator line.

� The TL101 unit continually monitors the main utility line for standard values to return.
� When the main utility line stabilises the load is transferred back to the utility line and the generator

is kept in operation without load for a time set by P2.16 to allow it to cool.

� The TL101 unit then sends a start/stop command to the generator through a relay output. The
TL101 unit can receive digital signals from the generator indicating its status (generator ready, ok

to load taking, etc) through programmable inputs.

� An automatic test can be programmed, i.e. the generator can be started at set times to control its
operation even if the utility is generally within limits, by setting execution interval, starting time,

days of the week when the test shall be carried out, its duration, etc.. Refer to the relevant menu to

set the automatic test.

+
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10.2 UTILITY-TO- UTILITY APPLICATION

When configured for use in a utility-to-utility (U-U) application, the load is usually connected to the main

utility and the transfer to the secondary utility occurs if/when a main line anomaly occurs or a transfer

signal is remotely given.

10.3 GENERATOR -TO- GENERATOR APPLICATION

Generator � to � generator applications involve controlling two generators, each with a start-stop relay and 

possible feedback signals.

� In this application a rotation between generators can be programmed, i.e. the load can be shifted

from one to the other at regular intervals, with the purpose of dividing the generator work load

equally.
� It is possible to set the time of day when rotation shall occur, so that load supply cut-off occurs at a

specified time.

� If a problem occurs with either generator, the load is shifted to the stand-by unit in all cases.

10.4 EJP FUNCTION

For applications requiring the EJP function, it is possible to use two programmable inputs set to functions

S.GE (start generator) and E.tr (External transfer).

� Parameter P2.26 can also be used to define a generator start delay.

11.0 CONTROL OF CHANGEOVER DEVICES

The TL101 unit can control different types of devices such as motorised circuit breakers, motorised

changeovers or contactors for the purpose of line changeover. Depending on the type of changeover
devices used with the TL101 unit, appropriate wiring diagrams shall be used with related programming of

programmable inputs /outputs.

� Programmable outputs are set by default for motorised circuit breaker applications. For further

details please refer to the attached wiring diagrams at the end of this manual.

� The device status feedback inputs shall be normally wired, so as to ensure reliable system

operation. Nonetheless, it is however possible to avoid their wiring and set programmable inputs for
other functions. In this case the unit behaves as if the device carried out at once the command sent.

� If the device status inputs are not used, after power-on the TL101 unit will send an open command

in order to set the switching devices to a definite position.
� If the device status inputs are used, after power-on the TL101 unit will not send commands to the

switching device until the relative line status is not stable, that is when the presence / absence

delay have elapsed.
� Internal control relays are neither interlocked electrically nor mechanically.
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11.1 CONTROL OF MOTORISED CIRCUIT BREAKER

• For the control of motorised circuit breakers, 4 outputs are needed (open and close commands for line 1
and line 2) and two inputs for circuit breakers status feedback, plus any additional optional inputs for
alarm signaling (WITHDRAWN and TRIP).

• Open and close commands can be kept in continuous or pulse mode, i.e. kept until the circuit
breaker has reached the required position + safety time.

• The two command modes øþÝ±²þ ó ½±²¬·²«±« ±® þÐËÔþ ó °«´»÷ can be selected through the appropriate
°¿®¿³»¬»® Ðîòðé in the general data menu.

• TRIP inputs are ignored for a 15-second window every time an open command is sent to the circuit
breakers. This prevents a false alarm from being activated if ¿ circuit breakers temporarily send a
TRIP signal during the opening ±°»®¿¬·±² ·²·¬·¿¬»¼ ¾§ ¬¸» release coil.

• A 0.5-second interval is interposed between the opening and closing commands of the samecircuit
breaker.

• If feedback inputs are used, should the circuit breaker not close, a second attempt is conducted before
generating the alarm.

11.2 CONTROL OF MOTORISED CHANGEOVER SWITCHES

Applications utilising motorised switches are configured in a similar fashion to that of motorized circuit
breakers, with the following exceptions:

• Only three outputs (line1, line 2 and all open positions) and two inputs for circuit breaker status are
required

• CL.1, CL.2 and OP.A output functions and Fb.1 and Fb.2 input functions are required.
• It is possible to select the command mode (either pulse or continuous).

11.3 CONTROL OF CONTACTORS

• If a pair of contactors are used, two outputs (CL.1 and CL.2) and two status inputs are required.
• In this case, the command must be programmed in contactors control mode (P2.07 = Cnt).

I2
17

G
B

09
06

31
10

00
81

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 53 of 1072



Temlogic 2 TL101 Controller Manual

12

12.0 PROGRAMMING OF CONTROLS / PARAMETERS

12.1 VOLTAGE CONTROLS

A po

• At power up or resetting of the device, each line is considered ¬¿¾´» when ¬¸» voltage is within pickup
limits, unless the relative circuit breaker is already closed.

wer source is determined to be suitable or unsuitable for use by the TL101 unit based upon user
defined parameters. The menus used to establish a power sources suitability are:

• menu P1 (system ratings)
• menu P3 (line 1 voltage control)
• menu P4 (line 2 voltage control)

The systems ratings can be set through menu P1, including rated voltage and frequency, which are issued
as references to set percent thresholds.

A voltage ratio (TV ) can be set whenever a voltage lower than the actual system voltage is applied to the
TL101 unit voltage inputs. Also in this case, both the visualisation and the setting of thresholds will be
implemented in actual magnitudes referred to the system.

The controller can be programmed to perform voltage controls on three-phase with or without neutral, two-
phase or single-phase utilities (P1.03).

In the case of three-phase or two-phase utilities the L-L voltage, L-N voltage, or both (P1.04) can be
monitored. In every case, the rated voltage set within P1.01 has to be equal to the phase-to-phase voltage.

The following table lists the controls made on each line. The controls marked with OFF may be excluded.

Control Description OFF

All controls, except minimum voltage, may be excluded independently, by setting the relevant parameters
to OFF.
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Minimum

voltage

One or more phases are too low

Maximum
voltage

One or more phases are too high

Phase loss Threshold below which the unit intervention is quicker than with a normal

decrease

Asymmetry
(unbalance)

Phases within the maximum-minimum range but too different from each other

Minimum
frequency

Frequency is too low

Maximum

frequency

Frequency is too high

Phase
sequence

Reverse rotation
of phases
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Each listed anomaly has an independent delay time. For the TL101 unit to respond to an anomaly, the

event must continually persist uninterrupted more than the set delay time.

When all the line parameters are restored within the specified limits, before the line may be used, the line
presence delay time must elapse. The duration of this time is specified by two independent parameters:

1) the delay time when the alternate line becomes available, and

2) the delay time, which is normally of shorter duration, that exists in the situation where the alternate
line is not available.

Voltage minimums / maximums:

The limits of minimum and

maximum voltage are specified by
setting two thresholds, each one

defining the point beyond which

the voltage is considered no
longer acceptable (e.g. P3.01,

drop-out) and the other, nearer to

the rated voltage, defining the

point where it is again compatible
(e.g. P3.02, pick-up).

The distance between these two thresholds defines hysteresis. For example, it could be stated that below
80% of the rated voltage value, the voltage source can no longer be used. For the voltage source to be

deemed satisfactory, the voltage must rise above 85%, thus defining a 5% hysteresis (dead-band). The

same principle is applied to maximum voltage.

Frequency thresholds: Voltage source frequency thresholds allow for a fixed hysteresis which is equal to
1% of rated frequency.

Phase loss: For the phase loss, the pick-up threshold is the same as the minimum voltage pickup
threshold.
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12.2 PARAMETER MENUS

The TL101 unit has eight menus that can be accessed in order to change the operational and functional
parameters of the TL101. The menus are structured as shown below:

MENU Description

P1 System Ratings

P2 General Data

P3 Line 1 Voltage control

P4 Line 2 Voltage control

P5 Programmable Inputs

P6 Programmable Outputs

P7 Communication Ports

P8 Automatic Test

Each of the eight parameter menus contain a list of changeable parameters, functions and input / outputs.
These are summarised below:

MENU P1 - RATINGS

PARA. FUNCTION RANGE DEFAULT

P1.01 System rated voltage 100...690VAC 415VAC

P1.02 TV ratio 1.00 ... 9.99 1.00

P1.03 Wiring configuration 3.nE - 3 phase + Neutral
3Ph � 3 phase 
2Ph- 2 phase
1Ph � single phase 

3.nE

P1.04 Type of voltage control L-L - Line � to Line 
L-N � Line � to - Neutral  
LLn - Line � to Line + Line � to Neutral 

L-L

P1.05 Rated frequency 50H - 50Hz
60H - 60Hz

50Hz

P1.06 Rated battery voltage OFF

12 - 12VDC
24 - 24VDC
48 - 48VDC

OFF

P1.01 - Rated voltage used for threshold calculation; thresholds are expressed as Un percentage. Set the

line-to-neutral (L-N) or line-to-line (L-L) voltage depending on what was set on P1.04.
P1.03 - Defines the network wiring configuration used. The setting between 3- phase and 3-phase +

neutral influences the visualisation only.

P1.04 - Specifies if the voltage controls are applied to L-L voltages, to L-N voltages or to both voltages.
P1.05 - Rated frequency used as reference for frequency threshold calculation.

P1.06 - Used for alarms on battery voltage.
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MENU P2 – GENERAL DATA

PARA. FUNCTI ON RANGE DEFAULT
P2.01 Type of application U-G = Utility to

Generator
U-U = Utility to Utility
G-G = Generator to
Generator

U-G

P2.02 Phase sequence control OFF - Disabled
L1-L2-L3 - Direct
L3-L2-L1 - Inverse

L1-L2-L3

P2.03 Main line selection -1- Line 1
-2- Line 2

-1-

P2.04 Interlock time Line 1 -> Line 2 0.1 ... 90.0s 6.0s
P2.05 Interlock time Line 1 <- Line 2 0.1 ... 90.0s 6.0s
P2.06 Changeover strategy ObP - Open Before

Presence
OAP - Open After
Presence

ObP

P2.07 Circuit breakers control type Con - Continuous
PUL - Pulse
Cnt - Contactors

PUL

P2.08 Maximum time for circuit breaker operation (A03 - A04 Alarms delay) 1...900s 5s

P2.09 Open command duration 1.0...60.0s ïðò0s
P2.10 Close command duration 1.0...60.0s ïòð

P2.11 Maximum time for load not energized (A07 Alarm intervention delay) OFF / 1...3600s 60s

P2.12 Lock of automatic restore to main line OFF - Disabled
ON - Lock on

OFF

P2.13 Pre-transfer time OFF / 1...300s OFF
P2.14 Post-transfer time OFF / 1...300s OFF

P2.15 Generator start delay 0 .... 900s 3s

P2.16 Generator cooling time 1...3600s 180s

P2.17 Generator rotation interval OFF / 1h / 2h / 3h / 4h /
6h / 8h / 12h / 1d / 2d /
3d / 4d / 5d / 6d / 7d

OFF

P2.18 Generator rotation hour 0...23 12

P2.19 Generator rotation minutes 0...59 0

P2.20 Battery minimum voltage threshold OFF / 70...100% 75%

P2.21 Battery maximum voltage threshold OFF / 110...140% 130%

P2.22 Battery threshold delay 0...60s 10s

P2.23 Clock setting at startup OFF / On OFF

P2.24 Voltage control enable in MAN mode OFF / On OFF

P2.25 Continuous command in RESET/OFF mode OFF - Release command
output
Noc - No change on
command output

Noc

P2.26 EJP start delay OFF / 1..3600s OFF

P2.01 - Defines the type of application for the control of one or two generator sets, enabling the
management of the relevant input/output signals.
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P2.03 - Defines which is the main line, i.e. the line taking on the load when both sources are available.
P2.06 - OBP (Open Before Presence) means that, in automatic mode, the open command of a circuit
breaker is generated when the line concerned goes beyond limits, irrespective of the status of the
alternative line.
OAP (Open After Presence) means that, in automatic mode, the open command of a circuit breaker is sent
only after the alternative line is present within limits.
P2.07 - Defines whether open-close outputs must be continuously active (application with circuit breakers
without feedback) or in pulse mode, i.e. activated until the circuit breaker / switch has been positioned as
required. If in pulse mode, the command is extended for a specified time (see P2.09 and P2.10) even after
positioning completion.
If contactors are used, P2.07 must be set to "Cnt".
P2.08 - If, after sending an open or close command to a circuit breaker, this is not positioned correctly
within this time, alarms A03 or A04 are generated. It works when the auxiliary contacts of circuit breaker
status are programmed and wired.
P2.09 - minimum duration of an opening command pulse. For a motorised circuit breaker application, it
must be set to a time sufficient enough to allow the load of the springs. This time is considered also when
working in continuous mode.
P2.10 - Duration of the opening command pulse.
P2.11 - If in automatic mode both sources are not available at the same time for a time exceeding P2.11,
alarm A07 is generated.
P2.12 - If this parameter is enabled, after a transfer to the secondary line, restore to main line does not
occur automatically when
the latter becomes available again, but It must be commanded in manual mode.
P2.13 - Excitation time of the pre-transfer output before switching from one line to the other.
P2.14 - Excitation time of the post-transfer output after switching from one line to the other.
P2.15 - Time elapsing between the underused line loss and the sending of the transfer signal to the
generator on the alternative line. This time is independent of the circuit breaker opening time.
P2.16 - Time during which the generator is left in operation to cool after it has been disconnected from the
load.
P2.17 - P2.18 - P2.19 - These parameters allow to implement a time rotation in G-G applications, switching
the priority between the two generators. P2.17 defines the rotation interval between the two generators.
The time of day when rotation will occur is defined by P2.18 and P2.19. If the rotation interval exceeds 24h,
then rotation always occurs at the time stated every n days. If, on
the contrary, it is less than 24h, then it occurs at the time specified and also at
submultiples. For instance, if you set time at 12:30 and rotation every 6h, there will be a changeover at
12:30, one at 18:30, one at 0:30, etc.
P2.23 - If the real-time-clock is not set after power-on, it returns to the default value.
P2.24 - Enables or disables voltage control in MAN mode. If the control is enabled, no transfers are
performed between the two lines, but the individual switching device is opened/closed when its voltage
goes beyond / reverts to limits.
P2.25 - Defines the behavior of the open/close command outputs when working in continuous command
mode and the TL101 is in RESET/OFF mode. This parameter can be useful when working with contactors.
P2.26 - Delay between the EJP start signal and the effective start signal sent to the generator.
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MENU P3 � LINE 1 VOLTAGE CONTROL

PARA. FUNCTION RANGE DEFAULT

P3.01 Minimum voltage threshold - trip 70...98% 85%

P3.02 Minimum voltage threshold - restore 75...100% 90%

P3.03 Minimum voltage threshold - delay 0.1....900s 1.0s

P3.04 Maximum voltage threshold - trip 102...120% / OFF 115%

P3.05 Maximum voltage threshold - restore 100...115% 110%

P3.06 Maximum voltage threshold - delay 0.1....900s 1.0s

P3.07 Phase loss threshold 60...85% / OFF 70%

P3.08 Phase loss threshold delay 0.1...30.0s 0.1s

P3.09 Voltage unbalance threshold 1...20% / OFF 15%

P3.10 Voltage unbalance threshold delay 0.1...900s 5.0s

P3.11 Minimum frequency threshold OFF / 80...100% Fe 95%

P3.12 Minimum frequency threshold - delay 0.1...900s 5.0s

P3.13 Maximum frequency threshold 101...120% Fe / OFF 105%

P3.14 Maximum frequency threshold - delay 0.1...900s 3.0s

P3.15 Line 1 restore within limits - delay (when line 2 source not available) 1...3600s 10s

P3.16 Line 1 restore within limits - delay (when line 2 source is available) 1...3600s 60s

P3.01 - P3.02 - P3.03 - The first two parameters define the minimum voltage threshold and the related
hysteresis upon restore. P3.02 cannot be set to a lower value than P3.01. P3.03 defines the intervention

delay of this protection. See paragraph Voltage Controls.

P3.04 - P3.05 - P3.06 - The first two parameters define the maximum voltage threshold and the related

hysteresis upon restore. P3.05 cannot be set to a value exceeding P3.04. Setting P3.04 to OFF will 13
disable the maximum voltage control. P3.06 defines the maximum voltage intervention delay. See

paragraph Voltage Controls.

P3.07 - P3.08 - Voltage threshold below which a phase loss intervention occurs, generally quicker than the
drop. The delay for the phase loss is specified by P3.08.

P3.09 - P3.10 - P3.09 defines the maximum threshold for unbalance between phases, referred to voltage

rating, and P3.10 defines the related intervention delay. This control may be disabled by setting P3.09 to
OFF.

P3.11 - P3.12 - Threshold (it may be disabled) and intervention delay for minimum frequency.

P3.13 - P3.14 - Threshold (it may be disabled) and intervention delay for maximum frequency.

P3.15 - Delay for Line 1 restore to the limit range, used when the line 2 source is not available. Generally
shorter than P3.16, as there is the urgent need to supply power because the load is not energized.

P3.16 - Delay for Line 1 restore to the limit range, used when the load can be connected to line 2.

Generally longer than P3.15, as the load is energized and consequently it is possible to wait longer before
considering voltage steadily restored.
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MENU P4 � LINE 2 VOLTAGE CONTROL

PARA. FUNCTION RANGE DEFAULT

P4.01 Minimum voltage threshold - trip 70...98% 85%

P4.02 Minimum voltage threshold - restore 75...100% 90%

P4.03 Minimum voltage threshold - delay 0.1....900s 1.0s

P4.04 Maximum voltage threshold - trip 102...120% / OFF 115%

P4.05 Maximum voltage threshold - restore 100...115% 110%

P4.06 Maximum voltage threshold - delay 0.1....900s 1.0s

P4.07 Phase loss threshold 60...85% / OFF 70%

P4.08 Phase loss threshold delay 0.1...30.0s 0.1s

P4.09 Voltage unbalance threshold 1...20% / OFF 15%

P4.10 Voltage unbalance threshold delay 0.1...900s 5.0s

P4.11 Minimum frequency threshold OFF / 80...100% Fe 95%

P4.12 Minimum frequency threshold - delay 0.1...900s 5.0s

P4.13 Maximum frequency threshold 101...120% Fe / OFF 105%

P4.14 Maximum frequency threshold - delay 0.1...900s 3.0s

P4.15 Line 2 restore within limits - delay (when line 1 source not available) 1...3600s 10s

P4.16 Line 2 restore within limits - delay (when line 1 source is available) 1...3600s 60s

Note - For details on the functions of parameters see the previous details concerning Line 1 menu.
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MENU P5 � PROGRAMMABLE INPUTS

PARA. FUNCTION RANGE DEFAULT

P5.01 Prg Input Function 1 term. 4.1 Breaker 1 closed feedback

P5.02 Prg Input Function 1 term. 4.2 Breaker 2 closed feedback

P5.03 Prg Input Function 1 term. 4.3 Breaker 1 tripped

P5.04 Prg Input Function 1 term. 4.4 Breaker 2 tripped

P5.05 Prg Input Function 1 term. 4.5 Force transfer

P5.06 Prg Input Function 1 term. 4.6 Inhibit re-transfer

P5.07 Prg Input Function 1 term. 4.7 OFF

P5.08 Prg Input Function 1 term. 4.8

SEE P5 CODE

TABLE BELOW

OFF

P5 CODE TABLE

CODE FUNCTION
OFF Input not used

Fb.1 Line 1 circuit breaker closed (Feedback 1)
Auxiliary contact informing the TL101 of the open/closed status of line 1 circuit breaker. If this signal is not
°®±¹®¿³³»¼, the TL101 considers the status of the circuit breaker corresponding to the status of control outputs.

Fb.2 Line 2 circuit breaker closed (Feedback 2)
Like Fb.1, referred to line 2.

tr.1 Line 1 circuit breaker protection (Trip 1)
When the contact is opened, it generates an alarm of line 1 circuit breaker protection intervention.

tr.2 Line 2 circuit breaker protection (Trip 2)
Like tr.1, referred to line 2.

dr.1 Line 1 circuit breaker withdrawn (Withdrawn 1)
When the contact is open, it generates an alarm of line 1 circuit breaker withdrawn.

dr.2 Line 2 circuit breaker withdrawn (Withdrawn 2)
Like dr.1, referred to line 2.

E.tr Transfer to secondary line
When closed, it causes the changeover to the secondary line even if main line voltage is within limits.
The secondary line circuit breaker remains activated until this line remains within limits. Can be used for the EJP
function.

In.r Inhibit Return to main line

In AUTO mode, when closed, it inhibits the return to main line after it has reverted to the limit range. It is used to
prevent the second power cutout due to re-transfer from occurring automatically at an unforeseeable time.

S.GE Start Generator
In AUTO mode, when closed, it causes the generator to start after the delay specified by P2.26. It can be used for
the EJP function.

EME Emergency
NC contact which, if open, causes both circuit breakers to open and generates alarm A09.

Gr.1 Line 1 generator ready (Generator ready 1)
When closed it signals that the generator connected to line 1 is available for use. If this signal is missing, alarm
A08 is generated.

Gr.2 Line 2 generator ready (Generator ready 2)
Like Gr.1.

E.L1 Enable load on line 1 (Enable Load 1)

It allows load connection on line 1, in addition to internal controls.

E.L2 Enable load on line 2 (EnableLoad 2)
Like EL.1, referred to line 2.

E.C1 External control of line 1 (External control 1)
Signal showing that line 1 is within limits. It replaces internal controls.

E.C2 External control of line 2 (External control 2)

Like EC.1, referred to line 2.

Loc Keypad lock (Lock)
If closed, it locks all the functions from front keypad except measure viewing.

L.PA Lock Parameters
If closed, it locks the access to setup menus.

L.rc Lock remote control

If closed, locks write access through serial interface ports.
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MENU P6 � PROGRAMMABLE OUTPUTS

PARA. FUNCTION RANGE DEFAULT

P6.01 Prg Out Function 1 term. 1.1 Open line 1

P6.02 Prg Out Function 2 term. 1.3 Close line 1

P6.03 Prg Out Function 3 term. 2.1 Open line 2

P6.04 Prg Out Function 4 term. 2.3 Close line 2

P6.05 Prg Out Function 5 term. 3.1 Transfer switch ready

P6.06 Prg Out Function 6 term. 3.3-3.4 Generator 2 control

P6.07 Prg Out Function 7 term. 3.6-3.7

SEE P6 CODE
TABLE BELOW

Global alarm

P6 CODE TABLE

CODE FUNCTION
OFF Output not used

OP.1 Line 1 circuit breaker open control (Open 1)
A contact which closes to command the opening of the line 1 circuit breaker. It may remain energized or be released
when the operation is completed, depending on P2.07 setting. (not used when contactors or switches are used).

CL.1 Line 1 circuit breaker close control (Close 1)
A contact which closes to command the closing of the line 1 circuit breaker. It may remain energized or be released
when the operation is completed, depending on P2.07 setting.

OP.2 Line 2 circuit breaker open control (Open 2)
Like OP.1, referred to line 2.

CL.2 Line 2 circuit breaker close control (Close 2)
Like CL.1, referred to line 2.

OP.A Open control for both lines (Open All)
Used to set motorised switches to the neutral position, with both lines open.

GC.1 Generator Control 1
Start / stop control for the generator connected to line 1. When closed it commands the shutdown of the generator
set. Used in Gen-Gen applications only.

GC.2 Generator Control 2

Start / stop control for the generator connected to line 2. When closed it commands the shutdown of the generator
set. Used in Util-Gen and Gen-Gen applications.

Rdy TL101 Ready
It signals that the TL101 is ·n automatic mode and without alarms, ready for intervention.

ALA Global Alarm
Energized output under standard conditions, de-energized in the presence of any alarm.

L.SH Load Shed

Disconnection of non-priority loads which are not energized by the secondary line. It is controlled also in MANUAL
mode. The contact is closed before the secondary line close command and is opened before main line close
command.

PrE Pre-Transfer
The output is energied before transferring the load from one line to the other, for the time set through P2.1í.

PoS Post-Transfer

The output is energied after transferring the load from one line to the other, for the time set through P2.1ì.

L1.S Line 1 Status
The output is energied when there are all the conditions to connect load to line 1.

L2.S Line 2 Status
The output is energied when there are all the conditions to connect load to line 2.
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MENU P7 � SERIAL COMMUNICATION

PARA. FUNCTION RANGE DEFAULT

P7.01 RS-232 Address 1 ..245 1

P7.02 RS-232 Baud Rate 2400, 4800, 9600, 19200, 38400 9600 baud

P7.03 RS-232 Protocol Rtu - rtu

ASC - ASCII
Mod - ASCII + modem

Modbus RTU

P7.04 RS-232 Parity Non - None
Odd
EvE � Even 

None

P7.05 RS-485 Address 1 ..245 1

P7.06 RS-485 Baud Rate 2400, 4800, 9600, 19200, 38400 9600 baud

P7.07 RS-485 Protocol Rtu - rtu
ASC - ASCII
Mod - ASCII + modem

Modbus RTU

P7.08 RS-485 Parity Non - None
Odd
EvE - Even

None

P7.01...P7.04 - They define the transmission format and the protocol used on the RS-232 communication

port.

P7.05...P7.08 - They define the transmission format and the protocol used on the NON STANDARD RS-

485 communication port.

MENU P8 � AUTOMATIC TEST

PARA. FUNCTION RANGE DEFAULT

P8.01 Automatic Test Enable OFF / On OFF

P8.02 Automatic Test Performance Interval 1 .. 60 days 7

P8.03 Enable test on Monday OFF / Mon ON

P8.04 Enable test on Tuesday OFF / Tue ON

P8.05 Enable test on Wednesday OFF / Wed ON

P8.06 Enable test on Thursday OFF / thu ON

P8.07 Enable test on Friday OFF / Fri ON

P8.08 Enable test on Saturday OFF / Sat ON

P8.09 Enable test on Sunday OFF / Sun ON

P8.10 Automatic Test Start - Hour 0...23 12

P8.11 Automatic Test Start - Minutes 0...59 0

P8.12 Automatic Test Duration 1...600 min 10 MIN

P8.13 Load Changeover OFF / On OFF

P8.01 - In applications with generator sets, it enables or disables the performance of the periodic automatic

test. This parameter can be modified directly from the front panel without accessing setup (see chapter

Automatic Test) and its status is displayed by the relevant TEST LED on the front panel (see Status LEDs).

P8.02 - It defines the minimum time interval between the performance of an automatic test and the
following one, as a function of

the programming of the following parameters P8.03...P8.09. If on the day of expiry of the period the test is

not enabled, the interval will be consequently extended.
P8.03...P8.09 - It enables performance of the automatic test on the individual days of the week. OFF

means that on that day the test shall not be performed. The day is observed when the calendar clock is

properly set.
P8.10 - P8.11 - It defines the starting time of the automatic test on a day. The calendar clock must be

properly set.

P8.12 - It defines the duration of the automatic test in minutes.

P8.13 - It defines whether the automatic test is carried out only by starting the generator or whether load
must also be transferred to the same generator (On).
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12.3 PARAMETER SETUP

To access the TL101 unit parameters follow the procedure below:

� Set the TL101 unit to the OFF � RESET mode by selecting the OFF � RESET 

key.

� Press the �OFF � RESET� key and the line 1 SCROLL key together

for 5 consecutive seconds.

� The line 1 display will show the code of the first parameter. The first digit of the code is the menu

number which blinks alternating with a P, while the two following digits indicate the number of the

parameter within the menu. The first parameter is P1.01, i.e. menu P1, parameter 01.

LINE 1

� Press the line 1 SCROLL to advance forward through the parameters

of the same menu and the line 1 ON/OFF key to move backward.

� Press the TEST key to advance forward through different

menus and the AUTO key to move backward.

The digit identifying the parameter is shown on the LINE 1 display, while the current setting is indicated on
the LINE 2 display as shown below.
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LINE 2

Press the line 2 SCROLL and the line 2 ON/OFF to make changes to the

setting of the selected parameter.

� By moving to another parameter or quitting, the setting of the selected parameter will be stored

automatically.

� Press the OFF � RESET key to quit the parameters setup.

� If no keys are pressed for more than 2 minutes, the TL101 unit exits the setup menu automatically

without storing the changes.

12.4 REAL-TIME CLOCK SETUP

The procedure to set the TL101�s real time clock is shown below: 

� Set the TL101 unit to the �OFF � RESET� mode by selecting the �OFF � RESET� 
key.

� Press the line 1 �SCROLL� key and the line 1 ON/OFF key together for

5 consecutive seconds.

� Use the line 1 �SCROLL� key and the line 1 ON/OFF key to scroll the clock parameters.

� Use the line 2 �SCROLL� key and the line 2 ON/OFF key to modify the setting of a selected

parameter.

� Press the OFF � RESET key to quit the parameters setup.

After de-energizing and energizing the unit the calendar clock is re-set. This situation is signaled by the

flashing wording SET RTC and by the flashing TEST LED.

MENU REAL � TIME CLOCK SETUP 
PARA. FUNCTION RANGE DEFAULT

Hou Hours 0...23 12

Min Minutes 0...59 00

Sec Seconds 0...59 00

dAt Day 0...31 1

Mon Month 0...12 1

YEA Year 00...99 06
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13.0 OUTPUT DATA / TESTS / REMOTE CONTROL

13.1 DISPLAY OF STATISTICAL DATA

The TL101 unit records a series of statistical data (operating times, operation counters, etc.) which are

stored in a retentive memory even when the unit is de-energised.

To access the statistical data follow the procedure below:

� Press the line 1  �SCROLL� key and the line 2 �SCROLL� key

together for 5 consecutive seconds starting from any operation mode.

� Each datum is shown by an acronym occupying both displays.

� To view the value of the corresponding datum the line 2 �SCROLL� key. Both displays will show the
numeric value of the 6-digit datum. After 3 seconds the acronym will be displayed again.

� For times shorter than 10000 hours, hours and minutes are displayed in the hhhh.mm format. Only

hours are displayed beyond this value.

� The different data variables available may be selected using the line 1
�SCROLL� and the line 1  �ON/OFF� key.

� Press the OFF � RESET key to exit the function. operating mode will not be
changed.

� The operating times are identified by a cipher starting with letter t, while counters with C.

� A set of data may be cleared by pressing the line 1  �ON/OFF� key for 5 seconds (CLEAR is
displayed).

� All times or all counters will be cleared, depending on the position from where the clear operation is

performed.
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The following table lists the statistical data available.

STATISTICAL DATA TABLE

DATUM

ACRONYM

DESCRIPTION

t.L1 Loa Total time for load connected to line 1 (line 1 circuit breaker closed)

t.L2 Loa Total time for load connected to line 2 (line 2 circuit breaker closed)

t.no Loa Total time for load disconnected from both lines (both circuit breakers open)

t.L1 PrE Total time for line 1 present (within limits)

t.L2 PrE Total time for line 2 present (within limits)

t.L1 AbS Total time for line 1 absent (off limits)

t.L2 AbS Total time for line 2 absent (off limits)

t.totAL Total time for TL101 operation

C.L1 Aut Count of number of operations (closing) -line 1 circuit breaker in automatic mode

C.L2 Aut Count of number of operations (closing) -line 2 circuit breaker in automatic mode

C.L1 Man Count of number of operations (closing) -line 1 circuit breaker in manual mode

C.L2 Man Count of number of operations (closing) -line 2 circuit breaker in manual mode

C.L1 Fau Count of number of failed operations - line 1 circuit breaker (alarm A03)

C.L2 FAu Count of number of failed operations - line 2 circuit breaker (alarm A04)

C.On OFF Count of total number of Tl101 energizing -de-energizing cycles

13.2 ALARMS

When an alarm event occurs, the TL101 either shows a code on the displays or lights up a dedicated LED.

� For non-retentive alarms, the indication disappears automatically when the alarm conditions stop,

while for retentive alarms a manual reset is needed from the unit front panel: this is done by
pressing the OFF / RESET key (and then shifting to OFF mode).

� The presence of any alarm is signaled by the relevant flashing ALARM LED illuminating.

� In the presence of an alarm, both the global alarm output (ALA) and the TL101 ready output (rdy)

are de-energized.
� An alarm can be disabled by programming to OFF the parameter defining its threshold or the

programmable input generating it.

� The following table lists the possible alarms and their meanings. The RET column specifies if the
alarm is retentive, while the MODE column indicates the operating modes (OFF - MANUAL - AUTO

- TEST) where the alarm is enabled.

ALARM CODE TABLE

CODE DESCRIPTION RET MODE

A01 Battery voltage too low O M A T

A02 Battery voltage too high O M A T

A03 Line 1 circuit breaker timeout A T

A04 Line 2 circuit breaker timeout A T

A05 Line 1 wrong phase sequence O M A T

A06 Line 2 wrong phase sequence O M A T

A07 Load not powered timeout A T

A08 Generator not available O M A T

A09 Emergency O M A T

LED Withdrawn Line 1 / 2 circuit breaker withdrawn A T

LED Trip Line 1/ 2 circuit breaker protection intervention A T
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A01 - A02 - Battery voltage beyond threshold for a time exceeding the time set.
A03 - A04 - The changeover device did not perform the opening or closing operation within the maximum
time set. After alarm tripping, the opening or closing command is inhibited. If motorised circuit breakers are
used, alarms are tripped only if at least one of the two power sources is present, i.e. if it is higher than the
minimum thresholds programmed.
A05 - A06 - The phase sequence recorded does not correspond to the one programmed.
A07 - The load remained de-energized for a time exceeding the one programmed by P2.11, either because
supply lines were not available or because both circuit breakers remained open.
A08 - Can be generated by the opening of the external ‘generator not ready’ input or when, after having
started the generator, the voltage does not become acceptable within the time specified by P2.11. If the
alarm is generated by the external input then it is not retentive. Otherwise it is retentive and thus must be
re-set using RESET/OFF key. In applications with two generators, A08 is shown on the Line 1 or Line 2
display depending on which generator generated the alarm.
A09 - Alarm generated by the opening of the external emergency input. Both circuit breakers are opened.
LED WITHDRAWN - Generated by the opening of programmable input Withdrawn. The open and close
commands of the circuit breaker concerned are inhibited.
LED TRIP - Generated by the closing of programmable input Trip. The open and close commands of the
circuit breaker concerned are inhibited.

13.3 AUTOMATIC TEST

The Automatic test consists of a generator starting cycle that is executed periodically to check the
efficiency of the generator itself, when TL101 is in AUTO mode.

• The frequency and the duration of the automatic test can be defined by the user. See setup menu
P8 for a more detailed description of all parameters involved in automatic test programming.

• The dedicated LED TEST indicates that the automatic test is enabled. It can be activated or
disabled by parameter P8.01 or directly from the front panel (without entering setup programming)
by pushing line 2 SCROLL key and then operation mode TEST key . This operation does not
change the TL101 operating mode.

13.4 DIAGNOSTIC MESSAGE

The TL101 display can show messages to signal the implementation of a function or a particular situation.

• By pressing one of the keys for measure selection, the diagnostic display is temporarily stopped to
allow to view the measure.

CODE DESCRIPTION
StA Generator set startup

Coo Generator set cooling cycle

FSi Line failure simulation

—- Interlock time in progress

toL Test with load in progress

Set rtc Calendar clock setup needed
(see P2.23)

Loc Locked keypad

Unl Unlocked keypad
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13.5 KEYPAD LOCK

The TL101 keypad can be locked either by means of a programmable input or with a particular procedure

from front keys.

� Once the keypad is locked, it will only be possible to view measures, but not to change operating

mode or to operate manually on circuit breakers. Only the keys for measure selection will remain

enabled.
� Any attempt to use the locked keys will cause the word Loc to be displayed.

� To lock or unlock the keypad, press the line 1 SCROLL key and, while holding it down, press the

line 2 SCROLL key three times without releasing it at the end.
� Release then the line 1 SCROLL key and then press it 5 times, then release both keys.

� When the keypad is locked, the display shows the word Loc. Conversely it has been unlocked, the

word UnL would appear.

13.6 REMOTE CONTROL

It is possible to connect TL101 to a PC through its serial interface and to monitor the operation of the

device using a generic SCADA software that supports Modbus protocol.

� TL101 can be connected directly in peer-to-peer configuration using the RS232 serial interface port
and cable. NOTE RS485 is a non standard interface.

Fig.1: Controller rear terminal connections
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14.0 MECHANICAL DIMENSIONS & CUT-OUTS

Fig.2: Controller dimensions & panel cut-out

15.0 WIRING DIAGRAMS

Fig.3: Motorised circuit breaker control
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Fig.4: Motorised changeover switch control

Fig.5: Contactor control
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Fig.6: RS485 Interface wiring
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1 - 6

Miniature circuit breakers

The range of miniature circuit breakers stocked by NHP 
fall into two categories.

Safe-T range which is the NEMA style zero point extinguishing
circuit breaker. This range covers 6 to 100 A in 1, 2, 3 and 4 pole
configurations with a short circuit rating of 6 kA.  Being a zero
point extinguishing circuit breaker minimal current limiting is
experienced during a short circuit.  This situation in the past has
been acceptable and was compensated for by designing a system
to cope with the high currents.

However as systems became more detailed and sophisticated
there was a need to find an alternative which would have
features allowing greater control than using fuses or zero point
extinguishing circuit breakers. This alternative was the Din-T
range of miniature circuit breakers.

Din-T miniature circuit breakers are a current limiting type device
with a wide range of short circuit capacities, current ratings and
curve types to choose from. Din-T circuit breakers are available
in 6, 10 and 15 kA from 0.5 to 125 A in 1, 2, 3, and 4 pole
configurations.

As a brief comparison of the current limiting abilities of the
Safe-T and Din-T circuit breakers, consider the graphs below.

Prior to miniature circuit breakers the most common device for
overcurrent and short circuit protection was a fuse.

Fuses however have major disadvantages such as:

n After overcurrent or short circuit the fuse had to be replaced.
In the case of a circuit breaker a reset only 
is required.

n Fuses could be replaced with different current ratings quite
easily to overcome apparent problems.

n During overloads in three phase systems “single phasing” can
occur when just one fuse blows.  Especially for motor loads,
this is a great disadvantage.

n Fuses deteriorate with age.
n Fuses have higher wattage losses.
The introduction of circuit breakers brought advantages such as:

n Less downtime – quick reset.
n High circuit integrity due to different curve types and

difficulty in interchanging different MCBs versus fuse
cartridges.

n Increased personal safety through lower risk of contact with
live parts.

n Simultaneous trip of all phases in a three phase system.
n No deterioration with age.
n Lower watts loss than a fuse.

These graphs indicate the three stages of arc formation, 
arc extinction and I2t let through values.

1. Instantaneous trip time (yellow stage) indicates fault
current levels just prior to magnetic trip mechanism
response. (7-10 In).

2. Magnetic response time (red stage) from time of
magnetic trip operation to time of arc being formed. 
Din-T style 1 millisecond, Safe-T style 3 milliseconds.

3. Arc extinction time (orange stage) from arc formation to
complete arc extinction. Din-T style 2 milliseconds, Safe-T
style 10 milliseconds.

Because total operating time of Din-T is much faster than Safe-T
style MCB, the level of let-through energy in MCB is dramatically
reduced.  This is demonstrated by the difference in the I2t areas
detailed above.
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I
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Miniature circuit breakers (cont.)
1

The NHP range of miniature circuit breakers features a complete
range of quality products for the protection of an electrical
installation against overcurrent, short circuit and
earth leakage.

The choice of miniature circuit breakers is influenced by:
(i) the magnitude of the prospective short circuit current

determined by

- the size of conductors,

- the capacity of the supply transformer,

- the distance between the transformer and the short 
circuit point.

(ii) The required selectivity or association of the upstream
circuit breaker or fuses and the downstream devices.

(iii) The earthing system and the maximum cable length.

(iv) The maximum nominal current required by the circuit.

(v) The expected initial current determined by the type of
load.

(vi) The application area and the specified standard.

Din-T miniature circuit breakers can offer 
an application solution in every area.
Supporting the Din-T series of circuit breakers are an 
assortment of accessories which complete the range, 
they include:

n Auxiliary and alarm switches
n Earth leakage modules type Din-Safe-M
n Earth leakage circuit breakers type Din-Safe-MCB
n Earth leakage safety switches type Din-Safe
n Earth leakage relays RD series
n Surge diverters
n Time switches
n DIN rail mountable meters
n Main switches
n Changeover switches
n Impulse relays
n Hour run meters
n DIN rail mount contactors
n Pilot lights
n Pushbuttons
n Busbar combinations and lugs
n Insulated and metal enclosures
n Shunt trips
n Undervoltage trips
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1
Miniature circuit breakers 
Din-T6 series 6 kA MCB 

Technical data
Tripping characteristics
Dimensions

Section 3
3 - 6, 8
3 - 24

1 - 28, 1 - 29
1 - 32 to 1 - 35
1 - 36 to 1 - 38
1 - 39, 1 - 40
1 - 45
1 - 44, 1 - 45
Section 2
2 - 52

Technical data 

Accessories Page

Page

DC use

1 pole 1 module

2

4

6

10

13

16

20

25

32

40

50

63

In (A)

DTCB6102C

DTCB6104C

DTCB6106C

DTCB6110C

DTCB6113C

DTCB6116C

DTCB6120C

DTCB6125C

DTCB6132C

DTCB6140C

DTCB6150C

DTCB6163C

C – Curve
5-10 In
Cat. No.

DTCB6102D

DTCB6104D

DTCB6106D

DTCB6110D

DTCB6113D

DTCB6116D

DTCB6120D

DTCB6125D

DTCB6132D

DTCB6140D

DTCB6150D

DTCB6163D

Add on RCD
Auxiliary/alarm
Shunt trip
UVT
Padlockable bracket
Link bars & terminals
Enclosures
Busbar chassis

n Standards AS/NZS 60898
n Approval No. N17481
n Current range 2-63 Amps 1, 2 and 3 pole
n Sealable and lockable handle
n Available in curve type C and D
n Mounts on NC or CD chassis
n Padlockable in off position

2 pole 2 modules

2

4

6

10

13

16

20

25

32

40

50

63

DTCB6202C

DTCB6204C

DTCB6206C

DTCB6210C

DTCB6213C

DTCB6216C

DTCB6220C

DTCB6225C

DTCB6232C

DTCB6240C

DTCB6250C

DTCB6263C

DTCB6202D

DTCB6204D

DTCB6206D

DTCB6210D 

DTCB6213D

DTCB6216D 

DTCB6220D 

DTCB6225D 

DTCB6232D

DTCB6240D

DTCB6250D

DTCB6263D

3 pole 3 modules

2

4

6

10

13

16

20

25

32

40

50

63

DTCB6302C

DTCB6304C

DTCB6306C

DTCB6310C

DTCB6313C

DTCB6316C

DTCB6320C

DTCB6325C

DTCB6332C

DTCB6340C

DTCB6350C

DTCB6363C

DTCB6302D

DTCB6304D

DTCB6306D

DTCB6310D

DTCB6313D

DTCB6316D

DTCB6320D

DTCB6325D

DTCB6332D

DTCB6340D

DTCB6350D

DTCB6363D

Short circuit capacity 6 kA
In (A) 2 - 63

1 P
2 P
3 P

240 V AC
240 - 415 V AC
240 - 415 V AC

1 P

Short circuit
Max.voltage (DC)

20 kA
48 V 

2 P 1)

25 kA
110 V

Notes: 1) 2 pole MCB connected in series.
The line side is the “OFF” (bottom) side of the
MCB, and connects to NC or CD chassis tee-offs.

Available on indent only.

Use at DC
When using Din-T6 in a DC application the magnetic
tripping current is approximately 40 % higher than in 
AC 50/60 Hz.

Shock resistance (In X, Y, Z directions).
20 g with shock duration 10 ms (minimum 18 shocks).
40 g with shock duration 5 ms (minimum 18 shocks).

Vibration resistance (In X, Y, Z directions).
3 g in frequency range 10 to 55 Hz 
(operating time at least 30 min).
According to IEC 60068-2-6.

Storage temperature
From -55 °C to +55 °C, according to IEC 88 part 2 - 1
(duration 96 hours).

Operating temperature
From -25 °C to +55 °C, according to 
VDE 0664 parts 1 and 2.

Use at 400 Hz
At 400 Hz the magnetic trip current is approximately
50 % higher than in AC 50/60 Hz.

i

i

i i

i i

DTCB6 
1 pole

D – Curve
10-20 In
Cat. No.

2

4

6

10

13

16

20

25

32

40

50

63

In (A)

2

4

6

10

13

16

20

25

32

40

50

63

2

4

6

10

13

16

20

25

32

40

50

63
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Din-T MCBs + RCDs Technical data
Miniature circuit breakers - Din-T 6, 10, 15 / Easy-fit

Innovators in Protection Technology

3
Dimensions in mm.

Miniature circuit breakers - Din-T 10H

Miniature circuit breakers - Din-T DC
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1
Miniature circuit breakers
Din-T15 series 15 kA, 20 kA, 25 kA MCBs

Shock resistance (in x, y, z direction)
20 g with shock duration of 10 ms
(minimum 18 shocks)
40 g with shock duration of 5 ms
(minimum 18 shocks)

Vibration resistance (in x, y, z direction)
3 g in frequency range 10 to 55 Hz
(operating time at least 30 mins) 
according to IEC 60068-2-6

Storage temperature
from -55 °C to +55 °C according to 
VDE 0664  parts 1 and 2

Operating temperature
from -25 °C to +55 °C according to 
VDE 0664 Parts 1 and 2.

Use at 400 Hz
At 400 Hz the magnetic tripping current
is approximately 50 % higher than at AC
50/60 Hz

Notes: 1) Refer Section 3 for kA ratings at 240/415 V. The above ratings are at 415 V AC.
2) All poles include overcurrent and short circuit protection.

Available on indent only.

The LINE-side is the OFF or bottom of the MCB and connects to CD chassis 
tee-offs.

1 pole 1 module  1)

6

10

13

16

20

25

32

40

50

63

In (A)

25

25

25

25

25

25

20

20

15

15

Icu (kA)

25

25

25

25

25

25

20

20

15

15

25

25

25

25

25

25

20

20

15

15

25

25

25

25

25

25

20

20

15

15

Icu (kA)

DTCB15106C

DTCB15110C

DTCB15113C

DTCB15116C

DTCB15120C

DTCB15125C

DTCB15132C

DTCB15140C

DTCB15150C

DTCB15163C

C - Curve
5 - 10 In

2 pole 2 modules  1)

6

10

13

16

20

25

32

40

50

63

In (A)

DTCB15206C

DTCB15210C

DTCB15213C

DTCB15216C

DTCB15220C

DTCB15225C

DTCB15232C

DTCB15240C

DTCB15250C

DTCB15263C

C - Curve
5 - 10 In

3 pole 3 modules  1)

6

10

13

16

20

25

32

40

50

63

DTCB15306C

DTCB15310C

DTCB15313C

DTCB15316C

DTCB15320C

DTCB15325C

DTCB15332C

DTCB15340C

DTCB15350C

DTCB15363C

Add-on RCD
Shunt trip
UVT
Auxiliary/alarm
Padlock bracket
Link bars and terminals
Enclosures
Busbar chassis

Technical data
Tripping characteristics
Dimensions

Section 3
3 - 6, 3 - 8
3 - 24

1 - 28 to 1 - 29
1 - 36 to 1 - 38
1 - 39 to 1 - 40
1 - 32 to 1 - 35
1 - 45
1 - 44 to 1 - 45
Section 2
2 - 52

In (A) 6 - 63

1 P
2 P
3 P
4 P

240 V AC
240/415 V AC
240/415 V AC
240/415 V AC

n Standards AS/NZS 60947-2
n Current range 6-63 Amp 1, 2, 3 and 4 pole
n Sealable and lockable handle
n Modular design
n Mounts on NC or CD chassis
n Industrial applications

Accessories

Technical data

4 pole  4 modules  1)  2)

6

10

13

16

20

25

32

40

50

63

DTCB15406C

DTCB15410C

DTCB15413C

DTCB15416C

DTCB15420C

DTCB15425C

DTCB15432C

DTCB15440C

DTCB15450C

DTCB15463C

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

DTCB15
1 pole

Page

Pagei

i

i
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Din-T MCBs + RCDs Technical data
Innovators in Protection Technology

3

Din-T 15 

15 kA

C curve
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30 mA

1

1 - 25

Miniature circuit breakers
Din-Safe single pole width residual current
circuit breaker (RCBO) 10 kA

n Standards AS/NZS 61009
n Approval N17482
n One module wide (18 mm)
n Short circuit, overcurrent and earth leakage protection
n Short circuit protection, 10 kA
n Sensitivity 30 mA, 10 mA
n DIN rail mount
n Suits NC or CD chassis
n Type ‘A’ residual current device
n 240 V AC

10 mA

Trip
sensitivity

6
10
16
20
25
32
40
6
10
16
20
25
32
40

Amp rating (A)

DSRCBH0610A
DSRCBH1010A
DSRCBH1610A
DSRCBH2010A
DSRCBH2510A
DSRCBH 3210A
DSRCBH4010A
DSRCBH0630A
DSRCBH1030A
DSRCBH1630A
DSRCBH2030A
DSRCBH2530A
DSRCBH3230A
DSRCBH4030A

Cat. No 1)2)

Operation
This unit combines the overload and short circuit protection of an MCB with
earth leakage protection of an RCD. The unit occupies one, sub- circuit (one
pole) of the distribution board and provides single phase protection against
overload, short circuit and earth leakage current.

– The MCB element provides thermal and magnetic tripping protection
which is rated to 6 kA prospective fault current.

– The RCD element of the device provides core-balance detection 
of the difference between the active and neutral currents and
amplification to provide high sensitivity. The rated residual operating
current (I∆n) is 30 mA.

– The white earth reference cable, in case of loss of supply neutral,
ensures the device will continue to provide earth leakage protection and
will operate normally upon detection of an earth leakage current.

Application
The Din-Safe single pole width residual current
circuit breaker will fit the standard Din-T chassis 
for use in NHP panelboards. The design makes it
possible to provide an MCB complete with earth
leakage protection in an 18 mm wide module, which
allows a greater number of devices to be fitted into
a distribution board.

Dimensions (mm)

Connection diagram

Tripping characteristics
Technical data / wiring

Section 3
Section 3

1 - 45
1 - 44 to 1 - 45
Section 2

Technical data

Padlock bracket
Link bars and terminals
Enclosures

Accessories

Notes: 1) Neutral not switched.
2) Will not accept Din-T side mounting accessories.
30 mA tripping characteristics: 0.5 x IDn = no tripping, 1 x IDn = T <300 mS

2 x IDn = T <150 mS, 5 x IDn = T <40 mS
Nuisance tripping may be experienced in VFD and motor starting applications refer NHP.

Available on indent only.i

Page

Page
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i

i
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2 - 57 

2
n Standards AS/NZS 3439.1
n Current rating 250 A and 355 A
n Withstand rating 250 A/20 kA for 0.2 sec
n Withstand rating 355 A/25 kA for 0.3 sec
n Splayed busbar to suit 160 A and 250 A switch

n Top and bottom feed – splayed top & bottom
n Tee-offs stripped and 50 % capped
n Top power feed stripped and capped
n Full 35 mm DIN rail, improved MCB mounting security
n Improved insulation coating

CONCEPT Din-T – 250 & 355 A to suit Din-T MCBs (18 mm pole pitch) 2)

Pole capacity
12

18

24

30

36

42

48

54

60

72

78

84

96

355 A 
Cat. No. 1)

250 A 
Cat. No. 1)

CD-3-12/18-3U

CD-3-18/18-3U

CD-3-24/18-3U

CD-3-30/18-3U

CD-3-36/18-3U

CD-3-42/18-3U

CD-3-48/18-3U

CD-3-54/18-3U

CD-3-60/18-3U

CD-3-72/18-3U

CD-3-78/18-3U

CD-3-84/18-3U

CD-3-96/18-3U

CD-2-12/18-3U

CD-2-18/18-3U

CD-2-24/18-3U

CD-2-30/18-3U

CD-2-36/18-3U

CD-2-42/18-3U

CD-2-48/18-3U

CD-2-54/18-3U

CD-2-60/18-3U

CD-2-72/18-3U

CD-2-78/18-3U

CD-2-84/18-3U

CD-2-96/18-3U

CONCEPT Din-T – Hybrid suits Din-T and Din-T10H MCBs
(27/18 mm pole pitch)

CDH-3-6/12-27/18-3U

CDH-3-6/24-27/18-3U

CDH-3-6/36-27/18-3U

CDH-3-12/30-27/18-3U

CDH-3-12/42-27/18-3U

CDH-3-12/60-27/18-3U

Pole capacity
27 mm

355 A
Cat. No. 1)

Pole capacity
18 mm

6

6

6

12

12

12

12

24

36

30

42

60

Accessories
Description
Split tariff kit 250/355 A (supplied loose)

Split tariff kit (fitted)

Plastic tee-off cap  250 / 355 A

Cat. No.
STKCD

REFER NHP

CD250TOPC

Notes: 1) 4 pole and other special configurations available to special order refer NHP.
 2) Not suitable for CONCEPT economy Panelboards. Contact NHP for availability.
 ‘OFF’ (line) side of MCB connects to chassis tee-off.
 MCB DIN clips may be disengaged or removed when mounting onto “CD” chassis.
 If applicable use insulated tool provided to disengage DIN clip when removing 

MCB from chassis.
 i  Available on indent only.

Dimensions 2 - 61 to 2 - 62

Technical data

3 pole CD chassis to suit Din-T MCBs

3 pole hybrid CD chassis to  
suit Din-T and Din-T10H MCBs

Page

Panelboards, loadcentres and accessories
Concept busbar chassis assemblies for Din-T MCBs

i

i

i

i

i
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2 - 61 

2
Panelboards, loadcentres and accessories
Dimensions (mm) (cont.)

Chassis size 1) A
CD-X-12/18-3U

CD-X-18/18-3U

CD-X-24/18-3U

CD-X-30/18-3U

CD-X-36/18-3U

CD-X-42/18-3U

CD-X-48/18-3U

CD-X-54/18-3U

CD-X-60/18-3U

CD-X-72/18-3U

CD-X-78/18-3U

CD-X-84/18-3U

CD-X-96/18-3U

152

206

260

314

368

422

476

530

584

692

745

800

908

B
100

100

100

200

300

300

400

400

500

600

700

700

800

C
–

–

–

–

–

–

–

–

–

–

300

300

400

D
110

164

218

272

326

380

434

488

542

650

704

758

866

R
–

–

–

–

–

–

–

–

–

–

300

300

400

S
100

100

100

200

300

300

400

400

500

600

700

700

800

Dimensions (mm)Escutcheon cut-out details

CD chassis 250/355 A to suit Din-T6, 10 and 15

Notes: 1) “X” insert 2 = 250 A or 3 = 355 A, current rating does not effect above dims. 
   Maximum current rating of tee-off = 100 A.
   ‘OFF’ (line) side of MCB connects to chassis tee-off.
   MCB DIN clips may be disengaged or removed when mounting onto “CD” chassis.
   Use insulated tool provided to disengage DIN clip if removing MCB from chassis.
   – Z = End of chassis metal pan.
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Specifications are subject to change without notice (10.04.07) 1

Monitoring Relays

Product Description Ordering Key
Housing
Function
Type
Item number
Output
Power supply

• TRMS 3-phase over and under voltage, 
phase sequence and phase loss monitoring relays

• Detect when all 3 phases are present and have the
correct phase sequence (except for N versions)

• Available versions (W4) supplied between phase and
neutral

• Detect if all the 3-phase-phase or phase-neutral volt-
ages are within the set limits

• Upper and lower limits separately adjustable
• Measure on own power supply 
• Selection of measuring range by DIP-switches
• Adjustable voltage on relative scale
• Adjustable delay function (0.1 to 30 s)
• Output: 8 A SPDT relay N.E.
• For mounting on DIN-rail in accordance with 

DIN/EN 50 022 (DPB01) or plug-in module (PPB01)
• 22.5 mm Euronorm housing (DPB01) 

or 36 mm plug-in module (PPB01)
• LED indication for relay, alarm and power supply ON

Type Selection
Mounting Phase sequence Output Supply: Supply: Supply:

detection 208 to 240 VAC 380 to 415 VAC 380 to 480 VAC

DIN-rail yes SPDT DPB 01 C M23 DPB 01 C M48 W4 DPB 01 C M48
Plug-in yes SPDT PPB 01 C M23 PPB 01 C M48 W4
Plug-in yes SPDT PPB 01 C M48
DIN-rail no SPDT DPB 01 C M23 N DPB 01 C M48 N W4 DPB 01 C M48 N 
Plug-in no SPDT PPB 01 C M23 N PPB 01 C M48 N W4
Plug-in no SPDT PPB 01 C M48 N

Input 
L1, L2, L3, N DPB01: Terminals L1, L2, L3, N

PPB01: Terminals 5, 6, 7, 11
Measure on own supply

Note: Connect the neutral only
if it is intrinsically at the star
centre

Measuring ranges
208 to 240 VAC 177 to 275 VL-L AC 

M23 versions
380 to 415 VAC 323 to 475 VL-L AC

PPB01CM48
PPB01CM48N 
D/P PB01CM48W4 
D/P PB01CM48NW4

380 to 480 VAC 323 to 550 VL-L AC
DPB01CM48 
DPB01CM48N

True RMS 3-Phase, 3-Phase+N, Multi-function
Types DPB01, PPB01

Input Specifications

DPB 01 C M23
3-phase or 3-phase+neutral
line voltage monitoring relay
for phase sequence, phase
loss, over and under voltage
(separately adjustable set

points) with built-in time
delay function.
Supply ranges from 208 to
480 VAC covered by two
multivoltage relays.

DPB01 PPB01

Ranges
Upper level +2 to +22% 

of the nominal voltage
Lower level -22 to -2% 

of the nominal voltage
Note: The input voltage
must not exceed the maximum
rated voltage or drop below
the minumum rated voltage
reported above.
Hysteresis

Set points from 2 to 5% 1%
Set points from 5 to 22% 2%
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2 Specifications are subject to change without notice (10.04.07)

DPB01, PPB01

Mode of Operation
Connected to the 3 phases
(and neutral) DPB01 and
PPB01 operate when all 3
phases are present at the
same time, the phase
sequence is correct (not N
versions) and the phase-
phase (or phase-neutral)
voltage levels are within set
limits.

If one or more phase-phase
or phase-neutral voltages
exceeds the upper set level
or drops below the lower set
level, the red LED starts

flashing 2 Hz and the output
relay releases after the set
time period. In any case if
phase-neutral measurement
is selected both phase-
phase and phase-neutral
voltages are monitored. If
the phase sequence is
wrong or one phase is lost,
the output relay releases
immediately.
Only 200 ms delay occurs.
The failure is indicated by
the red LED flashing 5 Hz
during the alarm condition.

Example 1
(mains network monitoring)

The relay monitors over and
under voltage, phase loss
and correct phase
sequence.
In case of N versions, the
relay monitors over and
under voltage.

Example 2
(load monitoring)

The relay releases in case of
interruption of one or more
phases, when one or more
voltages drop below the
lower set level or exceed the
upper set level.

Power supply Overvoltage cat. III
Rated operational voltage (IEC 60664, IEC 60038)
through terminals:

L1, L2, L3, N (DPB01)
5, 6, 7, 11    (PPB01)

D/P PB01CM23, 208 to 240 VL-L AC ±15%
D/P PB01CM23N 45 to 65 Hz

D/P PB01CM48W4, 380 to 415 VL-L AC ±15%
D/P PB01CM48NW4, (220 to 240 VL-N AC ±15%)
PPB01CM48, PPB01CM48N 45 to 65 Hz

DPB01CM48, DPB01CM48N 380 to 480 VL-L AC ±15%
(220 to 277 VL-N AC ±15%)
45 to 65 Hz

Rated operational power
DPB01CM23x, PPB01CM23x 13 VA @ 230 ∆VAC, 50 Hz
DPB01CM48x, PPB01CM48x 13 VA @ 400 ∆VAC, 50 Hz

Supplied by L1 and L2
DPB01CM48xW4
DPB01CM48xW4 13 VA @ 400 ∆VAC, 50 Hz

Supplied by L1 and N

Supply Specifications

Power ON delay 1 s ± 0.5 s or 6 s ± 0.5 s
Reaction time

Incorrect phase sequence or
total phase loss < 200 ms
Voltage level (input signal variation from  

-20% to +20% or from 
+20% to -20% of set value)

Alarm ON delay < 200 ms (delay < 0.1 s)
Alarm OFF delay < 200 ms (delay < 0.1 s)

Accuracy (15 min warm-up time)
Temperature drift ± 1000 ppm/°C
Delay ON alarm ± 10% on set value ± 50 ms
Repeatability ± 0.5% on full-scale

Indication for
Power supply ON LED, green
Alarm ON LED, red (flashing 2 Hz 

during delay time)
Output relay ON LED, yellow

Environment
Degree of protection IP 20
Pollution degree 3 (DPB01), 2 (PPB01)
Operating temperature

@ Max. voltage, 50 Hz -20 to 60°C, R.H. < 95%
@ Max. voltage, 60 Hz -20 to 50°C, R.H. < 95%

Storage temperature -30 to 80°C, R.H. < 95%
Housing 

Dimensions DPB01 22.5 x 80 x 99.5 mm
PPB01 36 x 80 x 94 mm

Weight Approx. 120 g
Screw terminals

Tightening torque Max. 0.5 Nm
according to IEC 60947

Approvals  UL, CSA 
(except for W4 versions)

CE Marking Yes
EMC Electromagnetic Compatibility

Immunity According to EN 61000-6-2
Emissions According to EN 61000-6-3

General Specifications
Output SPDT relay

Rated insulation voltage 250 VAC
Contact ratings (AgSnO2) µ

Resistive loads AC 1 8 A @ 250 VAC
DC 12 5 A @ 24 VDC

Small inductive loads AC 15 2.5 A @ 250 VAC
DC 13 2.5 A @ 24 VDC

Mechanical life ≥ 30 x 106 operations
Electrical life ≥ 105 operations

(at 8 A, 250 V, cos ϕ = 1)
Operating frequency ≤ 7200 operations/h
Dielectric strength

Dielectric voltage 2 kVAC (rms)
Rated impulse withstand volt. 4 kV (1.2/50 µs)

Output Specifications
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Specifications are subject to change without notice (10.04.07) 3

DPB01, PPB01

Adjust the input range set-
ting the DIP switches 3 and
4 as shown below.

Select the desired function
setting the DIP switches 1
and 2 as shown below.

To access the DIP swiches
open the grey plastic cover
as shown below

Selection of level and time
delay:

Upper knob:
Setting of lower level on rel-
ative scale.

Centre knob:
Setting of upper level on rel-
ative scale.

Lower knob:
Setting of delay on alarm
time on absolute scale (0.1
to 30 s).

Function/Range/Level and Time Delay Setting

Power ON delay
ON: 6 s ± 0.5 s
OFF: 1 s ± 0.5 s

Monitored voltage
ON: Phase-Neutral
OFF: Phase-Phase

Measuring range

SW3 ON ON OFF OFF
SW4 ON OFF ON OFF
M23 Ph-Ph 208 VAC 220 VAC 230 VAC 240 VAC
Voltage
M48 Ph-Ph 380 VAC 400 VAC 415 VAC 480 VAC
Voltage DPB01CM48,

DPB01CM48N
only

M48 Ph-N 220 VAC 230 VAC 240 VAC 277 VAC
Voltage DPB01CM48,

DPB01CM48N
only

Operation Diagrams
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4 Specifications are subject to change without notice (10.04.07)

Operation Diagrams (cont.)

(*) N versions don’t detect incorrect phase sequence.

DPB01, PPB01

(*)

Wiring Diagrams

DPB01 PPB01

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 91 of 1072



Specifications are subject to change without notice (10.04.07) 5

Dimensions

22.5

8
0

8
3

.5

99.5

6
3

28.5

DIN-rail

Note

When DPB01 or PPB01 is used  with phase indicator lamps (see examples in the following diagrams), the lamp H1 or H2
might be dimly lit when there is a phase loss in L1 or L2. This might happen if the lamps used are the typical low power indi-
cator lamps, and there are no other loads present.
This fact can be avoided by using W4 models. Note that the neutral must be always connected to the device.

DPB01 PPB01

36

8
0

94

28.5

6
3

90

Plug-in

DPB01, PPB01
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Relays & Sockets

 Selection Guide

General Purpose Relays        

RH Series RJ Series RQ Series RR Series

Appearance

Page 726 736 744 748

Contact Confi guration SPDT, DPDT, 3PDT, 4PDT SPDT, SPST, DPDT, DPST SPDT, DPDT SPDT, DPDT, 3PDT

Terminal Blade or PCB Blade or PCB PCB Pin or Blade

Contact Rating
(resistive)

10A, 30V DC/240V AC
1/3HP, 240V AC
1/6HP, 120V AC

SPDT: 12A/16A, 30V DC/250V AC
DPDT: 8A, 30V DC/250V AC

SPDT: 12A, 16A
DPDT: 8A

10A, 30V DC/ 240V AC
1/3HP, 240V AC
1/4HP, 120V AC

Contact Material Silver-Cadmium Oxide Silver-Nickel alloy Silver-Nickel alloy Silver

RU Series RY/RM Series

Appearance

Page 754 763

Contact Confi guration DPDT, 4PDT DPDT, 4PDT DPDT

Terminal Blade or PCB Blade or PCB

Contact Rating
(resistive)

DPDT: 10A, 30V DC/250V AC 
4PDT: 6A, 30V DC/250V AC 
              1/10 HP, 240V AC 
Bifurcated: 3A 250V AC

RY:  DPDT: 3A, 30V DC/240V AC
       4PDT: 5A, 30V DC/240V AC
Bifurcated: 1A 30V DC/120V AC

5A, 30V DC/240V AC

Contact Material
DPDT Silver Tin Oxide Indium

Standard: Gold plated silver
Bifurcated: Palladium Alloy Silver

Silver
4PDT Gold-Silver Alloy on Silver

NEW
Models
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Selection Guide con’t

Latching Relays   

RR2KP Series RY2KS

Appearance

Page 776 779

Contact Confi guration DPDT DPDT

Terminal Pin Blade

Contact Rating 
(resistive)
 

10A, 30V DC
10A, 120V AC

3A, 30V DC
3A, 120V AC

Contact Material Silver Silver, gold-plated

Solid State Relays  

RSC Series RSS Series

Appearance

Page 783 786

Output Confi guration 1 Form A (SPST-NO) 1 Form A (SPST-NO)

Output Rating
20A, 30A, 45A
48 - 600V AC

10A, 25A, 50A, 75A, 90A 
48 - 660V AC

Output Dual SCR (zero crossing)

NEW
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Relays & Sockets

 RH Series    Compact Power Relays

SPDT through 4PDT, 10A contacts 
Compact power type relays

The RH series are miniature power relays with a large capacity. The RH relays feature 
10A contact capacity as large as the RR series but in a miniature package. The compact 
size saves space.

    

 Part Number Selection
Part Number

Contact Model
Blade 

Terminal
PCB 

Terminal
Coil Voltage Code

(Standard Stock in bold)

SPDT

Basic  RH1B-U RH1V2-U

AC6V, AC12V, AC24V, AC110V, AC120V, 
AC220V, AC240V  DC6V, DC12V, DC24V, 
DC48V, DC110V

With Indicator RH1B-UL —

With Check Button RH1B-UC —

With Indicator and Check Button RH1B-ULC —

Top Bracket Mounting RH1B-UT —

With Diode (DC coil only) RH1B-UD RH1V2-UD DC6V, DC12V, DC24V, DC48V, DC110V

With Indicator and Diode (DC coil only) RH1B-ULD — DC12V, DC24V, DC48V, DC110V

DPDT
Basic  RH2B-U RH2V2-U

AC6V, AC12V, AC24V, AC110-120V, 
AC220-240V  
DC6V, DC12V, DC24V, DC48V, DC100-110V

With Indicator RH2B-UL RH2V2-UL

With Check Button RH2B-UC —

With Indicator and Check Button RH2B-ULC —

Top Bracket Mounting RH2B-UT —

With Diode (DC coil only) RH2B-UD RH2V2-UD
DC6V, DC12V, DC24V, DC48V, DC100-110V

With Indicator and Diode (DC coil only) RH2B-ULD —

3PDT
Basic  RH3B-U RH3V2-U

AC6V, AC12V, AC24V, AC110V, AC120V, 
AC220V, AC240V  DC6V, DC12V, DC24V, 
DC48V, DC110V

With Indicator RH3B-UL RH3V2-UL

With Check Button RH3B-UC —

With Indicator and Check Button RH3B-ULC —

Top Bracket Mounting RH3B-UT —

With Diode (DC coil only)  RH3B-D* RH3V2-D*
DC6V, DC12V, DC24V, DC48V, DC110V

With Indicator and Diode (DC coil only) RH3B-LD* —

4PDT
Basic  RH4B-U RH4V2-U

AC6V, AC12V, AC24V, AC110V, AC120V, 
AC220V, AC240V DC6V, DC12V, DC24V, DC48V, 
DC110V

With Indicator RH4B-UL RH4V2-UL

With Check Button RH4B-UC —

With Indicator and Check Button RH4B-ULC —

Top Bracket Mounting RH4B-UT —

With Diode (DC coil only) RH4B-UD RH4V2-UD
DC6V, DC12V, DC24V, DC48V, DC110V

With Indicator and Diode (DC coil only)  RH4B-LD* —
   

1.  *Carries no UL recognition mark.
2.  PCB terminal relays are designed to mount directly to a circuit board without any socket. Ordering Information

When ordering, specify the Part No. and coil voltage code: 

 (example) RH3B-U       AC120V

                         Part No.                         Coil Voltage Code    
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  Sockets (for Blade Terminal Models)

Relays Standard DIN Rail Mount 1 Finger-safe DIN Rail Mount 1 Through Panel Mount PCB Mount

RH1B  SH1B-05  SH1B-O5C  SH1B-51  SH1B-62

1. DIN Rail mount 
socket comes with 
two horseshoe 
clips. Do not use 
unless you plan to 
insert pullover wire 
spring. Replacement 
horseshoe clip part 
number is Y778-011.

RH2B  SH2B-05  SH2B-05C  SH2B-51  SH2B-62

RH3B  SH3B-05  SH3B-05C  SH3B-51  SH3B-62

RH4B  SH4B-05  SH4B-05C  SH4B-51  SH4B-62

Hold Down Springs & Clips

Appearance Description Relay
For DIN 
Mount Socket

For Through Panel & 
PCB Mount Socket

Min Order Qty

Pullover Wire 
Spring

RH1B  SY2S-02F1 2

 SY4S-51F1 10

2. Must use horseshoe clip 
when mounting in DIN 
mount socket. Replacement 
horseshoe clip part number is 
Y778-011.

3. Two required per relay.

RH2B  SY4S-02F1 2

RH3B  SH3B-05F1 2

RH4B  SH4B-02F1 2

Leaf Spring 
(side latch)

RH1B, RH2B, RH3B, RH4B  SFA-202 3   SFA-302 3

20

Leaf Spring 
(top latch)

RH1B, RH2B, RH3B, RH4B   SFA-101 3   SFA-301 3

   

AC Coil Ratings

Voltage 
(V)

Rated Current (mA) ±15% at 20°C Coil Resistance (Ω)
±10% at 20°C

Operation Characteristics
(against rated values at 20ºC)AC 50Hz AC 60Hz

SPDT DPDT 3PDT 4PDT SPDT DPDT 3PDT 4PDT SPDT DPDT 3PDT 4PDT
Max. Continuous 
Applied Voltage

Pickup 
Voltage

Dropout 
Voltage

6 170 240 330 387 150 200 280 330 330 9.4 6.4 5.4

110%
80% 

maximum
30%

minimum

12 86 121 165 196 75 100 140 165 165 39.3 25.3 21.2

24 42 60.5 81 98 37 50 70 83 83 153 103 84.5

110 9.6 — 18.1 21.6 8.4 — 15.5 18.2 18.2 — 2,200 1,800

110-120 —
9.4-
10.8

— — — 8.0-9.2 — — — — — —

120 8.6 — 16.4 19.5 7.5 — 14.2 16.5 16.5 — 10,800 7,360

220 4.7 — 8.8 10.7 4.1 — 7.7 9.1 9.1 — 10,800 7,360

220-240 — 4.7-5.4 — — — 4.0-4.6 — — 18,820 — —

240 4.9 — 8.2 9.8 4.3 — 7.1 8.3 8.3 — 12,100 9,120

DC Coil Ratings

Voltage 
(V)

Rated Current (mA) ±15% at 20°C
Coil Resistance (Ω)

±10% at 20°C
Operation Characteristics

(against rated values at 20ºC)

SPDT DPDT 3PDT 4PDT SPDT DPDT 3PDT 4PDT
Max. Continuous 
Applied Voltage

Pickup 
Voltage

Dropout 
Voltage

6 128 150 240 250 47 40 25 24

110%
80% 

maximum
10%

minimum

 Standard coil voltages 
are in BOLD.

12 64 75 120 125 188 160 100 96

24 32 36.9 60 62 750 650 400 388

48 18 18.5 30 31 2,660 2,600 1,600 1,550

100-110 — 8.2-9.0 — — — 12,250 — —

110 8 — 12.8 15 13,800 — 8,600 7,340
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Relays & Sockets

 Contact Ratings

Maximum Contact Capacity

Model
Continuous 

Current 

Allowable Contact Power Rated Load

Resistive 
Load

Inductive 
Load

Voltage 
(V)

Res. 
Load

Ind. 
Load

SPDT 10A
1540VA
300W

990VA
210W

110 AC 10A 7A

220 AC 7A 4.5A

30 DC 10A 7A

DPDT
3PDT
4PDT

10A
1650VA
300W

1100VA
225W

110 AC 10A 7.5A

220 AC 7.5A 5A

30 DC 10A 7.5A

Note: Inductive load for the rated load — cos ø = 0.3, L/R = 7 ms

TÜV Ratings

Voltage RH1 RH2 RH3 RH4

240V AC 10A 10A 7.5A 7.5A

30V DC 10A 10A 10A 10A
     

AC: cos ø = 1.0, DC: L/R = 0 ms

 

 Socket Specifi cations

Sockets Terminal Electrical Rating Wire Size Torque

DIN Rail 
Mount 
Sockets

SH1B-05
(Coil) M3 screws
(contact) M3.5 screws with captive wire clamp

250V, 10A Maximum up to 2–#12AWG
5.5 - 9 in•lbs
9 - 11.5 in•lbs

SH2B-05
SH3B-05
SH4B-05

M3.5 screws with captive wire clamp 300V, 10A Maximum up to 2–#12AWG 9 - 11.5 in•lbs

Finger-safe 
DIN Rail 
Mount

SH1B-05C
(coil) M3 screws
(contact) M3.5 screws with captive wire clamp, fi ngersafe

250V, 10A Maximum up to 2–#12AWG
5.5 - 9 in•lbs
9 - 11.5 in•lbs

SH2B-05C
SH3B-05C
SH4B-05C

M3.5 screws with captive wire clamp, fi ngersafe 300V, 10A Maximum up to 2–#12AWG 9 - 11.5 in•lbs

Through
Panel 
Mount 
Socket

SH1B-51
SH2B-51
SH3B-51
SH4B-51

Solder 300V, 10A — —

PCB Mount 
Socket

SH1B-62 PCB mount 250V, 10A — —

SH2B-62
SH3B-62
SH4B-62

PCB mount 300V, 10A — —

 Accessories

Description Appearance Use with Part No. Remarks

Aluminum 
DIN Rail 
(1 meter length)

All DIN rail sockets  BNDN1000

IDEC offers a low-profi le DIN rail (BNDN1000). The BNDN1000 is de-
signed to accommodate DIN mount sockets. Made of durable extruded 
aluminum, the BNDN1000 measures 0.413 (10.5mm) in height and 1.37 
(35mm) in width (DIN standard). Standard length is 39” (1,000mm).

DIN Rail End 
Stop

DIN rail  BNL5 9.1 mm wide.

Replacement 
Hold-Down 
Spring Anchor 

DIN mount sockets and hold 
down springs.

 Y778-011
For use on DIN rail mount socket when using pullover wire hold down 
spring. 2 pieces included with each socket.

UL Ratings

Voltage

Resistive General Use Horse Power Rating

RH1
RH2

RH3 RH4
RH1
RH2

RH3 RH4
RH1
RH2

RH3 RH4

240V AC 10A 7.5A 7.5A 7A 6.5A 5A 1/3 HP 1/3 HP —

120V AC — 10A 10A — 7.5A 7.5A 1/6 HP 1/6 HP —

30V DC 10A 10A — 7A — — — — —

28V DC — — 10A — — — — — —

CSA Ratings

Voltage
Resistive General Use

Horse 
Power 
Rating

RH1 RH2 RH3 RH4 RH1 RH2 RH3 RH4 RH1, 2, 3

240V AC 10A 10A — 7.5A 7A 7A 7A 5A 1/3 HP

120V AC 10A 10A 10A 10A 7.5A 7.5A — 7.5A 1/6 HP

30V DC 10A 10A 10A 10A 7A 7.5A — — —
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Relays & Sockets

 Specifi cations

Contact Material Silver cadmium oxide

Contact Resistance 1 50mΩ maximum

Minimum Applicable Load 24V DC, 30 mA; 5V DC, 100 mA (reference value)

Operate Time 2

SPDT
DPDT

20ms maximum

3PDT
4PDT

25ms maximum

Release Time 2

SPDT
DPDT

20ms maximum

3PDT
4PDT

25ms maximum

Power Consumption 
(approx.)

SPDT AC: 1.1VA (50Hz), 1VA (60Hz) DC: 0.8W

DPDT AC: 1.4VA (50Hz), 1.2VA (60Hz) DC: 0.9W

3PDT AC: 2VA (50Hz), 1.7VA (60Hz) DC: 1.5W

4PDT AC: 2.5VA (50Hz), 2VA (60Hz) DC: 1.5W

Insulation Resistance 100MΩ minimum (500V DC megger)

Dielectric Strength  3

SPDT
Between live and dead parts: 2,000V AC, 1 minute
Between contact and coil: 2,000V AC, 1 minute
Between contacts of the same pole: 1,000V AC, 1 minute

DPDT
3PDT
4PDT

Between live and dead parts: 2,000V AC, 1 minute
Between contact and coil: 2,000V AC, 1 minute
Between contacts of different poles: 2,000V AC, 1 minute
Between contacts of the same pole: 1,000V AC, 1 minute

Operating Frequency
Electrical:  1,800 operations/hour maximum
Mechanical:  18,000 operations/hour maximum

Vibration Resistance
Damage limits: 10 to 55Hz, amplitude 0.5 mm
Operating extremes: 10 to 55Hz, amplitude 0.5 mm

Shock Resistance
Damage limits: 1,000m/s2 (100G)
Operating extremes: 200m/s2 (20G - SPDT, DPDT)
  100m/s2 (10G - 3PDT, 4PDT)

Mechanical Life 50,000,000 operations minimum

Electrical Life

DPDT 500,000 operations minimum (120V AC, 10A)

SPDT
3PDT
4PDT

200,000 operations minimum (120V AC, 10A)

Operating 
Temperature 4

SPDT –25 to +50°C (no freezing)

DPDT
3PDT
4PDT

–25 to +40°C (no freezing)

Operating Humidity 45 to 85% RH (no condensation)

Weight (approx.) SPDT: 24g, DPDT: 37g, 3PDT: 50g, 4PDT: 74g
         

Note: Above values are initial values.
1. Measured using 5V DC, 1A voltage drop method
2. Measured at the rated voltage (at 20°C), excluding contact bouncing

Release time of relays with diode: 40 ms maximum
3. Relays with indicator or diode: 1000V AC, 1 minute 
4. For use under different temperature conditions, refer to Continuous Load Current vs. Operating Temperature Curve. The operating 

temperature range of relays with indicator or diode is –25 to +40°C.
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Relays & Sockets

 Characteristics (Reference Data)

Electrical Life Curves

AC Load DC Load

1 3 5 7 92 4 6 8 10

50

20
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100

500

1000

Load Current (A)

120V AC resistive

240V AC inductive
120V AC inductive 240V AC resistive
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)

(RH1)
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30V DC resistive
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(RH1)
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(RH2)
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(RH3/RH4)
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Maximum Switching Capacity

1 5

0.5

1.0

5.0

10.0

10 100 200 30050
0.1

Load Voltage (V)
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A

)

DC inductive

DC resistive

AC inductive

AC resistive

(RH1)

1 5
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1.0
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10 100 200 30050
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DC inductive

DC resistive

AC resistive

AC inductive

Load Voltage (V)
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 (
A

)

(RH2/RH3/RH4)
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Continuous Load Current vs. Operating Temperature Curve (Basic Type, With Check Button, and Top Bracket Mounting Type)

10
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DC Coil

AC Coil

Note: The rated voltage is
       applied to the coil.

Load Current (A)
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10

10

20

30

40

50

60

70

80

90

100

3 5 7 92 4 6 8 10

DC Coil

AC Coil

Load Current (A)

O
pe

ra
tin

g 
Te

m
pe

ra
tu

re
 (

C
)

Note: The rated voltage is
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(RH2)
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)

Note: The rated voltage is
       applied to the coil.

(RH3/RH4)

Internal Connection (View from Bottom)
Basic Type

SPDT DPDT 3PDT 4PDT With Check Button

Front
Pushbutton

Contacts can be operated by pressing the 
check button.  

1

5

13 14

9

(   –   ) (   +   )

1

5

13 14

9

4

8

12

(   –   ) (   +   )

1

5

13 14

9

4

8

2

6

1210

(   –   ) (   +   )

1

5

13 14

9

2

6

10

3

7

11

4

8

12

(   –   ) (   +   )

With Indicator (-L type)

SPDT 3PDT 4PDT DPDT

Below 
100V 
AC/DC

1

5

13 14

9

(   –   ) (   +   )

1

5

9

4

8

2

6

1210

13 14(   –   ) (   +   )

1

5

13 14

9

2

6

10

3

7

11

4

8

12

(   –   ) (   +   )

Below 
24V 
AC/DC

1

5

13 14

9

4

8

12

(   –   ) (   +   )
When the relay is energized, 
the indicator goes on. 

Relay coils less than 100V 
DC do not contain a protec-
tion diode (except DPDT).
Relay coils below 100V 
use LED indicator, coils 
above 100V use neon lamp 
indicator.

•

•

100V 
AC/DC 
and over

1

5

13 14

9

(   –   ) (   +   )

1

5

9

4

8

2

6

1210

13 14(   –   ) (   +   ) (   –   ) (   +   )

1

5

13 14

9

2

6

10

3

7

11

4

8

12
24V 
AC/DC 
and over

1

5

13 14

9

4

8

12

(   –   ) (   +   )

With Diode (-D type)

SPDT DPDT 3PDT 4PDT

1

5

13 14

9

(   –   ) (   +   )

1

5

13 14

9

4

8

12

(   –   ) (   +   )

1

5

13 14

9

2

6

10

4

8

12

(   –   ) (   +   )

1

5

13 14

9

2

6

10

3

7

11

4

8

12

(   –   ) (   +   )

Contains a diode to absorb the back emf 
generated when the coil is de-energized. The 
release time is slightly longer. Available for DC 
coil only.

Diode Characteristics
Reverse withstand voltage: 1,000V
Forward current: 1A

•
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Relays & Sockets

With Indicator LED & Diode (-LD type)

SPDT 3PDT 4PDT DPDT

Below 
100V DC

1

5

13 14

9

(   –   ) (   +   )

1

5

13 14

9

2

6

10

4

8

12

(   –   ) (   +   )

1

5

13 14

9

2

6

10

3

7

11

4

8

12

(   –   ) (   +   )

Below 
24V 
AC/DC

1

5

13 14

9

4

8

12

(   –   ) (   +   )

Contains an LED indicator and 
a surge absorber, and has the 
same height as the basic type.

100V DC 
and over

1

5

13 14

9

(   –   ) (   +   )

1

5

13 14

9

2

6

10

4

8

12

(   –   ) (   +   )

1

5

13 14

9

2

6

10

3

7

11

4

8

12

(   –   ) (   +   )

24V 
AC/DC 
and over

1

5

13 14

9

4

8

12

(   –   ) (   +   )

 Dimensions (mm)

RH1B-U/RH1B-UL/RH1B-UD/RH1B-ULD RH2B-U/RH2B-UL/RH2B-UD/RH2B-ULD RH3B-U/RH3B-UL/RH3B-D/RH3B-LD

13

1

5

9

14

4.
7

0.
5

6.4

5.4 14

27
.5

SH1B-05: 61.5 (63.5) max., SH1B-51: 39.6 (41.6) max.

35.6 max.

Total length from panel surface including relay socket

Dimensions in the (  )
include a hold-down spring.

ø2.6 hole

1 4

5 8

9 12

13 14

6.4 21

27
.5

4.
7

0.
5

SH2B-05: 61.5 (63.5) max., SH2B-51: 39.6 (41.6) max.

35.6 max.

Total length from panel surface including relay socket

Dimensions in the (  )
include a hold-down spring.

ø2.6 hole

13 14

1 2 4

865

9 10 11

4.
7

0.
5

27
.5

6.4 31

SH3B-05: 61.5 (63.5) max., SH3B-51: 39.6 (41.6) max.

35.6 max.

Total length from panel surface including relay socket

Dimensions in the (  )
include a hold-down spring.

ø2.6 hole

RH4B-U/RH4B-UL/RH4B-UD/RH4B-LD RH1B-UT RH2B-UT

1 2 3 4

7 865

9 10 11 12

13 14

6.4 41

4.
7

0.
5 27

.5

SH4B-05: 61.5 (63.5) max., SH4B-51: 39.6 (41.6) max.

35.6 max.

Total length from panel surface including relay socket

Dimensions in the (  )
include a hold-down spring.

ø2.6 hole

ø2.6 hole

13

1

5

9

14

3.5
14.5 35.6 max. 6.4

5.42

3843
.2

27
.5

6.
6

5.
9

4.
7

0.
5

4.
7

ø2.6 hole

1 4

5 8

9 12

13 14

3.5

21.5

2

35.6 max. 6.4

3843
.2

27
.5

4.
7

5.
9

7.
25

0.
5

4.
7

10

RH3B-UT RH4B-UT

ø2.6 hole

13 14

1 2 4

865

9 10 12

21.5

31.5 35.6 max. 6.4

3.5

3843
.2

28

10
10

4.
7

2

4.
7

5.
9

7.
25

0.
5

ø2.6 hole

10
10

10
4.

7

2

35.6 max. 6.4

42 max.

13

12

14

1 2 3 4

7 865

9 10 11

28

41.5

28

3.5

3844

4.
7

5.
9

7.
25

0.
5
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Dimensions con’t (mm)

RH1V2-U/RH1V2-UD RH2V2-U/RH2V2-UL/RH2V2-UD

13

1

5

9

14

35.6 max. 4.6

0.
5

27
.5

14

3-ø2.4 holes
2-ø2 holes

4.4

7.
15

6.
6 12

.5
4.

7

0.5

1.
5

2

8-ø2.4 holes

10

14.2

7.
8

7.
25

13
.1

5
4.

7

1413

1 4

5 8

9 12

35.6 max. 4.6

27
.5

5

2
0.

5

0.
5

2

0.5

21

RH3V2-U/RH3V2-UL/RH3V2-D RH4V2-U/RH4V2-UL/RH4V2-UD
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Relays & Sockets

Dimensions con’t (mm)

Finger-safe DIN Rail Mount Sockets 
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Relays & Sockets

Dimensions con’t (mm)

PCB Mount Sockets 
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MTR Level Relay

The MTR level relay has proven itself to be 
simple and extremely reliable in pump stations 
everywhere. The MTR controls one pump or 
one alarm. The MTRA controls one pump and 
one alarm. 

 Safe
 The extra low sensing voltage ensures maintenance staff  
 and operators are protected at all times. 

 Four sensitivities
 Allows the relay to operate effectively in a wide range  
 of conductive liquids.

 Activation delays
 Each output can have a different time delay to overcome   
 wave action and turbulence.

 LED indication 
 High intensity LED indicators ensure clear signals.  
 Power On (green). Alarm On (red). Pump On (yellow).

 Dipswitch programmable
 All settings are easily selectable from the front panel.

 Proven reliability
 The proven design and performance of the relay ensures   
 long-term reliability of the MultiTrode system.

 I.S application
 Perfect for I.S application when used with an MTISB.

 Unique two-sensor operation (MTRA only)
 Pump and alarm can be controlled using two or three  
 sensors. Two-sensor operation is ideal for budget    
 applications or where space is limited.

 DIN rail or screw mounting
 Low installed cost

Mode of operation:
 MTR Mode Charge/Discharge (Fill or Empty)
 MTRA Mode Discharge ONLY

Probe Inputs: 
 Sensor inputs MTR : 2 / MTRA : 3 
 Sensor voltage 10/12VAC Nominal
 Sensor current  0.8mA max. (per sensor)
 Sensitivity  1k, 4k, 20k, 80k 

Relay Outputs:  
 MTR relay output 2 contact sets : 1 N/O & 1 C/O
 MTR Output delay 0, 2.5, 5, 10, 20, 40, 80, 160 sec

 MTRA relay output 2 relays : both N/O
 MTRA Output delay Pump: 0.5, 10; Alarm: 0.5, 15 sec  

 Relay contact rating 250 VAC  
   5A Resistive,  2A Inductive
 Relay contact life 105 Operations
 Terminal size 2 x 13 AWG /  2.5mm2

Display
 LEDs: Power On Pump Alarm
 MTR  Green Red
 MTRA Green Yellow Red

Physical Product:  
 Dimensions  2.7/8H x 1.3/4W x 4.1/2D (Inches)   
   72Hx45Wx114D (mm)
 Mounting DIN Rail or 2 x #6 Screws / 2 x M4 Screws 
 Enclosure Makrolon (self-extinguishing)  
 

 

Power Supply:  
 Supply Voltage AC 24, 110,  240, 415VAC*  -  50/60Hz
 Power Consumption 3.5 Watts max         *(MTR only)
 Supply Voltage DC 12 or 24VDC,  
 Power Consumption 3 Watts max  

Environmental Range: 
 Centigrade  - 100  to +600C
 Fahrenheit  +140  to +1400F

Available Models & Ordering Information
 415VAC MTR-1 n/a 
 240VAC MTR-2 MTRA-2 
 110VAC MTR-3 MTRA-3 
 24VAC MTR-4  MTRA-4 
 24VDC MTR-5  MTRA-5 
 12VDC MTR-6  MTRA-6 

Specifications
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1 Introduction 
The MultiTrode level control relay is a solid-state electronic module in a hi-impact plastic case with a DIN 
rail attachment on the back, making a snap-on-snap-off installation.  Any number of relays can be easily 
added to the DIN metal rail then wired together to form a complex pumping system that other wise may 
have to be controlled and operated by a programmed PLC. 

The relay is normally matched with the MultiTrode probe which works in conjunction with the relay and 
uses the conductivity of the liquid to complete an electrical circuit. 

2 Electrical Overview 

 

There are 10 screw terminals on the unit.  Facing the relay as 
shown, we look at the bottom terminals (left to right): 

• Lo – (Charge mode).  This is the point when the probe is dry 
the relay will turn on. 

• Lo – (Discharge mode).  This is the point when the probe in the 
tank is dry the relay will turn off. 

• Hi – (Charge mode).  This is the point when the probe in the 
tank is wet a relay will turn off 

• Hi – (Discharge mode).  This is the point when the probe in the 
tank is wet a relay will turn on. 

• C - is common earth.  All earth bonding must be terminated 
here for correct operation. 

• “ L “ is “live”  (240V AC) 

• “ N “ is “neutral” (240V AC) 
 

If the tank is plastic, or if you are conducting tests in a plastic bucket, or the vessel has no earth point 
inside, you must install an earth rod within the tank, vessel or bucket and make sure that it is bonded 
back to C on the relay unit. 

3 DIP Switches 
3.1 DIP Switches 
(See Wiring Diagram for full program functions.) 

3.1.1 DIP 1 & 2 
DIP 1 and 2 control the Sensitivity, in other words the cleaner the liquid the higher the sensitivity setting 
must be.  Concentrated acids, minerals are by their own chemical composition highly conductive, so a 
low level of sensitivity is required, purified water is almost an insulator against electrical current flow so a 
higher sensitivity inside the relay is required. 

3.1.2 DIP 3, 4 & 5 
DIP switches 3, 4 and 5, control delay on activation.  For example, in discharge mode with DIP switches 
3, 4 and 5 set to 10 seconds, when the Hi point becomes wet it will activate the motor and it will take 10 
seconds of continual coverage of the probe sensor to make the relay close and start the pump.  This is 
invaluable when the probe is in a turbulent part of a well where fluid is splashing around touching the 
sensors momentarily, and false activation cannot be tolerated. 

3.1.3 DIP 6 
DIP switch 6 controls the charge/discharge function.  Set “ON” for charge, and “OFF” for discharge 
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3.2 Relay Contacts & their Applications 

3.2.1 Contacts 15, 16 & 18 
Contacts 15, 16, and 18 are used for electronic or visual notification of a change in state at the pump 
itself.  Contacts 15, 16, and 18 are used for more advanced applications because they are a changeover 
relay, their state may be the same as contacts 25, 28 or the opposite.  Both sets of contactors are 
triggered simultaneously.  An example is when in discharge mode, (see Figure 1). 

You have a gravity flow coming in so the fluid reaches the lower sensor PB1, contacts 15 and 18 are 
open (15 being common to both contact 16 and 18) contacts 25 and 28 are also normally open but 
contacts 15 16 in this current situation are closed, whether PB1 is wet or dry is of no concern all will stay 
the same.  The level now rises to PB2 and both relays change state, contacts 25 and 28 close to turn on 
the pump, contacts 15 and 16 are open, with 15 and 18 closed. 

In advanced applications this state change may be fed into a logic device to indicate the pump is running 
or the pump has stopped and perhaps light an LED or incandescent light source for visual confirmation 
that a change has occurred in the relay. 

3.2.2 Contacts 25 & 28 
Contacts 25 and 28 are used to control pump states.  Contacts 25 and 28 are mostly used for turning on 
motors via a starting relay or solenoid, so, these sets of contacts react to the rising or falling levels of the 
fluid inside the tank, they will operate to turn on a pump in discharge mode when the top sensor is wet 
and in charge mode turn on the pump when the bottom sensor is dry. 

4 Practical Overview 
4.1 Discharge Mode – DIP switch 6 set to “OFF” 
 

 

Figure 1 – Discharge Mode 

Figure 1 shows two probes, (PB1 connected to 
Lo and PB2 connected to Hi).  The pit is mostly 
underground and there is a gravity-fed inlet at the 
top left-hand side.  The pit is empty with PB1 
completely dry.  Dipswitch 6 is set to “OFF.” 

 

The relay operation depends on the electrical conductivity of liquid in the pit, i.e. no liquid = no current 
flow.  The level starts to rise and covers PB1. 

This is a discharge operation so we do not want the relay to close and start a pump until the well is full so 
as the water rises it reaches PB2, the relay closes and the pump starts.  The level now drops below PB2 
but the pump still continues to run, the level continues to drop below PB1 the relay opens the pump 
stops. 
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4.2 Charge Mode – DIP switch 6 set to “On” 
 

 
Figure 2 – Charge Mode 

Note: “C” is connected to common bonded earth.  The unit will not operate correctly if not earthed. 

Let’s look at the same relay but in a tank that is 
charging (DIP 6 is now on).  See Figure 3, where 
liquid is being pumped into a tank, and 
discharging through a gravity feed, the tank is on 
steel stands “x” metres above the ground. 

 
With the tank full, PB1 and PB2 will be wet, the relay is off, and the pump has stopped.  Water is slowly 
fed out from the bottom, and now as PB2 (HI) becomes dry nothing happens; the water now drops to 
below PB1 (Lo), and the pumps restarts to fill the tank. 

The pump will continue to fill the tank until PB2 (HI), becomes wet again. 

4.3 MTRA Relay with Alarm  (Discharge Applications Only) 

 

Figure 3 - MTRA Operation 
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The MTRA relay works in the same way as the MTR relay except the MTRA has a separate alarm output, 
and does not have a charge mode.  The planned application is to close a contact to illuminate a warning 
alarm light. .  Various other applications have included introducing a third probe to latch another relay. 

In Figure 2 we see three probes in a pit that is plastic, note the steel rod in the tank.  (In a plastic vessel a 
steel rod must be used to create an earth return in the liquid so probes can function.)  PB1, PB2, and PB3 
are dry, and the relay power LED is on.  When water enters the pit and wets PB1, nothing happens, water 
now reaches PB2 causing contacts 13 and 14 to close, the pump LED to light, and the water to drop. 

If, for example, the pump has its inlet partially blocked, the level continues to rise and wets PB3.  This 
closes a separate relay that can activate a red flashing light, an audible fog horn or send a 5 volt pulse 
into another device with the common cause to warn human beings that a spill is due to occur.  If the 
pumps become unclogged and PB3 becomes dry the alarm opens again and breaks the circuit that stops 
the light from flashing or the foghorn from sounding. 

5 Most Common Installation Problems 
The relay requires a path between the probes to earth through the liquid.  If you are testing in a plastic 
bucket, have installed the probe in a plastic tank or have no good earthing in the vessel you will need to 
install a separate earth and make sure all earth bonding comes back to the C terminal.  Most problems 
like these are traced back to a lack of or poor earthing, or open circuits in the probe wiring. 

Now is the time to check the relay by using “the bridge testing line technique” remember you must 
simulate a fluid flow to correctly ascertain a good relay or a bad one.  (All DIPswitch settings from 1 to 6 
should be off.) 

Cut two pieces of insulated flexible copper wire one black one red 250 mm long, strip both ends back 10 
mm on both cables, and join one black end and one red end.  Insert the joined ends into C on the relay 
box, observing all safe electrical practises.  You should have one black wire and one red wire free. 

Set your relay for discharge mode (DIP switch 6 is off) with no sensors connected to the unit, connect the 
red wire to Lo – nothing should happen (if it does return the relay for replacement or repair*).  Now 
connect the black wire to the Hi terminal the relay activated LED should light instantly (if it does not, the 
relay should be returned for repair*). 

6 Troubleshooting 
I have checked all the DIPswitches and settings 
but in discharge mode as soon as the bottom 
sensor gets wet the pump turns on then turns off 
almost straight away. 

• This is the most common problem encountered with relay set up 
and commissioning, the probe in the bottom of the tank is wired 
into the Hi terminal instead of the Lo terminal. 

The installation went fine but now and again the 
pump will not turn on even though I am sure the 
probe is wet. 

• Check the sensitivity level set on the relay, some times the level is 
set for foul water but due to changes in the flow the water 
becomes grey or clear, try changing the setting from 20KΩ to 
80KΩ and monitor the results carefully. 

All wiring is complete and all DIPswitches have 
been checked but the pump will not turn on at all. 

• If you have completed the test schedule for the relay and it passed 
then check the wiring to the sensors – for this is now where the 
problem lies or in the earthing arrangements.  If possible check 
the resistance between the sensor cable and the steel sensor on 
the probe to prove a solid connection. 

 
 
 

 

* Please contact your distributor or agent before returning any product for repair or warranty claim. 

MultiTrode Pty Ltd—Australia 
Ph: +61 7 3340 7000 
Fx: +61 7 3340 7077 

E-mail: sales@multitrode.com.au 

Sydney—Australia 
Ph: +61 2 9533 7735 
Fx: +61 2 9533 7790 

Visit www.multitrode.com.au for the latest information 

MultiTrode Inc—USA 
Ph: +1 561 994 8090 
Fx: +1 561 994 6282 

E-mail: sales@multitrode.net 
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This Manual is the support documentation for the installation, 
commissioning and operation of the 
 SafeSmart FSP Backup Controller 

 

Document No. 00242600 

Document Revision 1 

Last updated 2 June 2009 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTICE 

MULTITRODE® and MULTISMART® are registered trademarks of MultiTrode Pty Ltd in Australia, USA, and 
Europe. PUMPVIEW® is a registered trademark of MultiTrode Pty Ltd in the USA and Australia.  Designs 
registered for the MultiSmart Pump Controller Remote and Base Modules in Australia, USA, Europe and China. 
Patents pending in Australia, USA, and Europe. 
©2009 MultiTrode Pty Ltd. This publication is protected by copyright. No part of this publication may be 
reproduced by any process, electronic or otherwise, without the express written permission of MultiTrode Pty 
Ltd. 

.
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1 Warnings & Cautions 

1.1 Information to User 

Read this manual prior to installing or operating the SafeSmart–FSP Backup Controller.  It contains all the 
information necessary to configure it for maximum performance for your application. After reading, place the 
manual in a safe place for future reference. 

1.2 Documentation Standards 

 

DANGER: 
This symbol is used where non-compliance could result in injury or death. 

 

WARNING: 
This symbol is used where non-compliance could result in incorrect operation, damage to or 
failure of the equipment. 

 

NOTE: 
This symbol is used to highlight an issue or special case within the body of the manual. 

1.3 Installation Notes 

 
WARNING: 
The SafeSmart-FSP installation and wiring must be performed by qualified personnel. 

 

DANGER: 
The SafeSmart-FSP has no user serviceable parts. To reduce the risk of electric shock leave all 
servicing to qualified Multitrode technical staff. 

 

2 Introduction 
The SAFE-FSP Backup Controller is a solid-state electronic level control module housed in a hi-impact plastic 
case with a DIN rail attachment on the back.  It is used to control a pump (via a contactor or soft starter) in 
response to a liquid level sensor such as a MultiTrode probe. 

The FSP Controller can be used as the primary source of control for a single pump or as a backup control 
device (for a single pump) when the primary control equipment fails. When using an FSP Controller as a backup 
controller, it only controls the pump in response to high or low level signals from dedicated level sensors. 

A thermal sensor can be connected to the FSP Controller for pump protection. During operation, the LED 
indicators on the front panel display the current status including – Power, Pump On/Off, Level alarm, Thermal 
fault and Probe fault. 

The FSP Backup Controller is designed to be easy to install and configure. All connections are clearly labelled 
on the side of the device and options are configured using a set of Dip switches on the front of the Controller. 
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3 Specifications 

Dimensions 

Width 22.5mm  (7/8”) 

Height 101mm  (4”) 

Length (depth) 120mm   (4 ¾”) 

Environmental 

Ambient Temperature -10 to 60 °C  (14 to 140 °F) 

Humidity 5% to 90% non-condensing 

AC Power Supply 

Voltage Range 85 – 265V AC 

Frequency 50/60Hz 

Power 3.5W 

DC Power Supply 

Voltage Range 12 – 30V DC 

Current 0.15A max 

Relay Outputs 

Type Form A 

Current (Resistive) 5A 

Current (Inductive) 2A 

Voltage Rating DC 30V DC 

Voltage Rating AC 250V AC 

Thresholds* 

Thermal Fault Present > 4k ohms 

Thermal Fault Cleared < 2k ohms 

Thermal BU Input 0.15V DC 

Table 1 - SAFE-FSP Specifications 
* Where applicable, values include a 56 ohm series resistor on the thermal input. 
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4 Installation 
 
The FSP Backup Controller is designed to be mounted onto a standard DIN rail. The power supply, input and 
output connections are located on the top of the Controller housing. 
 
The features of the Controller are listed below and are discussed in the following sections. 
 

• Power Supply Options 
– Four Configurations 

• Operation Modes & Probe Inputs 
– Empty (Discharge) Mode 
– Fill (Charge) Mode 

• Level Alarm Fault 
– Level Alarm (AL Probe) 

• Pump Faults 
– Thermal Pump Fault 

• Probe Faults 
– Failsafe Probe Fault 
– Assumed Probe Fault 

• Digital Output and Pump Sensor Connection Options 
– Local or Remote Monitoring of Pump Status & Faults 
– MultiSmart Connections - Conductive Thermal Sensor 
– MultiSmart Connections - FLS Thermal Sensor 

• Manual (Hand) Operation 

• Alarm Activation and Deactivation Delays 

• Probe Sensitivity 

• LED Status Summary 

• DIP Switch Settings 
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5 Power Supply Options 
 

The FSP Controller can be supplied power in the following ways: 

• 85 – 240V AC Supply Only 

• 12 – 30V DC Supply Only 

• 85 – 240V AC with 12 – 14V DC as Backup  

• 15* – 30V DC with 85 – 240V AC as Backup 

* When the DC supply is 15V or greater, the DC supply is the primary source. 

A Power LED (steady green) indicates when the Controller is powered. If the LED flashes, supply voltage is too 
low. 
 

NOTE: 
If the power supply is below 24 VDC, the voltage alarm threshold is automatically set to 11.5 V.  If 
the supply is 24 VDC or above, the voltage alarm threshold is automatically set to 23 V. 

  
 

A switch or circuit-breaker and an over-current protection device must be included in the installation.  The 
protection device must be in close proximity to the equipment, within easy reach of the operator, and be marked 
as the protection device for the equipment. 

The input wiring and the switch/circuit-breaker/over-current device must be rated to at least the nominal input 
voltage being used.  The recommended current ratings are below. 

 

Unit Supply 
Range 

Recommended Switch/Circuit-
Breaker/Overcurrent 

Protection Device Rating 
Minimum Supply 

Wiring Rating 

85 - 180VAC 0.1A 0.1A 
180 - 265VAC 0.05A 0.05A 
12 – 20VDC 0.3A 0.3A 
20 – 30VDC 0.15A 0.15A 
Table 2 – Current Ratings 

 

 

NOTE: 
The MultiTrode probe uses an earth/ground return path for the signal. Ensure that the GROUND 
(DC-) terminal on the FSP Controller is also grounded. 
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6 Operation Modes & Probe Inputs 
 
The SafeSmart-FSP Backup Controller can be configured to operate in either Empty (Discharge) or Fill 
(Charge) mode. 

• Empty (Discharge) Mode - Dip Switch 1 = OFF 
• Fill (Charge) Mode  - Dip Switch 1 = ON 

The Controller has three (3) probe inputs, High, Low and Alarm. The Alarm probe input can be configured as a 
low or high level alarm. 

• High Level Alarm - Dip Switch  2 = OFF 

• Low Level Alarm - Dip Switch  2 = ON 

6.1 Empty (Discharge) Mode 

 

This mode is used to pump liquid out of a well once it reaches a preset level. (Figure 1)  In this mode the 
Controller operates as follows: 

• The pump activates when the liquid reaches the sensor in the high level probe. 

• The pump continues to operate until the liquid level drops below the low level probe and the pump 
deactivation period expires. 

• When a thermal fault occurs, the Pump Control output is deactivated regardless of the liquid level.  The 
pump stops, the Pump Fault output (DO1) is deactivated and the Thermal LED flashes. 

 

Figure 1 – Empty (Discharge) Mode 
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6.2 Fill (Charge) Mode 

 

This mode is used to fill up a well with liquid when the level falls to a preset level. (Figure 2)  In this mode the 
Controller operates as follows: 

• The pump activates when the liquid falls just below the sensor in the low level probe. 

• The pump continues to operate until the liquid level reaches the sensor in the high level probe and the 
pump deactivation period expires. 

• When a thermal fault occurs the Pump Control output deactivates regardless of the liquid level.  The 
pump stops, the Pump Fault output is deactivated and the Thermal LED flashes. 

 

 

Figure 2 - Fill (Charge) Mode  
 

7 Level Alarms (AL Probe) 
A conductive level sensor is connected to the AL Probe input to detect when the liquid level has risen above or 
fallen below an acceptable level. 

In Empty (Discharge) mode this is typically a high level alarm and is activated when the AL Probe input detects 
liquid and the activation delay has expired. 

In Fill (Charge) mode this is typically a low level alarm and is activated when the AL Probe input is no longer 
detecting level (i.e. the level has dropped below the sensor) and the activation delay has expired. 

When a level alarm is detected the Level Alarm output (DO1) changes state and the Level Alarm LED flashes at 
1Hz.  The Level Alarm/Pump Fault output can be used to operate an alarm device such as a beacon. 

The Level Alarm/Pump Fault output (DO1) can be configured as normally open or normally closed. 

• Normally Closed Output - Dip Switch 6 = OFF 

• Normally Open Output - Dip Switch 6 = ON 

 
NOTE: 
Dip Sw6 also has the same effect on the Probe/Failsafe Alarm output (DO3). 
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8 Thermal Pump Fault 
The FSP Controller can detect thermal and FLS thermal faults.  The FSP Controller can not detect a Seal fault. 
Types of sensors that maybe connected are FLS (Flygt Leakage Sensor), FLS10 or a thermal only sensor such 
as non-linear PTC thermistor or bi-metallic switch. 

A thermal sensor is connected as illustrated in Figure 3. No Dip Switch setting change is required. 

 

 

Figure 3 - Thermal Sensor Connection (Flygt and Non-Flygt Pumps) 
 

When a thermal fault is detected, the pump stops, (DO2 is deactivated), the Level Alarm / Pump Fault output 
(DO1) changes state and the Thermal Fault LED begins to flash. 

A thermal fault is automatically reset when the pump returns to normal operating temperature (i.e. the fault is no 
longer present). The flashing Thermal LED becomes steady and the pump is free to run. 

A manual acknowledgement is required to clear the Thermal LED. A manual acknowledgement is performed by 
momentarily connecting Ground/Earth to the Manual (Hand) terminal. See Figure 4 below. (Note, the 
pushbutton switch is not supplied). 
 

 

Figure 4 - Manual Thermal Fault Reset & Manual (Hand) Operation 
 
 
The Level Alarm/Pump Fault output (DO1) can be configured as normally open or normally closed. 

• Normally Closed Output - Dip Switch 6 = OFF 

• Normally Open Output - Dip Switch 6 = ON 

NOTE: 
Dip Sw6 also has the same effect on the Probe/Failsafe Alarm output (DO3). 
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9 Probe Faults 
The FSP Controller detects two types of probe faults, a Failsafe Probe fault and an Assumed Probe fault.  
When either fault is detected the Probe/Failsafe Alarm output (DO3) changes state. This output can be 
configured as normally open or normally closed. 
 

• Normally Closed Output - Dip Switch 6 = OFF 

• Normally Open Output - Dip Switch 6 = ON 
 

NOTE: 
Dip Sw6 also has the same effect on the Level Alarm/Pump Fault output (DO1). 

 

 

9.1 Failsafe Probe Fault 

MultiTrode probes are available with a failsafe connection to the top-most sensor to enable detection of a 
sensor fault.  If a broken cable is detected to the top-most sensor, the Probe/FailSafe fault output (DO3) 
changes state, the Probe Fault LED flashes and the pump stops. 

A Failsafe probe is typically used in discharge (empty) applications only.  By its very nature the probes used in a 
charge or fill application are covered, so for example if the low level alarm probe goes open circuit, a low level 
alarm would be present immediately. 
 

 

NOTE: 
If a non-failsafe probe is used, then a jumper must be connected between the Alarm Probe and the 
Failsafe Probe inputs to suppress erroneous probe faults. 

 

NOTE: 
When using single sensor probes, the Failsafe Probe input should be connected to the highest 
probe in the system. 

 
 

9.2 Assumed Probe Fault 

For an Empty (Discharge) application, if a High Level probe is activated and the Low Level probe is deactivated, 
then the Controller assumes the Low Level probe is faulty.  This condition is called an “Assumed Probe Fault” 
and the Probe Fault LED illuminates.  

The Controller changes its pumping behaviour to a timed method until the fault condition is no longer present.  
So the pump continues to run for 60s after the High Level probe has deactivated and during this time the Pump 
LED flashes. 

For a Fill (Charge) application, if a High Level probe is activated and the Low Level probe is deactivated, then 
the Controller assumes the Low Level probe is faulty.  This condition is called an “Assumed Probe Fault” and 
the Probe Fault LED illuminates. 

The Controller changes its pumping behaviour to a timed method until the fault condition is no longer present.  
So the Controller waits for 60 seconds after the High Level probe has deactivated then starts the pump, and 
during this time the Pump LED flashes. 
 
When an Assumed Probe fault occurs, the Probe/FailSafe fault output (DO3) changes state. 
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10 Digital Output and Pump Sensor Connection Options 

10.1 Local or Remote Monitoring of Pump Status & Faults 

The FSP Controller’s digital outputs can be wired into the inputs of a wide range of devices (e.g. a PLC, RTU or 
Dialler etc.) and the state of the pump monitored.  The valid states and what they signify are tabled below. 
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DO1 DO2 DO3 DO1 DO2 DO3 
0 0 0 - Off - 

0 0 1 - Off Y 

1 0 0 Y Off - 

1 0 1 Y Off Y 

0 1 0 - On - 

0 1 1 - On Y 

1 1 0 Y On - 

1 1 1 Y On Y 

Table 3 – FSP Controller Output States 
 
* Dip Sw 6 = On (Normally Open) 

 

10.2 MultiSmart and FSP Controller Thermal Sensor Options 

 

The FSP Controller can be used in conjunction with a MultiSmart Pump Station Manager. 

The MultiSmart is indirectly connected to the thermal sensor via a relay within the FSP Controller.  The 
Controller monitors this line and if it detects that the MultiSmart is no longer connected, the internal relay 
switches over and the FSP Controller drives the sensor. 

The Controller monitors the voltage on the Thermal BU input to the MultiSmart.  If the MultiSmart fails, the 
Controller takes over and controls the pump (but does not inhibit the MultiSmart pump control) and monitors for 
a thermal fault – thus providing backup control and thermal overload protection to the pump. 

 

10.2.1 MultiSmart Connections - Conductive Thermal Sensor 

 

The conductive thermal sensor is connected to the Thermal input.  The Thermal BU (backup) is connected to a 
digital input on the MultiSmart (configured as a Motor OverTemp fault). See Figure 5 below. 

The MultiSmart and FSP controller are both capable of responding to a thermal fault. When a thermal fault is 
detected, the pump stops, if running.  A Motor OverTemp fault is displayed on the MultiSmart and a thermal 
fault is displayed on the Controller.  The pump can not be restarted until the thermal fault clears. The FSP 
Controller automatically resets the fault when the fault condition is no longer present, this allows the pump to 
run again but only via the Controller  The fault must be reset at the MultiSmart before the MultiSmart is able to 
run the pump again. 
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Figure 5 –Thermal Sensor Connections to a MultiSmart 

10.2.2 MultiSmart Connections - FLS Thermal Sensor 

The FLS sensor is connected to the Thermal input. The Thermal BU is connected to a digital input on the 
MultiSmart (configured as an FLS fault). (See Figure 6 below). The FSP Controller is not able to detect a seal 
fault however the MultiSmart can.  

When an FLS thermal fault is detected, the pump stops, if running - shut down by the MultiSmart and/or the 
FSP Controller. An FLS Flygt Thermal fault is displayed on the MultiSmart and on the Controller. The pump can 
not be restarted until the thermal fault clears. The FSP Controller automatically resets the fault when the fault 
condition is no longer present, this allows the pump to run again but only via the Controller The fault must be 
reset at the MultiSmart before the MultiSmart is able to run the pump again. 

When an FLS Seal fault occurs the FSP Controller is unable to detect it however the MultiSmart can and will 
display an FLS Flygt Seal fault. By default, the MultiSmart allows the pump to continue to run when a seal fault 
occurs. 

 

Figure 6 - FLS Connections to a MultiSmart (Flygt Pump) 
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11 Manual (Hand) Operation 
A momentary action pushbutton (not supplied) may be connected to the Manual (Hand) input and used to 
operate the pump directly. (See Figure 7). Once pressed the pump begins to operate immediately irrespective 
of the liquid level. A second momentary action pushbutton switch is required to switch the pump off. It is 
connected across the Off input and Ground/Earth. 

 

WARNING: 
If operating the pump manually via the Manual (Hand) switch, the pump does NOT automatically 
turn off when the level falls below the low sensor. So ensure that the pump is switched off via the 
Pump Off switch before the level becomes critically low to avoid potential damage to the pump. 

 
Figure 7 – Manual Pump Operation – On & Off Switches 

12 Pump Activation and Deactivation Delays 
Activation delays are used to prevent spurious pump starts. The delay allows the level device to positively 
detect the liquid before operating the pump. 

There are two delay periods for Pump Activation delay: 

• 0.5 sec - Dip Switch 3 = OFF 
• 30 sec - Dip Switch 3 = ON 

There are two delay periods for Pump Deactivation delay: 

• 0.5 sec - Dip Switch 4 = OFF 
• 30 sec - Dip Switch 4 = ON 

13 Alarm Activation and Deactivation Delays 
Activation and Deactivation delays are used to prevent spurious level alarms. The delay allows the level device 
to positively detect the liquid before triggering the alarm. 

There are two delay periods: 

• 0.5 sec - Dip Switch 5 = OFF 
• 10 sec - Dip Switch 5 = ON 

This delay applies to both the alarm activation and deactivation delay. 

14 Probe Sensitivity 
The Controller is used in conjunction with a conductive level sensing device, such as the MultiTrode probe.  
Conductive probes rely on conductivity through the liquid to earth in order to detect level.  Highly conductive 
liquids, such as saltwater, generally require the Controller be set to a lower sensitivity than for low conductivity 
liquids, such as distilled water. 

For most applications, the default probe setting of 20k ohms is satisfactory but the Controller allows the 
operator to adjust its sensitivity as needed for specific conditions. The sensitivity is set using Dip Switches 7 and 
8. 
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Dip Sw 7 Dip Sw 8 Sensitivity Typical Application 
OFF OFF 1k ohm Concentrates Acids, Minerals, Alkalis 
ON OFF 4k ohm Acids, Alkalis, Diluted Brine, Sea Water
OFF ON 20k ohm Sullage, Sewage Effluent, Town Water 
ON ON 80k ohm Industrial Effluent, Purified Water* 

Table 4 - Probe Sensitivity 

* Not recommended for use with purified de-ionised water or pristine rain water. 

15 LED Status Summary 
Five LEDs on the front of the Controller indicate the power, level alarm, pump status, thermal and probe fault 
status of the Controller. 

LED Status Indication 
Power on Steady 

Power 
Low voltage Flashing 

Level Level alarm Flashing 
Pump on Steady 

Pump 
Activation delay period  Flashing 
Manual ack required Steady 
Thermal fault active Flashing Thermal 
Standalone locked mode* Flashing - Double 

P l 3 ffAssumed probe fault Steady 
Probe 

Failsafe probe fault ** Flashing 
Table 5 - LED Summary Status 

* In Standalone Locked mode the FSP Controller ignores the THERMAL BU input.  Standalone Locked mode 
occurs if the voltage on the THERMAL BU input is unstable (i.e. voltage is < 0.15V and > 6V in less than 0.5s 
for 30 seconds).  To exit Standalone Locked mode, press the Manual (Hand) button. 
 
** Failsafe probe fault has higher priority than Assumed probe fault. 

16 DIP Switch Settings 
The Controller is configured using the DIP switches located on the front of the enclosure. 

DIP # Setting Mode Description Section 
OFF Empty (Discharge) Mode 6 1 
ON Fill (Charge) Mode 6 
OFF High Level Alarm 6 2 
ON Low Level Alarm 6 
OFF 0.5 sec Pump Activation Delay 12 3 
ON 30 sec Pump Activation Delay 12 
OFF 0.5 sec Pump Deactivation Delay 12 4 
ON 30 sec Pump Deactivation Delay 12 
OFF 0.5 sec Alarm Activation & 

D i i D l
13 5 

ON 10 sec Alarm Activation & 
D i i D l

13 
OFF N/C (Normally Closed) (DO3 & DO1) 7,8,9 6 
ON N/O (Normally Open) (DO3 & DO1) 7,8,9 

7 8 Probe Sensitivity 14 
OFF OFF 1k ohm  
ON OFF 4k ohm  
OFF ON 20k ohm  
ON ON 80k ohm  

Table 6 - Dip Switch Settings 
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17 Example Applications 

17.1 Backup Operation 

Following is an example an empty (discharge) application using the FSP Controller as backup to a pump 
controller (the primary control device). In this configuration the FSP Controller does not control the pump until 
the High Level probe is covered which should only occur if the pump controller fails. 
If the level continues to rise and it reaches the Alarm probe, a high level alarm is tripped. This indicates that the 
pump for whatever reason is unable to cope and the level has risen to an excessively high level (and overflow is 
possibly imminent). 
The Alarm and High Level probes are positioned higher than the highest activation point used by the pump 
controller. 

 

Figure 8 - Example of a Backup Application 
 
If the pump controller is located at a site with no telemetry, a low level alarm could be configured (rather than a 
high level alarm). If the alarm trips, it indicates (by means of say a beacon) that the primary pump controller has 
most likely failed. However in this case no further alarm can be generated by the FSP Controller to indicate an 
excessively high level has been reached. 

 

 
NOTE: 
The actual probe position is at the discretion of the end user, the only requirement for a discharge 
(empty) application is that the high probe must be positioned higher than the (highest*) activation 
setpoint. (* In some pump controllers, more then one activation setpoint may be defined). 
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17.2 Dual Thermal Fault Monitoring (with MultiSmart) 

The following wiring diagram (Figure 9), illustrates an application where the FSP Controller and a MultiSmart 
pump controller operate in parallel. 

The thermal sensor is connected to the FSP Controller and the Thermal Bu input is connected to the 
MultiSmart. This allows both devices to act on a thermal fault. 

If a seal sensor is present it is connected to the MultiSmart. 

 

Figure 9 – Dual Thermal Fault Monitoring 
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17.3 Simplex Pump Controller 

In this example the FSP Controller is configured as the primary pump controller for a single pump. The FSP 
Controller takes no action until the High Level probe is covered.  When it is covered, the Pump Control output 
(DO2) closes turning on the pump. 

When the Alarm Level probe is covered, a high level alarm is generated and the Level Alarm/Pump Fault output 
(DO1) changes state. 

The FSP Controller monitors the thermal sensor. If a seal sensor is present it is not connected to the FSP 
Controller. 

The FSP Controller and associated probes can control a maximum of one pump. The wiring is illustrated in 
Figure 10 below. 

 

Figure 10 - Simplex Pump Controller 
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18 Backup Controller SAFE-FSP Label 

 

Figure 11 – SafeSmart SAFE-FSP Label. 
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MultiTrode Pty Ltd—UK Operations 
Ivybridge, Devon 

 
Tel: +44 1752 547355 
Fax: +44 1752 894615 

 
E-mail:UKsales@multitrode.com 

MultiTrode Pty Ltd—Head Office 
Brisbane Technology Park 

18 Brandl Street 

PO Box 4633 
Eight Mile Plains Qld 4113 

Ph: +61 7 3340 7000 
Fx: +61 7 3340 7077 

E-mail: AUsales@multitrode.com 

MultiTrode Inc—USA 
Unit 3, 990 South Rogers Circle 

Boca Raton Florida 33487 

Tel: +1 561 994 8090 
Fax: +1 561 994 6282 

 
E-mail: USsales@multitrode.net 

Visit www.multitrode.com for the latest information 
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Conductivity Switch Amplifier
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Connection

Assembly

� 1-channel signal conditioner

� 230 V AC supply

� Level sensing input

� Adjustable range 5 k ... 150 k

� Relay contact output

� Minimum/maximum control

Function

This signal conditioner provides the AC measuring voltage for
the level-sensing electrodes.

Once the measured medium reaches the electrodes, the unit
reacts by energizing a form C changeover relay contact.

The module is voltage and temperature stabilized and
guarantees defined switching characteristics. An electronic
holding circuit is used that allows minimum/maximum control.
Since the conductance of the media may vary, the relay
response sensitivity is adjustable.

The normal output state can be reversed through the mode of
operation switch S1.

Features

ÔÛÜ §»´´±©æ

Î»´¿§ ±«¬°«¬

ÔÛÜ ¹®»»²æ

Ð±©»® «°°´§

Î»³±ª¿¾´» ¬»®³·²¿´

¹®»»²

Î»³±ª¿¾´» ¬»®³·²¿´

¹®»»²

Ð±¬»²¬·±³»¬»®
Î»°±²» »²·¬·ª·¬§

Ú®±²¬ ª·»©

Í©·¬½¸ Íï

Ó±¼» ±º ±°»®¿¬·±²
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Technical data KFA6-ER-1.6

Í«¾¶»½¬ ¬± ®»¿±²¿¾´» ³±¼·º·½¿¬·±² ¼«» ¬± ¬»½¸²·½¿´ ¿¼ª¿²½»ò Ý±°§®·¹¸¬ Ð»°°»®´õÚ«½¸ô Ð®·²¬»¼ ·² Ù»®³¿²§

Ð»°°»®´õÚ«½¸ Ù®±«° ¡ Ì»´òæ Ù»®³¿²§ õìçóêîïóééêóð ¡ ËÍß õïóííðóìîëíëëë ¡ Í·²¹¿°±®» õêëóêéóéççðçï ¡ ×²¬»®²»¬ ©©©ò°»°°»®´óº«½¸ò½±³ 2

General specifications

Signal type Digital Input

Supply

Connection terminals 11 (L1), 12 (N)

Rated voltage 207 ... 253 V AC, 45 ... 65 Hz

Power consumption approx. 0.8 W

Input

Connection terminals 1 (mass), 2 (min), 3 (max)

Open circuit voltage/short-circuit current approx. 10 V AC (approx. 1 Hz) / approx. 5 mA

Control input min./max. control system: terminals 1, 2, 3

on/off control system: terminals 1, 3

Response sensitivity 5 ... 150 k , adjustable via potentiometer (20 turns)

Output

Connection terminals 7, 8, 9

Output 1 changeover contact

Contact loading 253 V AC/2 A/cos > 0.7; 40 V DC/2 A resistive load

Energized/De-energized delay approx. 1 s / approx. 1 s

Electrical isolation

Input/Output basic insulation according to EN 50178, rated insulation voltage 253 Veff

Input/power supply basic insulation according to EN 50178, rated insulation voltage 253 Veff

Output/power supply basic insulation according to EN 50178, rated insulation voltage 253 Veff

Directive conformity

Electromagnetic compatibility

Directive 2004/108/EC EN 61326-1:2006

Low voltage

Directive 2006/95/EC EN 50178:1997

Conformity

Insulation coordination EN 50178:1997

Electrical isolation EN 50178:1997

Electromagnetic compatibility NE 21:2006

Protection degree IEC 60529:2001

Ambient conditions

Ambient temperature -20 ... 60 °C (-4 ... 140 °F)

Mechanical specifications

Protection degree IP20

Connection screw connection, max. 2.5 mm2

Mass approx. 110 g

Dimensions 20 x 107 x 115 mm (0.8 x 4.2 x 4.5 in) , housing type B1

Mounting on 35 mm DIN mounting rail acc. to EN 60715:2001

Indication and operation

Controls switch S1

Position I open circuit current: In the open circuit current principle, the relay becomes active when the limit is

reached.

Position II closed circuit current: In closed circuit current principle, the relay is activated when power is applied.

The relay is deactivated when the limit is reached.

General information

Supplementary information Statement of Conformity, Declaration of Conformity, Attestation of Conformity and instructions have to be

observed where applicable. For information see www.pepperl-fuchs.com.
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ï ï ð Ýß éóÐßóïð

î ï ï ÝÍ éóÐßóïï

î î ð Ýß éóÐßóîð

ì÷ Ì©± ·¼»ó³±«²¬ ¿«¨·´·¿®·» °»® ½±²¬¿½¬±® ±²´§ ø±²» ±² »¿½¸ ·¼»÷ò

Í·¼» ú ¬±° ¿«¨·´·¿®§ ½±²¬¿½¬ ¾´±½µ ½¿² ¾» «¬·´·»¼ ¬±¹»¬¸»®ò

ê

Ú±® »¨¬»²¼»¼

®¿²¹» ®»º»® ¬± ÒØÐ

Ð¿®¬ ß ½¿¬¿´±¹«»

Ú±® »¨¬»²¼»¼

®¿²¹» ®»º»® ¬± ÒØÐ

Ð¿®¬ ß ½¿¬¿´±¹«»
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Í°¿®» Ý±·´

Ýß é Ý±²¬¿½¬±® � ß½½»±®·» ú Í°¿®»

Ý±·´ ª±´¬¿¹» Ì± «·¬ Ý¿¬ò Ò±ò

îì Ê ßÝ

Ýß éóç ¬± Ýßóïê Ýß ÝéóïêóîìÊóßÝ

Ýß éóîí ¬± Ýß éóíé Ýß ÝéóíéóîìÊóßÝ

Ýß éóìí Ýß ÝéóìíóîìÊóßÝ

Ýß éóêð ¬± Ýß éóèë Ýß ÝéóèëóîìÊóßÝ

Ýßéóçé ÝßÝéóçéóîìÊóßÝ

ïïð Ê ßÝ

Ýß éóç ¬± Ýß óïê Ýß ÝéóïêóïïðÊóßÝ

Ýß éóîí ¬± Ýß éóíé Ýß ÝéóíéóïïðÊóßÝ

Ýß éóìí Ýß ÝéóìíóïïðÊóßÝ

Ýß éóêð ¬± Ýß éóèë Ýß ÝéóèëóïïðÊóßÝ

Ýßéóçé ÝßÝéóçéóïïðÊóßÝ

îìð Ê ßÝ

Ýß éóç ¬± Ýß óïê Ýß ÝéóïêóîìðÊóßÝ

Ýß éóîí ¬± Ýß éóíé Ýß ÝéóíéóîìðÊóßÝ

Ýß éóìí Ýß ÝéóìíóîìðÊóßÝ

Ýß éóêð ¬± Ýß éóèë Ýß ÝéóèëóîìðÊóßÝ

Ýßéóçé ÝßÝéóçéóîìðÊóßÝ

ìïë Ê ßÝ

Ýß éóç ¬± Ýßóïê Ýß ÝéóïêóìïëÊóßÝ

Ýß éóîí ¬± Ýß éóíé Ýß ÝéóíéóìïëÊóßÝ

Ýß éóìí Ýß ÝéóìíóìïëÊóßÝ

Ýß éóêð ¬± Ýß éóèë Ýß ÝéóèëóìïëÊóßÝ

Ýßéóçé ÝßÝéóçéóìïëÊóßÝ

é

Ú±® »¨¬»²¼»¼

®¿²¹» ®»º»® ¬± ÒØÐ

Ð¿®¬ ß ½¿¬¿´±¹«»

Ú«²½¬·±² Ü»½®·°¬·±² Ý¿¬ò Ò±ò

°²»«³¿¬·½ ±²ó¼»´¿§ ¬·³»® ¬·³» ®¿²¹»

ðòí ó íð »½±²¼ ÝÆ Ûóéóíð

ïòè ó ïèð »½±²¼ ÝÆ Ûóéóïèð

Ì·³» ®¿²¹»

ðòí ó íð »½±²¼ ÝÆßóéóíð

ïòè ó ïèð »½±²¼ ÝÆßóéóïèð

³»½¸¿²·½¿´ ·²¬»®´±½µ ·²¬»®´±½µ ±²´§ ÝÓé

×²¬»®´±½µ ©·¬¸ î ¨ ÒñÝ ÝÓéóðî

»´»½¬®±²·½ ÐÔÝ ·²¬»®º¿½» ï÷ Ü·¹·¬¿´ ·²°«¬

ïè ó íð Ê ÜÝ øïð ó ïë³ß÷ ÝÎ×óéÛ

ï÷ Í«·¬¿¾´» º±® ½±²¬®±´ ª±´¬¿¹» ¾»¬©»»² ïïð ¿²¼ îìð Ê ßÝò
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Þ·óÓ»¬¿´ Ì¸»®³¿´ Ñª»®´±¿¼

ÝÌ éÒ

¬¿²¼¿®¼ ³±¬±® «° ¬± çë µÉ

±ª»®´±¿¼ ½«®ª»

íó°¸¿» ¿°°´·½¿¬·±²ò

ß°°®±¨ò

³±¬±® ·¦» øµÉ÷
Ì± «·¬ ½±²¬¿½¬±® Ý¿¬ò Ò±ò

ó Ýß éóç ¬± Ýß éóîí ÝÌ éÒóîíóßïê

ó Ýß éóç ¬± Ýß éóîí ÝÌ éÒóîíóßîë

ðòðê ±® ðòðç Ýß éóç ¬± Ýß éóîí ÝÌ éÒóîíóßìð

ðòðç ±® ðòïî Ýß éóç ¬± Ýß éóîí ÝÌ éÒóîíóßëð

ðòïè Ýß éóç ¬± Ýß éóîí ÝÌ éÒóîíóßêí

ðòïè ±® ðòîë Ýß éóç ¬± Ýß éóîí ÝÌ éÒóîíóßèð

ðòîë Ýß éóç ¬± Ýß éóîí

ðòíé Ýß éóç ¬± Ýß éóîí

ðòëë Ýß éóç ¬± Ýß éóîí

ðòëë ±® ðòéë Ýß éóç ¬± Ýß éóîí

ðòéî ±® ïòï Ýß éóç ¬± Ýß éóîí

ïòï Ýß éóç ¬± Ýß éóîí

ïòë Ýß éóç ¬± Ýß éóîí

îòî Ýß éóç ¬± Ýß éóîí

îòî Ýß éóç ¬± Ýß éóîí

ó Ýß éóç ¬± Ýß éóîí

íòé Ýß éóç ¬± Ýß éóîí ÝÌ éÒóîíóÝïð

ëòë Ýß éóïî ¬± Ýß éóîí ÝÌ éÒóîíóÝïî

ëòë Ýß éóïê ¬± Ýß éóîí ÝÌ éÒóîíóÝïê

éòë Ýß éóïê ¬± Ýß éóîí ÝÌ éÒóîíóÝîð

ó Ýß éóïê ¬± Ýß éóîí ÝÌ éÒóîíóÝîï

ïï Ýß éóïê ¬± Ýß éóîí ÝÌ éÒóîíóÝîë

éòë Ýß éóíð ¬± Ýß éóíé ÝÌ éÒóíéóÝîð

ïï Ýß éóíð ¬± Ýß éóíé ÝÌ éÒóíéóÝîï

ïï Ýß éóíð ¬± Ýß éóíé ÝÌ éÒóíéóÝîë

ïë Ýß éóíð ¬± Ýß éóíé ÝÌ éÒóíéóÝíð

ïèòë Ýß éóíð ¬± Ýß éóíé ÝÌ éÒóíéóÝíê

ïèòë Ýß éóíð ¬± Ýß éóíé ÝÌ éÒóíéóÝíè

ïï Ýß éóìí ÝÌ éÒóìíóÝîë

ïë ±® ïèòë Ýß éóìí ÝÌ éÒóìíóÝíê

ïèòë ±® îî Ýß éóìí ÝÌ éÒóìíóÝìé

ïèòë ±® îî Ýß éóêð ¬± Ýß é óçé ÝÌ éÒóèëóÝìé

íð Ýß éóêð ¬± Ýß é óçé ÝÌ éÒóèëóÝêð

íé Ýß éóêð ¬± Ýß é óçé ÝÌ éÒóèëóÝéë

ìë Ýß éóêð ¬± Ýß é óçé ÝÌ éÒóèëóÝçð

º«´´ ´±¿¼ ½«®®»²¬

¿²¼ ³¿¬½¸ ·¬ ¬± ¬¸» �Ó±¬±® Ý«®®»²¬ Î¿²¹» øß÷�ò ß´± »²«®» ¬¸» ±ª»®´±¿¼ »´»½¬»¼ «·¬ ¬¸» 

Ýß é ½±²¬¿½¬±®ò

è
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Û´»½¬®±²·½ Ñª»®´±¿¼ º±® íóÐ¸¿» ³±¬±®

Û´»½¬®±²·½ Ñª»®´±¿¼ º±® íóÐ¸¿» Ó±¬±®

Ñª»®´±¿¼ ß½½»±®·»

ß°°®±¨ò ³±¬±® µÉ ®¿²¹»
Ó±¬±® ½«®®»²¬

®¿²¹» øß÷
Ì± «·¬ ½±²¬¿½¬±® Ý¿¬ò Ò±ò

ðòðî ¬± ðòïî ðòï ¬± ðòë Ýß éóç ¬± Ýß éóîí

ðòðê ¬± ðòîë ðòî ¬± ï Ýß éóç ¬± Ýß éóîí

ðòîë ¬± îòî ï ¬± ë Ýß éóç ¬± Ýß éóîí

ïòë ¬± éòë íòî ¬± ïê Ýß éóç ¬± Ýß éóîí

îòî ¬± ïë ëòì ¬± îé Ýß éóç ¬± Ýß éóîí

±«¬°«¬

®¿²¹»

³±¬±®ò

±«¬°«¬
ø¼·° ©·¬½¸»÷ò

ß°°®±¨ò ³±¬±®

µÉ ®¿²¹» ï÷

Ó±¬±® ½«®®»²¬

®¿²¹» øß÷
Ì± «·¬ ½±²¬¿½¬±® Ý¿¬ò Ò±ò

ðòðî ¬± ðòïî ðòï ¬± ðòë Ýß éóç ¬± Ýß éóîí

ðòðê ¬± ðòîë ðòî ¬± ï Ýß éóç ¬± Ýß éóîí

ðòîë ¬± îòî ï ¬± ë Ýß éóç ¬± Ýß éóîí

ïòë ¬± éòë íòî ¬± ïê Ýß éóç ¬± Ýß éóîí

îòî ¬± ïë ëòì ¬± îé Ýß éóç ¬± Ýß éóîí

îòî ¬± ïë ëòì ¬± îé Ýß éóíð ¬± Ýß éóìí ÝÛÐéóÛÛÛÜ

ì ¬± îî ç ¬± ìë Ýß éóíð ¬± Ýß éóìí ÝÛÐéóÛÛÚÜ

ïï ¬± ìë ïè ¬± çð Ýß éóêð ¬± Ýß éóçé ÝÛÐéóÛÛÙÛ

îî ¬± ëë êð ¬± ïîð Ýß éóíð ¬± Ýß éóçé ÝÛÐéóÛÛÊÛ

Ú«²½¬·±² Ü»½®·°¬·±² Ì± «·¬ ±ª»®´±¿¼ Ý¿¬ò Ò±ò

Î»³±¬» ®»»¬ ³±¼«´»
Ú±® ®»³±¬» ®»»¬ ¿º¬»® ¿²

±ª»®´±¿¼ ¬®·°
ÝÌ éÒ Î¿²¹» ÝÓÎéÒîìðÊßÝ ï÷

Î»³±¬» ®»»¬ ³±¼«´»
Ú±® ®»³±¬» ®»»¬ ¿º¬»® ¿²

±ª»®´±¿¼ ¬®·°
ÝÛÐ éóÛÛ Î¿²¹» ÝÛÐéóÛÎÎ

ÝÛÐéóÛÎÎ
Í·¼» Ó±«²¬
ß½½»±®§

ÝÌéÒ
Ú®±²¬ Ó±«²¬
ß½½»±®§

ï÷ Ý¸¿²¹» ½±²¬®±´ ª±´¬¿¹» ¬± Ý¿¬ò ²±òô ©¸»² ±®¼»®·²¹ îìô ïïð ßÝ ±® îìô ìè ÜÝò

ï÷ Î»º»® ¬± ÒØÐ Ð¿®¬ ß º±® ¸·¹¸»® µÉ ®¿¬·²¹ò

ç
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ïò Í»´»½¬ Û²½´±«®» Ì§°» ©·¬¸ Ýß é Ý±²¬¿½¬±®

îßò Í»´»½¬ Û´»½¬®±²·½ Ñª»®´±¿¼ ¬± Í«·¬

îÞò Í»´»½¬ Ì¸»®³¿´ Þ·óÓ»¬¿´ Ñª»®´±¿¼

Ì± ½¸±±» §±«® ¾·ó³»¬¿´ ¬¸»®³¿´ ±ª»®´±¿¼ô ½¸»½µ ¬¸» ³±¬±® ²¿³» °´¿¬» º±® ¬¸» º«´´ ´±¿¼ ½«®®»²¬

¿²¼ ³¿¬½¸ ·¬ ¬± ¬¸» �³±¬±® ½«®®»²¬ ®¿²¹» øß÷�ò ß´± »²«®» ¬¸» ±ª»®´±¿¼ »´»½¬»¼ «·¬ ¬¸» 

Ýß é ½±²¬¿½¬±®ò

µÉ ®¿²¹»
Ý±²¬¿½¬±® ¬§°» ÜÑÔ »¬¬·²¹ ®¿²¹» Ý¿¬ò Ò±ò ï÷

×²«´¿¬»¼ »²½´±«®» ©·¬¸ ¹®»»² ¬¿®¬ ¿²¼ ®»¼ ¬±° ¾«¬¬±²

ëòë Ýß éóïî ðòï ¬± ïê ÝßÌéÒóëòëÐóîìðóÊóßÝ

éòë Ýß éóïê íòî ¬± ïéòë ÝßÌéÒóéòëÐóîìðÊóßÝ

×²«´¿¬»¼ »²½´±«®» ©·¬¸ ¾´«» ®»»¬ ¾«¬¬±² ±²´§

ëòë Ýß éóïî ðòï ¬± ïê ÝßÌéÒóëòëÎóîìðóÊóßÝ

éòë Ýß éóïê íòî ¬± ïéòë ÝßÌéÒóéòëÎóîìðÊóßÝ

×²«´¿¬»¼ »²½´±«®» ©·¬¸ ¹®»»² ¬¿®¬ ¿²¼ ®»¼ ³«¸®±±³ ¬±° ¾«¬¬±²

ëòë Ýß éóïî ðòï ¬± ïê ÝßÌéÒóëòëÐÓóîìðóÊóßÝ
ï÷ Ú±® íó°¸¿» ª±´¬¿¹»ô ¿¼¼ ìïë ·² °´¿½» ±º îìðò

ß°°®±¨ò ³±¬±® µÉ ®¿²¹» Ó±¬±® ½«®®»²¬ ®¿²¹» øß÷ Ý¿¬ò Ò±ò

ðòðî ¬± ðòïî ðòï ¬± ðòë

ðòðê ¬± ðòîë ðòî ¬± ï

ðòîë ¬± îòî ï ¬± ë

ïòë ¬± éòë íòî ¬± ïê

îòî ¬± ïë ëòì ¬± îé

ß°°®±¨ò ³±¬±® µÉ ®¿²¹» Ó±¬±® ½«®®»²¬ ®¿²¹» øß÷ Ý¿¬ò Ò±ò

ó ðòï ¬± ðòïê ÝÌéÒóîíóßïê

ó ðòïê ¬± ðòîë ÝÌéÒóîíóßîë

ó ðòîë ¬± ðòìð ÝÌéÒóîíóßìð

ó ðòíë ¬± ðòëð ÝÌéÒóîíóßëð

ðòïí ¬± ðòïè ðòìë ¬± ðòêí ÝÌéÒóîíóßêí

ðòïë ¬± ðòîë ðòëë ¬± ðòèð ÝÌéÒóîíóßèð

ðòîí ¬± ðòíì ðòéë ¬± ïòð

ðòí ¬± ðòìè ðòç ¬± ïòí

ðòíè ¬± ðòêë ïòï ¬± ïòê

ðòëî ¬± ðòè ïòì ¬± îòð

ðòéî ¬± ïòï ïòè ¬± îòë

ï ¬± ïòì îòí ¬± íòî

ïòí ¬± ïòé îòç ¬± ìòð

ïòê ¬± îòî íòë ¬± ìòè

î ¬± îòè ìòë ¬± êòí

îòë ¬± íòë ëòë ¬± éòë

íòí ¬± ë éòî ¬± ïð ÝÌéÒóîíóÝïð

ìòí ¬± ê ç ¬± ïîòë ÝÌéÒóîíóÝïî

ëòî ¬± è ïïòí ¬± ïê ÝÌéÒóîíóÝïê

ïð
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ÛßÍÇ ÍÛÔÛÝÌ×ÑÒ ÙË×ÜÛæ

ÒØÐ ¸¿ª» ¼»ª»´±°»¼ ¿ ¾®±½¸«®» ¿²¼ ¿ ®¿¬·²¹ ½¸¿®¬ ¬± »²«®»

§±«® ·²¼«¬®·¿´ ½±²¬®±´ ²»»¼ ¿®» ³»¬ °®±³°¬´§ ¿²¼ »ºº±®¬´»´§ò

Í°®»½¸»® õ Í½¸«¸ Î¿¬·²¹ Ý¸¿®¬ ¿²¼ Í°®»½¸»® É¸»»´

Î¿¬·²¹ Ý¸¿®¬ ·²½´«¼»æ

Ý´»¿® °·½¬«®» ±º »²¬·®»

Í°®»½¸»® õ Í½¸«¸ ½±²¬¿½¬±® ®¿²¹»

Û¿§ ´±±µó«° ¬¿¾´» º±® ±ª»®´±¿¼

³¿¬½¸·²¹ ½±®®»°±²¼·²¹ ½±²¬¿½¬±®

½¸±»²

Ý±³°´»¬» ®¿¬·²¹ ø½«®®»²¬ ú ³±¬±®

¬¿®¬»® ®¿¬·²¹ô ½¿°¿½·¬±® ©·¬½¸·²¹ ¿²¼

³»½¸¿²·½¿´ô »´»½¬®·½¿´ ¿²¼ ½±·´ ¼¿¬¿÷

Õ»»° ¬¸» ½¸¿®¬ ¸¿²¼§ ¬± ³¿µ» §±«®

»´»½¬·±² °®±½» ¯«·½µ ¿²¼ »¿§ò

É

Í°®»½¸»® É¸»»´æ

¬¸®»» °¸¿» ³±¬±® ½±²¬®±´ ¿²¼

°®±¬»½¬·±²

±² ¬¸» º®±²¬ ±º ¬¸» ©¸»»´ ¿²¼

²±¬·½» ¸±© »¿§ ·¬ · ¬± «»

·¬ ©¸»®» »ª»® §±« ¹±ò

ÝÑÒÌßÝÌÑÎ ÍÛÔÛÝÌ ×ÐØÑÒÛ ßÐÐ

×º §±« ´·µ» ¬¸» Í°®»½¸»® É¸»»´ô ³¿µ»

«®» §±« ¼±©²´±¿¼ ¬¸» ÒØÐ ·Ð¸±²»

ß°° ½¿´´»¼ �Ý±²¬¿½¬±® Í»´»½¬� ©¸·½¸ · 

«½¸ ¿ �±²» ½´·½µ� ±®¼»®·²¹ ¿²¼ »®ª·½» 

«°°±®¬ò

ÒÑÉ ßÊß×ÔßÞÔÛ ÑÒ ÌØÛ ×ÌËÒÛÍ ßÐÐ ÍÌÑÎÛ

ÒÑÉ ÑÎ ßÌ ÒØÐòÝÑÓòßËò

ïï
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ÒØÐ Û´»½¬®·½¿´ Û²¹·²»»®·²¹ Ð®±¼«½¬ Ð¬§ Ô¬¼
ßòÞòÒò èì ððì íðì èïî

ÒØÐÒÌËÍÐÎÛÝØÛÍÙ w Ý±°§®·¹¸¬ ÒØÐ îðïï

ßËÍÌÎßÔ×ß
²¸°ò½±³ò¿«

ïíðð ÒØÐ ÒØÐ

Ê×ÝÌÑÎ×ß

Ó»´¾±«®²»

ìíóêé Î·ª»® Í¬®»»¬

Î·½¸³±²¼

Ê×Ý íïîï

Ì»´ õêï í çìîç îççç

Ô¿ª»®¬±²

ïðìóïðê

É·´´·¿³ ß²¹´· Ü®·ª»

Ô¿ª»®¬±² Ò±®¬¸

Ê×Ý íðîê

Ì»´ õêï í çíêè îçðï

ß´¾«®§ ñ É±¼±²¹¿

èìé Î¿³¼»² Ü®·ª»

ß´¾«®§

ÒÍÉ îêìð

Ì»´ õêï î êðìç ðêðð

Ü¿²¼»²±²¹

ìðóìî Ý§¾»® Ô±±°

Ü¿²¼»²±²¹ Í±«¬¸

Ê×Ý íïéë

Ì»´ õêï í èééí êìðð

ÌßÍÓßÒ×ß

Ø±¾¿®¬

îñêë ß´¾»®¬ Í¬®»»¬

Ó±±²¿¸

ÌßÍ éððç

Ì»´ õêï í êîîè çëéë

Ô¿«²½»¬±²

íñïíóïé Ó»®·²± Í¬®»»¬

Õ·²¹ Ó»¿¼±©

ÌßÍ éîìç

Ì»´ õêï í êíìë îêðð

ÒÛÉ ÍÑËÌØ ÉßÔÛÍ

Í§¼²»§

íðóíì Ü¿§ Í¬®»»¬ Ò±®¬¸

Í·´ª»®©¿¬»®

ÒÍÉ îïîè

Ì»´ õêï î çéìè íììì

Ò»©½¿¬´»

ëéë Ó¿·¬´¿²¼ Î±¿¼

ÒÍÉ îíðì

Ì»´ õêï î ìçêð îîîð

Ý¿³°¾»´´¬±©²

îñè Î±» Í¬®»»¬

Ý¿³°¾»´´¬±©²

ÒÍÉ îëêð

Ì»´ õêï î ìêîð ìíïï

ßÝÌ

Ý¿²¾»®®¿

ïñïèé Ù´¿¼¬±²» Í¬®»»¬

Ú§¸©·½µ

ßÝÌ îêðç

Ì»´ õêï î êîèð çèèè

ÉÛÍÌÛÎÒ ßËÍÌÎßÔ×ß

Ð»®¬¸

íè Þ»´³±²¬ ßª»

Î·ª»®ª¿´»

Éß êïðí

Ì»´ õêï è çîéé ïééé

ÒÑÎÌØÛÎÒ

ÌÛÎÎ×ÌÑÎÇ

Ü¿®©·²

í Í¬»»´» Í¬®»»¬

É·²²»´´·»

ÒÌ ðèîð

Ì»´ õêï è èçìé îêêê

ÏËÛÛÒÍÔßÒÜ

Þ®·¾¿²»

ïê Î·ª»®ª·»© Ð´¿½»

Ó«®¿®®·»

ÏÔÜ ìïéî

Ì»´ õêï é íçðç ìççç

Ì±©²ª·´´»

ë Ô»§´¿²¼ Í¬®»»¬

Ù¿®¾«¬¬

ÏÔÜ ìèïì

Ì»´ õêï é ìééç ðéðð

Î±½µ¸¿³°¬±²

ïì Î±¾·±² Í¬®»»¬

ÏÔÜ ìéðï

Ì»´ õêï é ìçîé îîéé

Ì±±©±±³¾¿

Ý²® Ý¿®®±´´ Í¬®»»¬ ¿²¼

Í¬®«¿² Ý±«®¬

ÏÔÜ ìíëð

Ì»´ õêï é ìêíì ìéçç

Ý¿·®²

îñï Þ®¿³° Ý´±»

Ð±®¬³·¬¸

ÏÔÜ ìèéð

Ì»´ õêï é ìðíë êèèè

ÍÑËÌØ ßËÍÌÎßÔ×ß

ß¼»´¿·¼»

íêóíè Ý®±§¼±² Î±¿¼

Õ»©·½µ

Íß ëðíë

Ì»´ õêï è èîçé çðëë

ÒÛÉ ÆÛßÔßÒÜ
²¸°ó²¦ò½±³

ðèðð ÒØÐ ÒØÐ

ÐÑ Þ±¨ êîóððç

Ó±«²¬ É»´´·²¹¬±²

ß«½µ´¿²¼ ïêìï

Ò»© Æ»¿´¿²¼

ß«½µ´¿²¼

é Ô±½µ¸¿®¬ Ð´¿½»

Ó¬ É»´´·²¹¬±² ïðêð

Ì»´ õêì èðð êçë íêì

Ò¿°·»®

ïîê Ì¿®¿¼¿´» Î¼

Ñ²»µ¿©¿ ìïïð

Ì»´ õêì èðð êçë íêì

Ò»© Ð´§³±«¬¸

î Ü»¿² Ð´¿½»

É¿·©¸¿µ¿·¸± ìíïî

Ì»´ õêì èðð êçë íêì

É»´´·²¹¬±²

ëî Ê·½¬±®·¿ Í¬®»»¬

Ô±©»® Ø«¬¬ ëðïð

Ì»´ õêì èðð êçë íêì

Ý¸®·¬½¸«®½¸

èë Ù¿±² Í¬®»»¬

Í§¼»²¸¿³ èðîí

Ì»´ õêì èðð êçë íêì
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Ü»½®·°¬·±² Ð¿®¬ ²«³¾»®

Í±½µ»¬ ïïó°·² Þ±¬¬±³ «®º¿½» ±® ¬®¿½µ ³±«²¬·²¹ô ¬±° ½®»© ¬»®³·²¿´ ÐîÝÚóïï

Þ±¬¬±³ «®º¿½» ±® ¬®¿½µ ³±«²¬·²¹ô ¬±° ½®»© ¬»®³·²¿´ô º·²¹»® ¿º» ¬»®³·²¿´
½±²º±®³ ¬± ÊÜÛðïðêñÐïðð ÐîÝÚóïïóÛ

Þ¿½µ ³±«²¬·²¹ô º±® «» ©·¬¸ ÇçîÚóíð ³±«²¬·²¹ ¿¼¿°¬»®ô ¾±¬¬±³ ½®»© ¬»®³·²¿´ ÐíÙßóïï

èó°·² Þ±¬¬±³ «®º¿½» ±® ¬®¿½µ ³±«²¬·²¹ô ¬±° ½®»© ¬»®³·²¿´ ÐîÝÚóðè

Þ±¬¬±³ «®º¿½» ±® ¬®¿½µ ³±«²¬·²¹ô ¬±° ½®»© ¬»®³·²¿´ô º·²¹»® ¿º» ¬»®³·²¿´
½±²º±®³ ¬± ÊÜÛðïðêñÐïðð ÐîÝÚóðèóÛ

Þ¿½µ ³±«²¬·²¹ô º±® «» ©·¬¸ ÇçîÚóíð ³±«²¬·²¹ ¿¼¿°¬»®ô ¾±¬¬±³ ½®»© ¬»®³·²¿´ ÐíÙóðè

Ì»®³·²¿´ ½±ª»® º±® ÐíÙ ±½µ»¬ô ½±²º±®³ ¬± ÊÜÛðïðêÐïðð ÇçîßóìèÙ

Ð¿²»´ ³±«²¬·²¹ ¿¼¿°¬»® Ú·¬ ¾»¸·²¼ °¿²»´ô ·¼»¿´ º±® ·¼» ¾§ ·¼» ·²¬¿´´¿¬·±²ò Ë» ÐíÙ ó ±½µ»¬ò ÇçîÚóíð

Ú´«¸ ³±«²¬·²¹ ¿¼¿°¬»® øèè ³³ ¨ ëè ³³ ¨ êíòé ³³÷ ÇçîÚóéð

Ú´«¸ ³±«²¬·²¹ ¿¼¿°¬»® øëè ³³ ¨ ëð ³³ ¨ êíòé ³³÷ ÇçîÚóéï

Ì·³·²¹ º«²½¬·±² è º·»´¼ó»´»½¬¿¾´» º«²½¬·±² ÑÒó¼»´¿§ ±²´§

Ì·³» ´·³·¬ ÍÐÜÌ ÍÐÜÌ ÍÐÜÌ ÜÐÜÌ

×²¬¿²¬¿²»±« P P ÍÐÜÌ P

Ì»®³·²¿´ º±®³ ïïó°·² ®±«²¼ ±½µ»¬ Ú®±²¬ ³±«²¬»¼ èó°·² ®±«²¼ ±½µ»¬
½®»© ¬»®³·²¿´

Ð¿®¬ ²«³¾»® ØíÝßóß ØíÝßóÚß ØíÝßóèØ ØíÝßóè

ßÝ îì ¬± îìð Êô ëðñêð Ø¦ ±® Í°»½·º§ îì Êô ïððñïïðñïîð Êô ±® îððñîîðñîìð Êå ëðñêð Ø¦

ÜÝ ïî ¬± îìð Ê Í°»½·º§ ïî Êô îì Êô ìè Ê ±® ïïð Ê

ïñïê Ü×Òô Ü·¹·¬¿´óÍ»¬ Ì·³»® ©·¬¸
ðòï Í»½±²¼ ¬± çôççð Ø±«® Î¿²¹»

è º·»´¼ó»´»½¬¿¾´» ±°»®¿¬·±² ³±¼»
Ë²·ª»®¿´ ßÝñÜÝ «°°´§ ª±´¬¿¹»
¬·³»® ¿ª¿·´¿¾´»
Ñ°»®¿¬·±² ·²½´«¼» ÑÒó¼»´¿§ô Î»°»¿¬
½§½´»ô Í·¹²¿´ ×²¬»®ª¿´ñÑÚÚó¼»´¿§ô
Í·¹²¿´óÑÚÚ ¼»´¿§ ø× ¿²¼ ××÷ô ×²¬»®ª¿´ô Ý§½´»
¿²¼ Í·¹²¿´ ÑÒó¼»´¿§ñÑÚÚó¼»´¿§
Í»´»½¬¿¾´» ²±óª±´¬¿¹» ¬¿®¬ô ®»»¬ô ¹¿¬»
¿²¼ ½¸»½µ ·²°«¬ »¨°¿²¼ ½¿°¿¾·´·¬·»
Ì·³» ®»³¿·²·²¹ ÔÝÜ ¾¿® ¹®¿°¸ ¿²¼ ÔÝÜ
±«¬°«¬ ¬¿¬« ·²¼·½¿¬±®
Ð¿²»´ ³±«²¬·²¹ ¿¼¿°¬»®ô ±½µ»¬ô ¿²¼
¿½½»±®·» ³¿§ ¾» ±®¼»®»¼ »°¿®¿¬»´§

Ì×ÓÛÎÍ

Ý±²¬¿½¬
¬§°»

ßÝÝÛÍÍÑÎ×ÛÍ

ß¼¼ ¬¸» «°°´§ ª±´¬¿¹» ¬± ¬¸» °¿®¬ ²«³¾»® ©¸»² §±« ±®¼»® ÑÒó¼»´¿§ ±²´§ ¬·³»® ØíÝßóè ¿²¼ ØíÝßóèØò Ú±® »¨¿³°´»ô

ØíÝßóèØóßÝñïððñïïðñïîðò

Í«°°´§
ª±´¬¿¹»

Í±´·¼óÍ¬¿¬» Ü·¹·¬¿´ Ì·³»® ØíÝß

Ñ®¼»®·²¹ ×²º±®³¿¬·±²
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ØíÝß ØíÝß

î

Ì·³» «²·¬
»´»½¬±®

Ì·³» »¬¬·²¹ ©·¬½¸»

Ñ°»®¿¬·±²
³±¼»
»´»½¬±®ö

Ó±¼» Ñ°»®¿¬·±²

ß ÑÒó¼»´¿§
Þ Î»°»¿¬ ½§½´»

Ý Í·¹²¿´ ×²¬»®ª¿´ñÑÚÚó¼»´¿§
Ü Í·¹²¿´ ÑÚÚó¼»´¿§ ×

Ù Í·¹²¿´ ÑÒó¼»´¿§ñÑÚÚó¼»´¿§
Ø Í·¹²¿´ ÑÚÚó¼»´¿§ ××

Û ×²¬»®ª¿´
Ú Ý§½´»

Ì·³» «²·¬ Ì·³·²¹ ®¿²¹»

ðòï  ðòï ¬± ççòç »½±²¼
 ï ¬± ççç »½±²¼

ðòï ³ ðòï ¬± ççòç ³·²«¬»
³ ï ¬± ççç ³·²«¬»

ðòï ¸ ðòï ¬± ççòç ¸±«®
¸ ï ¬± ççç ¸±«®

ïð ¸ ïð ¬± çççð ¸±«®

ÎßÒÙÛ ßÒÜ ÑÐÛÎßÌ×ÑÒ ÓÑÜÛ ÍÛÔÛÝÌ×ÑÒ

Ò±¬»æ öÑ°»®¿¬·±² ³±¼» »´»½¬±® ²±¬ ·²½´«¼»¼ ©·¬¸ ÑÒó¼»´¿§ ±²´§ ³±¼»´ò

Ü»½®·°¬·±² Ð¿®¬ ²«³¾»®

Ð®±¬»½¬·ª» ½±ª»® Ø¿®¼ °´¿¬·½ ½±ª»® °®±¬»½¬ ¿¹¿·²¬ ¼«¬ô ¼·®¬ ¿²¼ ©¿¬»®å ²±¬ º±® «» ©·¬¸ °¿²»´ ½±ª»® ÇçîßóìèÞ

Í±º¬ °´¿¬·½ ½±ª»® °®±¬»½¬ ¿¹¿·²¬ ¼«¬ô ¼·®¬ ¿²¼ ©¿¬»®å ²±¬ º±® «» ©·¬¸ °¿²»´ ½±ª»® ÇçîßóìèÜ

ÒÛÓß ì ½±ª»® É¿¬»®°®±±º º®±²¬ ½±ª»® ÇçîßóìèÒ

Ý±´±®»¼ °¿²»´ ½±ª»® Ô·¹¸¬ ¹®¿§ øÓ«²»´´ Ò±ò ëÇéñï÷ ¬± ³¿¬½¸ ½¿» ÇçîÐóìèÙÔ

Ó»¼·«³ ¹®¿§ øÓ«²»´´ Ò±ò ëÇëñï÷ ÇçîÐóìèÙÓ

Þ´¿½µ øÓ«²»´´ Ò±ò Òïòë÷ ÇçîÐóìèÙÞ

Ó±«²¬·²¹ ¬®¿½µ Ü×Ò ®¿·´ô ëð ½³ øïòêì º¬÷ ´»²¹¬¸å éòí ³³ ¬¸·½µ ÐÚÐóëðÒ

Ü×Ò ®¿·´ô ï ³ øíòîè º¬÷ ´»²¹¬¸å éòí ³³ ¬¸·½µ ÐÚÐóïððÒ

Ü×Ò ®¿·´ô ï ³ øíòîè º¬÷ ´»²¹¬¸å ïê ³³ ¬¸·½µ ÐÚÐóïððÒî

Û²¼ °´¿¬» ÐÚÐóÓ

Í°¿½»® ÐÚÐóÍ

ßÝÝÛÍÍÑÎ×ÛÍô ½±²¬·²«»¼

Ð¿®¬ ²«³¾»® ØíÝßóß ØíÝßóÚß ØíÝßóèØ ØíÝßóè

ßÝ îì ¬± îìð Êô ëðñêð Ø¦ îì Êô ïððñïïðñïîð Êô îððñîîðñîìð Êå ëðñêð Ø¦

ÜÝ ïî ¬± îìð Ê ïî Êô îì Êô ìè Êô ïïð Êô ø°»®³··¾´» ®·°°´»

º¿½¬±®æ îðû ³¿¨ò «·²¹ ·²¹´»ó°¸¿»ô º«´´ó
©¿ª» ®»½¬·º·»¼ °±©»® ±«®½»÷

Ñ°»®¿¬·²¹ ª±´¬¿¹» çð ¬± ïïðû ±º ®¿¬»¼ ª±´¬¿¹»

ßÝ ì Êß ïð Êß

ÜÝ î É îÉ

Ì·³·²¹ è º·»´¼ó»´»½¬¿¾´» ³±¼»æ ÑÒó¼»´¿§ô Î»°»¿¬ ÑÒó¼»´¿§ ±²´§
º«²½¬·±² ½§½´»ô Í·¹²¿´ ×²¬»®ª¿´ñÑÚÚó¼»´¿§ô Í·¹²¿´ ÑÒóñ

ÑÚÚó¼»´¿§ô Í·¹²¿´ ÑÚÚó¼»´¿§ ø× ¿²¼ ××÷ô
×²¬»®ª¿´ ¿²¼ Ý§½´»

Í¬¿®¬ô ®»»¬ô ¹¿¬» ·²°«¬ Ò± ª±´¬¿¹» Ò± ª±´¬¿¹» P P

Ì§°» Ì·³» ´·³·¬ ÍÐÜÌ ÍÐÜÌ ÜÐÜÌ

×²¬¿²¬¿²»±« P ÍÐÜÌ P

Ó¿¨ò ´±¿¼ í ßô îëð ÊßÝ ø°òºò ã ï÷

Ó·²ò ´±¿¼ ïð ³ßô ë ÊÜÝ

Î»°»¿¬ ¿½½«®¿½§ ðòíûô ðòðë »½ ø·²½´«¼» ª¿®·¿¬·±² ¼«» ¬± ª±´¬¿¹» ¿²¼ ¬»³°»®¿¬«®» ½¸¿²¹»÷

Í»¬¬·²¹ »®®±® ðòëûô ðòðë »½

Î»»¬¬·²¹ §¬»³ Ð±©»®óÑÚÚô »¨¬»®²¿´ ¿²¼ »´ºó®»»¬ Ð±©»®óÑÚÚ

Î»»¬¬·²¹ ¬·³» ðòë »½ ³¿¨ò ðòï »½ ³¿¨ò

×²¼·½¿¬±® Ì·³» Î»³¿·²·²¹ øÔÝÜ ¾¿® ¹®¿°¸÷ô Ñ«¬°«¬ Í¬¿¬« øÔÝÜ ³»¿¹»÷

Ó¿¬»®·¿´ Ð´¿¬·½ ½¿»

Ó±«²¬·²¹ Ð¿²»´ô ¬®¿½µô «®º¿½»

Ý±²²»½¬·±² ïïó°·² ®±«²¼ ±½µ»¬ Ì»®³·²¿´ ½®»© èó°·² ®±«²¼ ±½µ»¬

Í°»½·º·½¿¬·±²

Í«°°´§
ª±´¬¿¹»

Ð±©»®
½±²«³°¬·±²

Ý±²¬®±´
±«¬°«¬
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Ð¿®¬ ²«³¾»® ØíÝßóß ØíÝßóÚß ØíÝßóèØ ØíÝßóè

É»·¹¸¬ ïïð ¹ øíòç ±¦÷ ïçð ¹ øêòé ±¦÷ ïïð ¹ øíòç ±¦÷

ß°°®±ª¿´ ËÔñÝÍßñÍÛÊ

Ñ°»®¿¬·²¹ ¿³¾·»²¬ ¬»³°»®¿¬«®» óïð ¬± ëë Ý øïì ¬± ïíï Ú÷

Ø«³·¼·¬§ íë ¬± èëû ÎØ

Ê·¾®¿¬·±² Ó»½¸¿²·½¿´ ¼«®¿¾·´·¬§ ïð ¬± ëë Ø¦å ðòéë ³³ øðòðí ·²÷ ¼±«¾´» ¿³°´·¬«¼»

Ó¿´º«²½¬·±² ¼«®¿¾·´·¬§ ïð ¬± ëë Ø¦å ðòë ³³ øðòðî ·²÷ ¼±«¾´» ¿³°´·¬«¼»

Í¸±½µ Ó»½¸¿²·½¿´ ¼«®¿¾·´·¬§ îð Ù

Ó¿´º«²½¬·±² ¼«®¿¾·´·¬§ ïð Ù

Ê¿®·¿¬·±² ¼«» ¬± ª±´¬¿¹» ½¸¿²¹» Í»» þÎ»°»¿¬ ß½½«®¿½§þ

Ê¿®·¿¬·±² ¼«» ¬± ¬»³°»®¿¬«®» ½¸¿²¹» Í»» þÎ»°»¿¬ ß½½«®¿½§þ

×²«´¿¬·±² ®»·¬¿²½» ïðð Ó ³·²ò ¿¬ ëðð ÊÜÝ

Ü·»´»½¬®·½ ¬®»²¹¬¸ îôððð ÊßÝô ëðñêð Ø¦ º±® ï ³·²«¬» ¾»¬©»»² ½«®®»²¬ó½¿®®§·²¹ ¿²¼ ²±²ó½«®®»²¬ó½¿®®§·²¹ °¿®¬
¿²¼ ¾»¬©»»² ½±²¬¿½¬ ¿²¼ ½±²¬®±´ ½·®½«·¬
ïôððð ÊßÝô ëðñêð Ø¦ º±® ï ³·²«¬» ¾»¬©»»² ²±²ó½±²¬·²«±« ½±²¬¿½¬

Í»®ª·½» ´·º» Ó»½¸¿²·½¿´ ïð ³·´´·±² ±°»®¿¬·±² ³·²·³«³ ø«²¼»® ²± ´±¿¼ô ¿¬ ïôèðð ±°»®¿¬·±²ñ¸±«®÷

Û´»½¬®·½¿´ ïððôððð ±°»®¿¬·±² ³·²·³«³ ¿¬ ³¿¨·³«³ ®¿¬·²¹

ÍÐÛÝ×Ú×ÝßÌ×ÑÒÍô ½±²¬·²«»¼
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×² ¬¸» ½¸»³¿¬·½ ¼·¿¹®¿³ô »¿½¸ ¬¸·½µ ´·²» ·²¼·½¿¬» ¬¸» »¨¬»®²¿´ ©·®·²¹ ²»½»¿®§ º±® ¬¸» »´»½¬»¼ ±°»®¿¬·±²ò

Ì¸» ¬¿®¬ ¬»®³·²¿´ ¿®» ½±²²»½¬»¼ò Ì·³·²¹ ¬¿®¬ ©¸»² °±©»® ·
¿°°´·»¼ò Ì¸» ±«¬°«¬ · »²»®¹·¦»¼ ©¸»² ¬¸» ¿½½«³«´¿¬»¼ ¬·³»
»¯«¿´ ¬¸» »¬ ¬·³»ò Ì¸» ±«¬°«¬ ®»³¿·² »²»®¹·¦»¼ «²¬·´ °±©»® ·
¼·½±²²»½¬»¼ ±® ¿ ®»»¬ ·²°«¬ · ¿°°´·»¼ò

øßÝñÜÝ÷

Ð±©»® î ó ïð
øßïóßî÷

Í¬¿®¬ í ó ê
øÈóÝï÷

Î»»¬ í ó é
øÈóÞï÷

Ý±²¬®±´ ç ó ïï
±«¬°«¬ ÒÑ øïëóïè÷

Ì·³»ó±«¬
·²¼·½¿¬±®

Î»³¿·²·²¹
¬·³» ·²¼·½¿¬±®

¬ ã »¬ ¬·³» Î¬ ã ®»»¬ ¬·³» ¬ó¿ ã ´» ¬¸¿² »¬ ¬·³»

Í·¹²¿´ Í¬¿®¬

øßÝñÜÝ÷

Í¬¿®¬ ·¹²¿´

Î»»¬ ·¹²¿´

Í¬¿®¬ í ó ê
øÈóÝï÷

Ý±²¬®±´ ç ó ïï
±«¬°«¬ ÒÑ øïëóïè÷

Ì·³»ó±«¬
·²¼·½¿¬±®

Î»³¿·²·²¹
¬·³» ·²¼·½¿¬±®

Ð±©»® î ó ïð
øßïóßî÷

Î»»¬ í ó é
øÈóÞï÷

¬ ã »¬ ¬·³» ¬ó¿ ã ´» ¬¸¿² »¬ ¬·³»

Ì·³·²¹ Ý¸¿®¬

Ð±©»® · ¿°°´·»¼ ½±²¬·²«±«´§ò Ì·³·²¹ ¬¿®¬ ¿¬ ¬¸» ´»¿¼·²¹ »¼¹»
±º ¬¸» ¬¿®¬ ·²°«¬ò Ì¸» ±«¬°«¬ · »²»®¹·¦»¼ ©¸»² ¬¸» ¿½½«³«ó
´¿¬»¼ ¬·³» »¯«¿´ ¬¸» »¬ ¬·³»ò Í«¾»¯«»²¬ ¬¿®¬ ·¹²¿´ ¼«®·²¹
±® ¿º¬»® ¬·³·²¹ ©·´´ ²±¬ ¾» ¿½½»°¬»¼ò Ì¸» ±«¬°«¬ ®»´¿§ ©·´´ ®»³¿·²
»²»®¹·¦»¼ «²¬·´ ¿ ®»»¬ ·²°«¬ · ¿°°´·»¼ ±® °±©»® · ·²¬»®®«°¬»¼ò

Ð±©»®

Ð±©»®
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  DINLINE ALARM RELAY (DAR) 
 

INSTALLATION INSTRUCTIONS 

www.erico.com  Page 1 of 2   
  

 

                     
 
1.  PREPARATION 

DANGER:  Electrical shock or burn hazard. 
Installation of this device should only be made 
by qualified personnel. Failure to lockout 

electrical power during installation or maintenance can 
result in fatal electrocution or severe burns. Before 
making any connections be sure that power has been 
removed from all associated wiring, electrical panels, 
and other electrical equipment. 

 
 
CAUTION NOTES:  

1. The installation of this device should follow all 
applicable electrical codes, such as the National 
Electrical Code. 

2. Check to make sure line voltage does not exceed 
DAR275V voltage ratings. 

3. Follow all instructions to ensure correct and safe 
operation.  

4. Do not attempt to open or tamper with the DAR in 
any way as this may compromise performance and 
will void warranty. No user serviceable parts are 
contained. 

2.  INTRODUCTION 

Selected DSD, TDS & TDF DINLINE Surge Protection 
Devices include status monitoring circuits which provide visual 
status display of device capacity. They may also provide a low 
voltage opto-coupler alarm output circuit that can be connect to 
the DAR to provide potential free (Form C) change-over 
contacts. The DAR alarm contacts may be used to provide 
output to external alarm systems or remote monitoring circuits. 

One DAR can be used per DSD/TDS/TDF opto-coupler alarm 
or up to 16 DSD opto-coupler alarms can be connected in 
series to the one DAR to provide a common output. It is 
recommended that the DAR be powered from the same 
power circuit that feeds the device(s) being monitored, 
however the DAR can be powered from other circuits. This 
allows for example, one DAR unit to be connected to separate 
SPDs that are protecting a three phase circuit. 

 

Note. Depending upon the usage of the DAR output contacts, 
failure of power to the DAR may be interpreted as a failure of 
one or more of the SPDs being monitored. Visual inspection 
of the DAR and SPDs status displays would determine this. 

3.  MOUNTING 

The DAR is designed to clip to 35mm (top hat) DIN rails 
(standard EN50022). Unless otherwise mechanically 
restrained, use horizontal DIN rails with the DAR module 
spring clips to the bottom and the label text the correct way up. 

NOTE: The DAR must be installed in an enclosure or panel 
that: 

• prevents the DAR temperature from exceeding  

 131°F (55°C) 

• provides adequate electrical and safety protection 

• prevents the ingress of moisture and water 

•   allows DAR status indicators to be inspected 
 

4.  ELECTRICAL CONNECTION  

The interconnecting wiring should: 

• be of size #10 to #14 AWG (2.5mm² to 6mm²) solid or 
stranded conductor.  

• The wire insulation should be stripped back 5/16" (8mm).   

• NOTE: Do not use greater than 9inlbs (1Nm) of torque 
when tightening the terminals.  

CONNECTION TO TELECOMMUNICATIONS NETWORKS 

The DAR is approved for use in Australia where the alarm 
contacts may be connected to private lines or building cabling 
associated with the telecommunications network. NO direct 
connection to the public switched network should be made. 

 

 

MODEL NUMBER 
DAR 275V 
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  DINLINE ALARM RELAY 
 

INSTALLATION INSTRUCTIONS 
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5.  INTERCONNECTION 

When connecting the DAR to a single opto-coupler output the 
+ terminal of the SPD should connect to the + terminal on the 
DAR. The – terminal should connect to the -- terminal. 
 

To transient
protected
equipment

To remote alarm circuit

DSD 2S/2T

N EPh

DAR

NPh

Voltage free contacts

Opto-coupler output  

+/- terminal connections are polarity sensitive. Do not reverse. 

 

When connecting the DAR to multiple opto-couplers the opto-
couplers should be connected in series with + terminal of one 
connected to the – terminal of the next. The DAR + terminal 
should connect to + SPD terminal at one end of the series 
connection and the – DAR terminal connect to the – SPD 
terminal at the other end of the series connection. 
 

DSD 2S/2T

Up to 16 connections per DAR module

N EPh N EPh

DAR

NPh

Voltage free contacts

 

+/- terminal connections are polarity sensitive. Do not reverse. 

 

5.  STATUS INDICATION 

Normal(green) indicator OFF
Red indicator ON
Relay is de-energised
Power is supplied

Normal(green) indicatorOFF
Red indicator OFF
Relay is de-energised
Power is OFF

Normal

4Fault

6

8

Normal

4Fault

6

8

DSDin alarm mode or power
to DSD has been removed

Power to DAR removed
Protection status unknown

DISPLAY

EXPLANATION

Normal

Fault
6

4

8

Normal(green) indicator ON
Red indicator OFF
Relay is energised
Power is supplied

Normal operation

Protection OperationalSTATUS Protection Alarm Fault Mode

 

 

6.  FUSING AND ISOLATION 

Overcurrent protection must be installed in the upstream circuit 
of the power supply to the DAR to provide protection to the 
unit itself and the wiring in case of fault conditions. 

The fuse rating should be based on the wiring size used to 
connect to the DAR Ph & N terminals. Australian regulations 
AS3000-1991, Table B2 specifies the following upstream 
protection for single phase circuits, unenclosed in air. 

 

Cable Size  HRC Fuse or  CB Rewirable Fuse 

1.5mm2   16A   12A 

2.5mm2   20A   16A 

4mm2   25A   20A 

6mm2   32A   25A 

 

Where overcurrent protection of the appropriate rating or 
smaller is already fitted in the upstream circuit, overcurrent 
protection at the DAR will not be required 

6.  MAINTENANCE & TESTING 

Before removing a DAR unit from service, ensure that the 
power has been removed. Maintenance, testing and 
replacement should only be undertaken by qualified personnel. 

Testing of a DAR unit which is connected to a fully functional 
DSD unit can be accomplished by removing power to the DSD 
only. The DAR Status indication and output contacts should 
alter from the Normal to Fault condition.  

Testing of the DAR unit alone may be accomplished by 
disconnecting the + / -connections to the unit. When power is 
applied the DAR “Fault” Status Indicator should be illuminated. 
By connecting the + / - terminals together, the “Normal” Status 
Indicator should be illuminated. The output contacts should 
alter to the appropriate state.  

7.  USE OF OTHER INTERFACES 

Only DAR units are recommended for the interfacing of 
equipment to the DSD, TDS & TDF opto-coupler alarm output 
circuit(s). The direct connection of other equipment to these 
opto-coupler alarm outputs may not provide sufficient isolation 
or exceed the opto-coupler specifications. This may damage 
the SPD and/or the connected equipment. Warranty may be 
voided under such circumstances.  

NOTE: In connecting to the SPD opto-coupler alarm 
output(s), do not reverse the +/- connections as 
damage may occur LNE

( 4 - 6 m m )B u n d l e / t w i s tt o g e t h e r

Supply

Keep as  short a s  p r a c t i c a l

S e e  s e c t i o n  8f o r  f u s i n g  d e t a i l s

NL 
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Ú·´¬»®·²¹ àïððµØ¦ óêî¼Þ óêë¼Þ óëí¼Þ

Í¬¿¬« Ù®»»² ÔÛÜò Ñ²ãÑµò ×±´¿¬»¼ ±°¬±ó½±«°´»® ±«¬°«¬øï÷

Ü·³»²·±² ì Óò çð ³³ ¨ êè ³³ ¨ éî ³³ è Óò çð ³³ ¨ êè ³³ ¨ ïìì ³³

øíòëþ ¨ îòêþ ¨ îòèþ÷ øíòëþ ¨ îòêþ ¨ ëòêþ÷

É»·¹¸¬ ðòíë µ¹ øðòéé ´¾÷ ðòéë µ¹ øðòéé ´¾÷ ðòè µ¹ øïòé ´¾÷

Û²½´±«®» Ü×Ò ìí èèðô ËÔçìÊóð ¬¸»®³±°´¿¬·½ô ×Ð îð øÒÛÓßóï÷

Ý±²²»½¬·±² ï ³³î ¬± ê ³³î øýïèßÉÙ ¬± ýïð÷

Ó±«²¬·²¹ íë ³³ ¬±° ¸¿¬ Ü×Ò ®¿·´

Þ¿½µó«° Ñª»®½«®®»²¬ Ð®±¬»½¬·±² íß ïðß îðß

Ì»³°»®¿¬«®» óíëpÝ ¬± õëëpÝ øóíïpÚ ¬± õïíïpÚ÷

Ø«³·¼·¬§ ðû ¬± çðû

ß°°®±ª¿´ ËÔ ïììçô ËÔ ïîèíô ÝÍß îîòîô ÝóÌ·½µô ÝÛ øÒÑÓ íßô ïîðÊ÷

Í«®¹» Î¿¬»¼ ¬± Ó»»¬ ßÒÍ×ñ×ÛÛÛ Ýêîòìïòî Ý¿¬ ßô Ý¿¬ Þô Ý¿¬ Ý

øï÷ Ñ°¬±ó½±«°´»® ±«¬°«¬ ½¿² ¾» ½±²²»½¬»¼ ¬± ÜßÎîéëÊ ¬± °®±ª·¼» Ú±®³ Ý ¼®§ ½±²¬¿½¬ô Ð¿¹» íç

Ì®¿²·»²¬ Ü·½®·³·²¿¬·²¹ Ú·´¬»®
ß·¿ñß«¬®¿´·¿

Û«®±°»
Ô¿¬·² ß³»®·½¿

Ò±®¬¸ ß³»®·½¿

Ì¸» ÌÜÚ »®·» ¸¿ ¾»»² °»½·º·½¿´´§ ¼»·¹²»¼ º±® °®±½» ½±²¬®±´
¿°°´·½¿¬·±² ¬± °®±¬»½¬ ¬¸» ©·¬½¸»¼ ³±¼» °±©»® «°°´§ «²·¬
±² ¼»ª·½» «½¸ ¿ ÐÔÝ ½±²¬®±´´»®ô ÍÝßÜß §¬»³ ¿²¼ ³±¬±®
½±²¬®±´´»®ò Ë²·¬ ¿®» ËÔr Î»½±¹²·¦»¼ ¿²¼ ¿ª¿·´¿¾´» º±® íßô ïðß
¿²¼ îðß ´±¿¼ ¿²¼ «·¬¿¾´» º±® ïïðóïîðÊ ¿½ñ¼½ ¿²¼ îîðóîìðÊ¿½
½·®½«·¬ò

Ì¸» ÌÜÚ · ¿ »®·» ½±²²»½¬»¼ô ·²¹´» °¸¿» «®¹» º·´¬»® °®±ª·¼·²¹
¿² ¿¹¹®»¹¿¬» «®¹» ½¿°¿½·¬§ ±º ëðµß øèñîðk÷ ¿½®± ÔóÒô ÔóÐÛô
¿²¼ ÒóÐÛò Ì¸» ´±© °¿ º·´¬»® °®±ª·¼» «° ¬± êë¼Þ ±º ¿¬¬»²«¿¬·±²
¬± ª±´¬¿¹» ¬®¿²·»²¬ò Ò±¬ ±²´§ ¼±» ¬¸· ®»¼«½» ¬¸» ®»·¼«¿´
´»¬ó¬¸®±«¹¸ ª±´¬¿¹»ô ¾«¬ ·¬ ¿´± ¸»´° º«®¬¸»® ®»¼«½» ¬¸» ¬»»°
ª±´¬¿¹» ®¿¬»ó±ºó®·» °®±ª·¼·²¹ «°»®·±® °®±¬»½¬·±² º±® »²·¬·ª»
»´»½¬®±²·½ »¯«·°³»²¬ò

×²ó´·²» »®·» °®±¬»½¬·±²

  Ø·¹¸ »ºº·½·»²½§ ´±© °¿ ·²» ©¿ª» º·´¬»®·²¹ � ·¼»¿´
º±® ¬¸» °®±¬»½¬·±² ±º ©·¬½¸»¼ ³±¼» °±©»® «°°´·»

Ì¸®»» ³±¼» ±º °®±¬»½¬·±²æ ÔóÒô ÔóÐÛ ú ÒóÐÛ

  íë ³³ Ü×Ò ®¿·´ ³±«²¬ � ·³°´» ·²¬¿´´¿¬·±²

 Ì®¿²·»²¬ Ü·½®·³·²¿¬·²¹ øÌÜ÷ Ì»½¸²±´±¹§ �
°®±ª·¼» ·²½®»¿»¼ »®ª·½» ´·º»

  ÔÛÜ ¬¿¬« ·²¼·½¿¬·±² ¿²¼ ±°¬±ó·±´¿¬»¼ ±«¬°«¬ �
º±® ®»³±¬» ¬¿¬« ³±²·¬±®·²¹

Status
Sense
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T
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Ú«» ®»°´¿½»³»²¬ ½¸¿®¬

Î»º»® Ý¿¬¿´±¹«» ÒÚ

íÒßë

íÒßì ïìì

íÒßì îêð
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Ì¸· ½¸¿®¬ · ¼»·¹²»¼ ¬± ¸»´° ½¸±±» ¬¸» ½±®®»½¬ º«» ¬± º·¬ ¿ °¿®¬·½«´¿® Í¬®�³¾»®¹ ©·¬½¸ º«» ø±® ª·½» ª»®¿÷ ¿²¼ ¬± ¸»´°
½¸±±» ¬¸» ½±®®»½¬ ®»°´¿½»³»²¬ º«»ò Í±³» ¼¿¬¿ · º®±³ ±¬¸»® ³¿²«º¿½¬«®»® °«¾´·½¿¬·±² ¿²¼ ¿ «½¸ ½¿²²±¬ ¾» ¹«¿®¿²¬»»¼
¾§ ÒØÐò Þ»©¿®» ¬¸¿¬ ±³» ³±¬±® ¬¿®¬ º«» ¿®» ·² ¿ ´¿®¹»® ¾±¼§ ·¦» ¬¸¿² ¿ ²±®³¿´ º«»ò ×¬ · ©·» ¬± ½±²«´¬ ¬¸» º«»
³¿²«º¿½¬«®»® ¼¿¬¿ ¬± ¼»¬»®³·²» ¬¸»·® °¿®¬·½«´¿® º«» ·¦» ø·»ò ßîóÝí÷ò
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ØÎÝ ½¿®¬®·¼¹» º«»ó´·²µ ÒØÐ Ý±³°¿½¬ º«»

º«»ó´·²µ »´»½¬·±² º±® ³±¬±® ½·®½«·¬ °®±¬»½¬·±²
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ØÎÝ ½¿®¬®·¼¹» º«»ó´·²µ Ý®± ®»º»®»²½» ¹«·¼»
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Clipsal 2000 Series Switches, 
Sockets and Accessories 
have celebrated more than a 
decade of innovative design 
and performance.

In fact, the contemporary styling and 
fl exibility of the 2000 Series have made it 
Clipsal’s most popular range of switches 
and sockets - and the forerunner to 
our Prestige P2000, Classic C2000, 
Slimline SC2000, Eclipse SL2000 and 
Neo Series switches.

The feature that sets the 2000 Series 
apart from any other range is its unique 
grid assembly and surround which 
come in a comprehensive range of 
colours that can be mixed and matched 
to complement any décor in homes or 
commercial premises.

The surrounds also hide all mounting 
screws and can be easily removed when 
redecorating to disguise any overpainting 
or untidy trim marks from wallpaper.

The 2000 Series also offers you the 
fl exibility of an extensive product range 
that includes dimmers, fan speed 
controllers, time delays, room access 
card operated switches, weatherprotected 
switches and TV and data sockets.

With unsurpassed versatility and 
reliability, it’s not surprising that the 2000 
Series continues to be so popular.

THE 2000 SERIES
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Switched Socket Outlets are often referred to as GPOs 
(General Purpose Outlets), Powerpoints or Power 
Outlets. So that there is no confusion, the description 
‘Switched Socket Outlets’ will be used throughout this 
brochure. Single and Twin Socket Outlets are available 
in 2000 Series in horizontal and vertical formats.

Catalogue Numbers will vary depending on the number 
of sockets and whether the product is horizontally or 
vertically mounted.

2 0 1 5 VThis number indicates the number of switched sockets included in 
the product. The plate size remains the same for both single and twin 
switched socket outlets, only the number of switches and sockets vary.

The letter ‘V’ indicates that the product is vertically mounted. 
Where there is no letter ‘V’, the product is horizontally mounted.

Special Features and Options

2000 Series Switched Socket Outlets may also be 
ordered with special features, including an extra 
switch mechanism, safety shutters, neons, double 
pole switched versions, deep plate format products 
and more. Please see the main part of the brochure 
for Combination (Page 30) and Automatic (Page 28) 
versions with special features.

Ordering Colours

When ordering Switched Socket Outlets, colour 
variations also have to be taken into consideration, as 
the Catalogue Number will change depending on the 
colour of the product. Each colour has its own ‘code’, 
for example, the code for White Electric is ‘WE’ and 
the code for Cream is ‘CM’. The Catalogue Number for 
a 2000 Series Twin Switched Socket Outlet in White 
Electric is 2025,WE.

Refer to ‘2000 Series Colours’ on page 12 for 
colour options and their corresponding codes.

 HOW TO ORDER SWITCHED
 SOCKET OUTLETS

Please note: Single Automatically Switched Socket 
Outlets are also available (Catalogue Number 2010 
- Page 28).

Single Horizontal

2015

Single Vertical

2015V

Twin Horizontal

2025

Twin Vertical

2025V
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 SURFACE MOUNTED SWITCHED
 SOCKET OUTLETS & ACCESSORIES

2000 Series Surface Mounted Switched Socket Outlets and accessories are innovative products that allow extra wiring 
room for single and double powerpoints. These understated products take up very little wall space, resulting in a much 
safer installation and a product that is aesthetically pleasing. 2000 Series Surface Mounted Switched Socket Outlets 
and accessories are perfect for situations where wiring room is limited.

Surface Mounting Kit (2000SMK)

This kit enables you to surface mount standard size 2000 Series gridplates. Included in the kit is a 2449ASD Surface 
Mounting Spacer Flange and a 2000SM Deep Surround. These items are also available separately.

Surface Mounting Flange (2449ASD)

A 2000 Series Surface Mounting Flange (2000SM) for 2000 Series accessories is available.

Surface Mounting Block (449A)

The 449A Mounting Block is designed to accept all standard pattern 2000 Series grid assemblies. This product is ideal 
for use where a 2000 Series installation is required with surface wiring. The 449A has six mounting screw positions 
and twelve combined cable/conduit cut-outs.

SURFACE MOUNTED SWITCHED SOCKET OUTLETS

Cat. No. Length Width Depth Mounting Centres

A

B

C

D

All Products 116mm 76mm 30mm 84mm apart

2015SM A
Single Switched Socket Outlet, 250V/10A - standard pattern surface 
mounted single combination switched socket with deep type curved sided 
surround.

2015XASM B
Single Switched Socket Outlet, 250V/10A - standard pattern surface 
mounted single combination switched socket with deep type curved sided 
surround, with removable extra switch.

2025SM C
Twin Switched Socket Outlet, 250V/10A - standard pattern surface mounted 
double combination switched socket with deep type curved sided surround.

2025XASM D
Twin Switched Socket Outlet, 250V/10A - standard pattern surface 
mounted double combination switched socket with deep type curved 
sided surround, with removable extra switch.

SURFACE MOUNTED ACCESSORIES

Cat. No. Length Width Depth Mounting Centres

B

C

D

A

2000SMK 118mm 78mm 27mm 84mm apart

2449ASD 114mm 69mm 14mm 84mm apart

449A 122mm 80mm 34mm 84mm apart

2000SM 116mm 76mm 26mm N/A

2000SMK A
Surface Mounting Kit for 2000 Series grid assemblies. Incorporates 
2449ASD Surface Mounting Spacer Flange and 2000SM Deep Surround.

2449ASD B
Mounting Flange for 2000 Series accessories, six mounting positions (for 
use with 2000SM Deep Surround).

449A C
Surface Mounting Block for 2000 Series, six mounting positions and 
twelve combined cable/conduit cut-outs.

2000SM D Surface Mounting Deep Surround, standard pattern, curved sided.

* Refer to Page 53 for mounting templates.
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STANDARD SIZE TWIN SWITCHED SOCKET OUTLETS - HORIZONTALLY MOUNTED

Cat. No. Length Width Depth Mounting Centres

A

B

C

D

F

G

H

E

2025, 2025S, 2025N,
2025L, 2025XA,
2025XAN, 2025FO

116mm 76mm 28mm 84mm apart

2025QC 116mm 76mm 31mm 84mm apart

2025SM 116mm 76mm 30mm 84mm apart

2025V3/30PF 290mm 116mm 13mm See template

2025 A Twin Switched Socket Outlet, 250V/10A.

2025S A Twin Switched Socket Outlet, 250V/10A, with safety shutters.

2025N B Twin Switched Socket Outlet, 250V/10A, with safety shutters and neons.

2025L C Twin Switched Socket Outlet, 250V/10A, with round earth pin.

2025QC A Twin Switched Socket Outlet, 250V/10A, Quick Connect.

2025FO D
Twin Switched Socket Outlet, 250V/10A, printed with ‘NOT PROTECTED 
BY SAFETY SWITCH. FRIDGE/FREEZER ONLY’.

2025V3/30PF E
“Powertainment™” Six Socket Outlets, F-Type Pay TV Outlet in 2000/4 
Surround, 250V/10A.

2025XA F Twin Switched Socket Outlet, 250V/10A, with removable extra switch.

2025XAN G
Twin Switched Socket Outlet, 250V/10A with safety shutters, neons and
removable extra switch.

2025SM H Twin Switched Socket Outlet, 250V/10A, with surface mounting kit.

2025XAS F
Twin Switched Socket Outlet, 250V/10A, with removable extra switch 
and safety shutters.

All models accommodate 4 x 2.5mm² cables. 30 Series Switch Terminals accommodate 3 x 2.5mm² on the 2025XA and 2025XAN. All models have a base 
projection of 13mm, except for 2025QC which has a base projection of 14mm.

* Refer to Page 53 for mounting templates.
* Refer to Page 62 for more information on “Powertainment™”.
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 SCHEMATIC WIRING DIAGRAMS
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Standard Pattern Mounting
Twin Combination

2025 2025V

Twin Switched Sockets
with Extra Switch

2025XA 2025VXA

Earth Leakage Protected
Twin Switched Sockets

2025RC
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 2000 SERIES PRODUCT LISTING

STANDARD SIZE SINGLE AUTOMATICALLY SWITCHED SOCKET OUTLETS - HORIZONTAL MOUNTING

Cat No Description Length Width Depth Mounting Centres PAGE

2010 Single Auto Socket Outlet, 250V/10A 116mm 76mm 31mm 84mm apart 29

2010/15 Single Auto Socket Outlet, 250V/15A 116mm 76mm 31mm 84mm apart 29

2010/15N Single Auto Socket Outlet, 250V/15A, with safety shutter and neon 116mm 76mm 31mm 84mm apart 29

2010/15S Single Auto Socket Outlet, 250V/15A, with safety shutter 116mm 76mm 31mm 84mm apart 29

2010/20 Single Auto Socket Outlet, 250V/20A, with round earth pin 116mm 76mm 31mm 84mm apart 29

2010L Single Auto Socket Outlet, 250V/10A, with round earth pin 116mm 76mm 31mm 84mm apart 29

2010LN Single Auto Socket Outlet, 250V/10A, with round earth pin, safety shutter and neon 116mm 76mm 31mm 84mm apart 29

2010LS Single Auto Socket Outlet, 250V/10A, with round earth pin and safety shutter 116mm 76mm 31mm 84mm apart 29

2010N Single Auto Socket Outlet, 250V/10A, with safety shutter and neon 116mm 76mm 31mm 84mm apart 29

2010S Single Auto Socket Outlet, 250V/10A, with safety shutter 116mm 76mm 31mm 84mm apart 29

STANDARD SIZE SINGLE SWITCHED SOCKET OUTLETS - HORIZONTAL MOUNTING

2015 Single Switched Socket Outlet, 250V/10A 116mm 76mm 28mm 84mm apart 31

2015S Single Switched Socket Outlet, 250V/10A, with safety shutter 116mm 76mm 28mm 84mm apart 31

2015N Single Switched Socket Outlet, 250V/10A, with safety shutter and neon 116mm 76mm 28mm 84mm apart 31

2015D Single Switched Socket Outlet, 250V/10A, double pole 116mm 76mm 28mm 84mm apart 31

2015L Single Switched Socket Outlet, 250V/10A, with round earth pin 116mm 76mm 28mm 84mm apart 31

2015/15 Single Switched Socket Outlet, 250V/15A 116mm 76mm 28mm 84mm apart 31

2015/15N Single Switched Socket Outlet, 250V/15A, with safety shutter and neon 116mm 76mm 28mm 84mm apart 31

2015/20 Single Switched Socket Outlet, 250V/20A 116mm 76mm 28mm 84mm apart 31

2015N20 Single Switched Socket Outlet, 250V/20A, with neon 116mm 76mm 28mm 84mm apart 31

2015D20 Single Switched Socket Outlet, 250V/20A, double pole 116mm 76mm 28mm 84mm apart 31

2015DN20 Single Switched Socket Outlet, 250V/20A, double pole with neon and safety shutter 116mm 76mm 28mm 84mm apart 31

2015X Single Switched Socket Outlet, 250V/10A, with removable extra switch 116mm 76mm 28mm 84mm apart 31

2015XN Single Switched Socket Outlet, 250V/10A, with safety shutter, neon and removable extra switch 116mm 76mm 28mm 84mm apart 31

2015XX Single Switched Socket Outlet, 250V/10A, with 2 removable extra switches 116mm 76mm 28mm 84mm apart 31

2015VXXN Single Switched Socket Outlet, 250V/10A, safety shutter, neon, 2 removable extra switches (vertical) 116mm 76mm 28mm 84mm apart 31

2015SM Single Switched Socket Outlet, 250V/10A, with surface mounting kit 116mm 76mm 30mm 84mm apart 31

2015XSM Single Switched Socket Outlet, 250V/10A, with surface mounting kit and extra switch 116mm 76mm 30mm 84mm apart 31

SURFACE MOUNTED SOCKET OUTLETS & ACCESSORIES

2015SM Single Socket Outlet, 250V/10A - surface mounted 116mm 76mm 30mm 84mm apart 32

2015XASM Single Socket Outlet, 250V/10A - surface mounted, with removable extra switch 116mm 76mm 30mm 84mm apart 32

2025SM Double Socket Outlet, 250V/10A - surface mounted 116mm 76mm 30mm 84mm apart 32

2025XASM Double Socket Outlet, 250V/10A - surface mounted, with removable extra switch 116mm 76mm 30mm 84mm apart 32

2000SMK Surface Mounting Kit for 2000 Series grid assemblies 118mm 78mm 27mm 84mm apart 32

2449ASD Mounting Flange for 2000 Series accessories, six mounting positions 114mm 69mm 14mm 84mm apart 32

449A Surface Mounting Block for 2000 Series 122mm 80mm 34mm 84mm apart 32

2000SM Surface Mounting Deep Surround for 2000 Series 116mm 76mm 26mm N/A 32
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 2000 SERIES PRODUCT LISTING

STANDARD SIZE TWIN SWITCHED SOCKET OUTLETS - HORIZONTAL MOUNTING

Cat No Description Length Width Depth Mounting Centres PAGE

2025 Twin Switched Socket Outlet, 250V/10A 116mm 76mm 28mm 84mm apart 33

2025S Twin Switched Socket Outlet, 250V/10A, with safety shutters 116mm 76mm 28mm 84mm apart 33

2025N Twin Switched Socket Outlet, 250V/10A, with safety shutters and neons 116mm 76mm 28mm 84mm apart 33

2025L Twin Switched Socket Outlet, 250V/10A, with round earth pin 116mm 76mm 28mm 84mm apart 33

2025QC Twin Switched Socket Outlet, 250V/10A, Quick Connect 116mm 76mm 31mm 84mm apart 33

2025FO Twin Socket Outlet, 250V/10A, printed with ‘NOT PROTECTED BY SAFETY SWITCH. FRIDGE/FREEZER ONLY’ 116mm 76mm 28mm 84mm apart 33

2025V3/30PF Six Switched Socket Outlets + F-Type Pay TV outlet, 2000/4 surround, 250V/10A 290mm 116mm 13mm See Template 33

2025XA Twin Switched Socket Outlet, 250V/10A, with removable extra switch 116mm 76mm 28mm 84mm apart 33

2025XAN Twin Switched Socket Outlet, 250V/10A, safety shutters, neons, removable extra switch 116mm 76mm 28mm 84mm apart 33

2025SM Twin Switched Socket Outlet, 250V/10A 116mm 76mm 30mm 84mm apart 33

2025XAS Twin Switched Socket Outlet, 250V/10A, with removable extra switch and safety shutters 116mm 76mm 30mm 84mm apart 33

STANDARD SIZE SINGLE SWITCHED SOCKET OUTLETS - VERTICAL MOUNTING

2015V Single Switched Socket Outlet, 250V/10A (vertical) 116mm 76mm 28mm 84mm apart 34

2015VN Single Switched Socket Outlet, 250V/10A, with safety shutter and neon (vertical) 116mm 76mm 28mm 84mm apart 34

2015V15 Single Switched Socket Outlet, 250V/15A (vertical) 116mm 76mm 28mm 84mm apart 34

2015V15N Single Switched Socket Outlet, 250V/15A, with safety shutter and neon (vertical) 116mm 76mm 28mm 84mm apart 34

2015VX Single Switched Socket Outlet, 250V/10A, with removable extra switch (vertical) 116mm 76mm 28mm 84mm apart 34

2015VXN Single Switched Socket Outlet, 250V/10A, safety shutter, neon, removable extra switch (vertical) 116mm 76mm 28mm 84mm apart 34

2015VXX Single Switched Socket Outlet, 250V/10A, with 2 removable switches (vertical) 116mm 76mm 28mm 84mm apart 34

2015XXN Single Switched Socket Outlet, 250V/10A, safety shutter, neon and 2 removable extra switches 116mm 76mm 28mm 84mm apart 34

2015VD Single Switched Socket Outlet, 250V/10A, double pole (vertical) 116mm 76mm 28mm 84mm apart 34

2015VDX Single Switched Socket Outlet, 250V/10A, double pole with extra switch (vertical) 116mm 76mm 28mm 84mm apart 34

STANDARD SIZE TWIN SWITCHED SOCKET OUTLETS - VERTICAL MOUNTING

2015/2V Twin Switched Socket Outlet, 250V/10A - two piece base (vertical) 116mm 76mm 38mm 84mm apart 34

2015D2V Twin Switched Socket Outlet, 250V/10A, double pole 116mm 76mm 38mm 84mm apart 34

2015/2VN Twin Switched Socket Outlet, 250V/10A, with safety shutters, neons 116mm 76mm 38mm 84mm apart 34

2015/2VS Twin Switched Socket Outlet, 250V/10A, with safety shutters 116mm 76mm 38mm 84mm apart 34

2025V Twin Switched Socket Outlet, 250V/10A - one piece base (vertical) 116mm 76mm 28mm 84mm apart 34

2025VN Twin Switched Socket Outlet, 250V/10A, with safety shutters, neons 116mm 76mm 28mm 84mm apart 34

2025VXA Twin Switched Socket Outlet, 250V/10A, with removable switch 116mm 76mm 28mm 84mm apart 34

2025VXN Twin Switched Socket Outlet, 250V/10A, with removable switch and neon 116mm 76mm 28mm 84mm apart 34

2025VXS Twin Switched Socket Outlet, 250V/10A, with removable switch and safety shutters 116mm 76mm 28mm 84mm apart 34

PROTECTED SOCKET OUTLETS

2025RC Twin Switched Socket Outlet, 250V/10A, with RCD protection - 30mA 116mm 76mm 47mm 84mm apart 35

2025RC10 Twin Switched Socket Outlet, 250V/10A, with RCD protection - 10mA 116mm 76mm 47mm 84mm apart 35

2025SF Twin Switched Socket Outlet, 250V/10A, with surge protection 116mm 76mm 45mm 84mm apart 35

UNIVERSAL SHAVER OUTLETS

2727 Universal Shaver Outlet, Dual Voltage (240V - 115V) 116mm 76mm 57mm 84mm apart 35

2727RC30 Shaver Outlet, 250V/20A, double pole with RCD-30mA - horizontal 219mm 116mm 57mm 84mm apart (3 sets) 36

2727VRC30 Shaver Outlet, 250V/20A, double pole with RCD-30mA - vertical 219mm 116mm 57mm 84mm apart (3 sets) 36
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56 Series Modules - designed to mix and match.

Clear indication of switch
position.

Modular system with 1 to 16
gang arrangements to
satisfy your every need.

Visible gasket - your
guarantee of sealing.

Raised lettering for long
life of markings.

Optional neon indicator.

Captive stainless steel
combination head fixings
for corrosion resistance
and effortless installation.

Padlock on/off facility.

Available in high impact Grey
or Chemically Resistant
Orange/White and Grey
finishes.

Mechanical interlock optional
to ensure power disconnec-
tion before insertion or
removal of the plug.

Transparent flap clearly
shows pin configuration.

Flap automatically closes
to ensure IP rating is
maintained.
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Combination Switched Socket Outlets 12

Versions from 250V 10A to 500V 50A.
All internal phase connections between switches and sockets are factory
wired.
Sockets include a dustproof and hoseproof flap with snap latch.

Surface Socket Outlets 14

Sockets include a clear dustproof and hoseproof flap with snap latch.
Tough polyester terminal housings.

Appliance Inlets 15

Screwed lock ring secures extension sockets and appliance connectors
and ensures IP rating.
Impact resistant and UV stabilised housings.
Downward facing, angled pin housing available on 500V units.

Surface Switches 16

Versions from 250V 10A to 500V 63A.
Positive rotary switch action.
Provision for 2 padlocks.

Key Operated Switches 20

Versions from 250V 20A to 500V 50A.
Available in 3 versions - Standard Security, Medium Security and High
Security.
Locking in ‘off’ and ‘on’ positions.

Timer Switches 22

Available in digital and mechanical versions.
Digital and mechanical versions available with 150 hour battery backup.

Sunset Switches 24

Automatically turns lights on when natural light falls below a predetermined
level.
Suitable for surface or flush mounting.

The following Reference Guide has been included to help you quickly find
the most commonly used 56 and 66 Series Industrial Switchgear.

For fast product selectionREADY REFERENCE GUIDE

56 SERIES

•
•

•

•
•
•

•

•
•

•
•
•

•
•

•

•
•

•

•

Versions from 250V 10A to 500V 50A.
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COMBINATION SWITCHED
SOCKET OUTLETS
The Clipsal range of three phase

combinations includes two module units
and one-piece cover models.

All internal phase connections
between switches and sockets are
factory wired.

The 4 and 5 pin, 10 and 20A one-
piece cover models have integral wiring
between the switch and socket outlet.
Installation time is reduced by not having
to check factory wire terminations.
There is also no likelihood of wires falling
out during installation.

Combination sockets feature a clear
dustproof and hoseproof flap with a
snap catch latch. Both the superseded
non IP56 plain plugs and the current
IP66 retention ring plugs can be
accommodated. 250V, 110V and extra
low voltage two module combinations
are also available.

Earth and neutral connectors
accommodating
3 x 6mm2 cables are
supplied with 500V
models.

Catalogue No. of I the Ui/Ue. I

Number swit. poles (A) (V)

56C210 1 10 250
56C215/32 1 15 32
56C3/110 1 10 110
56C310RP 1 10 250
56C310 1 10 250
56C310HD 1 10 250
56C310L 1 10 250
56C315 1 15 250
56C315HD 1 15 250
56C320 1 20 250
56C332 1 32 250
56C310D 2 10 250
56C315D 2 15 250
56C410 3 10 500
56C416K 3 16 500

56C420 3 20 500
56C432 3 32 500
56C440 3 40 500
56C450 3 50 500
56C510 3 10 500
56C520 3 20 500
56C532 3 32 500
56C540 3 40 500
56C550 3 50 500
56C610 3 10 500

20 cont
56C710 3 10 500

20 cont
56C720 3 20 500

20 cont

      56CV420 56C532     56C310

Catalogue No. of I the Ui/Ue. I

Number swit. poles (A) (V)

56CV310 1 10 250
56CV310HD 1 10 250
56CV315 1 15 250
56CV315HD 1 15 250
56CV410 3 10 500
56CV416K 3 16 500

56CV420 3 20 500
56CV432 3 32 500
56CV440 3 40 500
56CV450 3 50 500
56CV510 3 10 500
56CV520 3 20 500
56CV532 3 32 500
56CV540 3 40 500
56CV550 3 50 500
56CV610 3 10 500

20 cont
56CV710 3 10 500

20 cont
56CV720 3 20 500

20 cont

•

•

•

•

•

•

•

With Neon - add N to Catalogue
Number - e.g. 56C410 becomes
56C410N.
Less Enclosure - add LE to Cata-
logue Number e.g. 56C410 becomes
56C410LE.
Versions with key operated switches
available to special order.
Internal interlock facility available on
three phase, one piece cover
combinations - add I to Catalogue
Number e.g. 56CV410 becomes
56CVI410.
Resistant Orange - add RO to
Catalogue Number e.g. 56CV410
becomes 56CV410RO.
Resistant White - add RW to
Catalogue Number e.g. 56C410
becomes 56C410RW.
Two piece versions available in
Chemical Grey. Chemical Grey -
add CG to Catalogue Number e.g.
56C410 becomes 56C410CG.

56C520(CG) 56C520(RO)

Options available

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 187 of 1072



48

101

REAR MECHANISMS

FRONT COMPLETEFRONT MOUNTING ENCLOSURE

FRONT MOUNTING ENCLOSURE SIDE COMPLETE FRONT COMPLETE

56C210

N A

ENTRIES

CUT-OUTS

CONDUIT
2 x M25

ENTRY
CONDUIT
1 x M25

CUT-OUT

CUT-OUT

1 x M32

1 x M25

L

C
1L 1L

REAR MECHANISMS REAR MECHANISMS

SIDE COMPLETE

56C310

L

AN

E

2 x M20
CONDUIT
ENTRIES

1 x M25
CONDUIT
ENTRY

2 x M20/25

56C310L

56C310RP

56C315

56C3/110

56C215/32

204

101

198

30 SERIES MECHSWITCH IS 

50

56C315HD
56C310HD

AA

74

140

50

50

40

18

38

80

18

C

40

50

140

75

5555

165

63

30

31

104

43

198 204

E L

REAR MECHANISMS

A A

IS PRESSURE PLATE TYPE
CONDUCTOR TERMINATION

ARE NOT IDENTIFIED
SWITCH TERMINALS

BACKWIRED
SWITCH IS

N N

E

N

56C310D
56C315D

L

AA

C1

REAR MECHANISMS

L

C

L 1

10

17

TECHNICAL DRAWINGS

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 188 of 1072



53

FRONT COMPLETEFRONT MOUNTING ENCLOSURE

CUT-OUTS

SIDE COMPLETE

2 x M20
CONDUIT
ENTRIES

1 x M25
CONDUIT
ENTRY

2 x M20/25

56CV310

204

101

198

30 SERIES MECHSWITCH IS 

74

140

50

50

40

18

38

80

18

C1

10

10

1L

C

N E A

C

REAR MECHANISMS

56CV315

30

FRONT MOUNTING ENCLOSURE

A

56CV310HD
56CV315HD

165 140

REAR MECHANISMS

A E

N

L

A

40

50

5555

50

CUT-OUT

CUT-OUT

1 x M25

1 x M32

75
CONDUIT

SWITCH IS
BACKWIRED

SWITCH TERMINALS
ARE NOT IDENTIFIED

CONDUCTOR TERMINATION
IS PRESSURE PLATE TYPE

SIDE COMPLETE

43

104

31

2 x M25
CONDUIT
ENTRIES

ENTRY
101

FRONT COMPLETE

198 204

63 1 x M25

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 189 of 1072



49

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 190 of 1072



ïç©©©ò·¬¬½¿²²±²ò½±³ñ°±©»®´±½µ

Ì¸» ÒÎÙ Í»¯«»²¬·¿´ ³¿¬·²¹ §¬»³ ½±³» ·² ¿ ïçM ®¿½µ º±®³¿¬ ¿²¼ ¹«¿®¿²¬»» ¬¸» °®±°»® »¯«»²½» ±º ³¿¬·²¹
¿²¼ «²ó³¿¬·²¹ ¿ »¬ ±º ÐÑÉÛÎÔÑÝÕ ½±²²»½¬±®ò

Ì¸» °¿¬»²¬»¼ ½¿³ ±°»®¿¬»¼ ½±ª»® ±² »¿½¸ ±º ¬¸» °¿²»´ ½±²²»½¬±® »²«®» ¬¸¿¬ ¬¸» ½±®®»½¬ »¯«»²½» ±º
Ù®±«²¼ô Ò»«¬®¿´ô Ð¸¿» ïô Ð¸¿» î ¿²¼ Ð¸¿» í · ¿¼¸»®»¼ ¬±±ò

Ñ²½» ½±²²»½¬»¼ô ¬¸» §¬»³ ½¿² ¾» ´±½µ»¼ ¾§ ¿ µ»§ ¬± °®»ª»²¬ «²ó³¿¬·²¹ ±º ¬¸» §¬»³ ¾§ «²¿«¬¸±®·¦»¼
°»±°´»ò Ú±® º«®¬¸»® ¿º»¬§ô ¬¸» «²·¬ ¿´± º»¿¬«®» ¿ ³·½®±ó©·¬½¸ ½±²²»½¬·±² ±² ¬¸» µ»§´±½µ ¬¸¿¬ ½¿² ¾» ¸±±µ»¼
«° ¬± ¿ ½·®½«·¬ ¾®»¿µ»®ò É¸»² ¬¸» µ»§´±½µ · ¼·¿¾´»¼ ¬¸» ½·®½«·¬ ¾®»¿µ»® ©·´´ ¬®·° ¿²¼ ·±´¿¬» ¬¸» °¿²»´ º®±³ ¬¸»
³¿·² °±©»®ô ¬¸« °®»ª»²¬·²¹ ¬¸» ¼·½±²²»½¬·±² ±º ¬¸» «²·¬ ©¸·´» «²¼»® ´±¿¼ò

ß °®·³¿®§ µ»§´±½µ ½¿² ¿´± ¾» «»¼ ©¸»² ¬¸» §¬»³ · ·¼´» ¬± °®»ª»²¬ «²¿«¬¸±®·¦»¼ ½±²²»½¬·±² ±º ¬¸» °±©»®
½¿¾´»ò

É·¬¸ ¬©± ½«®®»²¬ ®¿¬·²¹ ±°¬·±² ±º ìððß ¿²¼ êððßô ¬¸» ÒÎÙ ¾±¨ · ¿ª¿·´¿¾´» ¿ »·¬¸»® ¿ Ð¿²»´ Í±«®½» ±® Ð¿²»´
Ü®¿·² «²·¬ô »¿½¸ ¸¿ª·²¹ ¿² ×Ðêë ®¿¬·²¹ ©¸»² ³¿¬»¼ò Ì¸» ÒÎÙ §¬»³ · ½±³°´»¬»´§ ½±³°¿¬·¾´» ¿²¼
·²¬»®³¿¬»¿¾´» ©·¬¸ ¿´´ ±®·¹·²¿´ ÐÑÉÛÎÔÑÝÕ ½±²²»½¬±®ò Û«®±°»¿²ô ËÍßô ËÕ ¿²¼ ß«¬®¿´·¿² ½±´±«® ½±¼»
ª»®·±² ¿®» ¿ª¿·´¿¾´»ò

ÒÎÙ Í»¯«»²¬·¿´ Ó¿¬·²¹ Í§¬»³

ÒÎÙ Þ±¨ í Ð¸¿»ô Ò»«¬®¿´ ¿²¼ Û¿®¬¸ º±® ½±²²»½¬·±²
©·¬¸ ìððß Ô·²» Ü®¿·² Ý±²²»½¬±® ÒÎÙóëóÐÍóÛóìðð ßðððìëððê
ÒÎÙ Þ±¨ í Ð¸¿»ô Ò»«¬®¿´ ¿²¼ Û¿®¬¸ º±® ½±²²»½¬·±²
©·¬¸ ìððß Ô·²» Í±«®½» Ý±²²»½¬±® ÒÎÙóëóÐÜóÛóìðð ßðððìëððé
ÒÎÙ Þ±¨ í Ð¸¿»ô Ò»«¬®¿´ ¿²¼ Û¿®¬¸ º±® ½±²²»½¬·±²
©·¬¸ êêðß Ô·²» Ü®¿·² Ý±²²»½¬±® ÒÎÙóëóÐÍóÛóêðð ßðððìëððè
ÒÎÙ Þ±¨ í Ð¸¿»ô Ò»«¬®¿´ ¿²¼ Û¿®¬¸ º±® ½±²²»½¬·±²

©·¬¸ êêðß Ô·²» Í±«®½» Ý±²²»½¬±® ÒÎÙóëóÐÜóÛóêðð ßðððìëððç

Ü»½®·°¬·±² Ü»½®·°¬·±² Ý±¼» ×ÌÌ Ð¿®¬ Ò«³¾»®

Ó»½¸¿²·½¿´ Í¿º»¬§

Ð´«¹ ½±²²»½¬±® ´±½µ»¼
©¸»² «²¼»®´±¿¼ò

Û´»½¬®·½¿´ Í¿º»¬§

Ý±²²»½¬±® ñ Í©·¬½¸ º±®
®»³±¬» ½±²¬®±´ò

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 191 of 1072



îð©©©ò·¬¬½¿²²±²ò½±³ñ°±©»®´±½µ

Ì¸» Ð±©»®´±½µ Ð±©»® Ü·¬®·¾«¬·±² Ý¿¾·²»¬ ¸¿ ¾»»² ¼»·¹²»¼ ¿²¼ ¬»¬»¼ ¬± ½±²º±®³ ¬± ¬¸» ®»¯«·®»³»²¬ º±®
ÝÛ ³¿®µ·²¹ ¾§ ·³°´»³»²¬·²¹ ¬¸» ®»¯«·®»³»²¬ ±º ¬¸» Ô±© Ê±´¬¿¹» Ü·®»½¬·ª» øÔÊÜ÷ éíñîíñÛÛÝ ©¸·½¸ ·
·³°´»³»²¬»¼ ¿ ¬¸» Û´»½¬®·½¿´ Û¯«·°³»²¬ øÍ¿º»¬§÷ Î»¹«´¿¬·±² ïççìò

×¬ ½±³°´·» ©·¬¸ ¬¸» º±´´±©·²¹ °»½·º·½¿¬·±²æ
ÞÍ ÛÒ êðìíçóïæïçççô ÞÍ ÛÒ êðìíçóëæïççê ¿²¼ ×ÛÝ êðëîçæïççî

Ì¸» ½¿¾·²»¬ · º·¬¬»¼ ©·¬¸ »·¬¸»® ï ±® î ÒÎÙ »¯«»²¬·¿´ «²·¬ ®¿¬»¼ ¿¬ ìððß ±® êððßò Ì¸»» «²·¬ ¿´´±© ¿º»
½±²²»½¬·±² ·² ¬¸» ½±®®»½¬ »¯«»²½» ±º Ð±©»®´±½µ ½±²²»½¬±® øÙ®±«²¼ô Ò»«¬®¿´ô Ð¸¿» ïô Ð¸¿» îô Ð¸¿» í÷ò
Ì¸» «²·¬ ·²½±®°±®¿¬» ¿ µ»§ ´±½µ¿¾´» ©·¬½¸ ©¸·½¸ ½¿² ¾» ½±²²»½¬»¼ ¬± ¿«¨·´·¿®§ ¿º»¬§ ½·®½«·¬ò Ñ²½» ´±½µ»¼ô ·¬
°®»ª»²¬ «²³¿¬·²¹ ±º ¬¸» §¬»³ ¾§ «²¿«¬¸±®·¦»¼ °»®±²²»´ò

Ì¸» ½¿¾·²»¬ · º·¬¬»¼ ©·¬¸ »¨¬»®²¿´ ¿½½» ¿²¼ ¾´¿²µ·²¹ °¿²»´ ©¸·½¸ ¿®» ¼»·¹²»¼ ¬± ¿·¼ ·² ¬¸» ®±«¬·²¹ ±º ½¿¾´»
¾±¬¸ ·²¬± ¿²¼ ±«¬ ±º ±º ¬¸» ½¿¾·²»¬ò ß² ·²º±®³¿¬·±² °´¿¬» · º·¬¬»¼ ±²¬± ¬¸» ·¼» ±º ¬¸» ½¿¾·²»¬ ·²½±®°±®¿¬·²¹ ¼¿¬¿
º±® ¬®¿½»¿¾·´·¬§ò Ì¸» ½¿¾·²»¬ ¼±±® ·²½±®°±®¿¬» î ¼±±® ´±½µ ø¬®·¿²¹«´¿® µ»§ ¬§°»÷ º±® »½«®·¬§ò É¸»² ´¿¬½¸»¼ô ¬¸»
½¿¾·²»¬ ¸¿ ¿² ×ÐíìÜ »²ª·®±²³»²¬¿´ ®¿¬·²¹ò Ú±® ¿¼¼·¬·±²¿´ »½«®·¬§ô ¿ °¿¼´±½µ ½¿² ¿´± ¾» º·¬¬»¼ò Ú·¨·²¹ °´¿¬»
¿®» °®±ª·¼»¼ ¬± »²¿¾´» ¬¸» «²·¬ ¬± ¾» ¾» »½«®»´§ º·¨»¼ ¼«®·²¹ ·²¬¿´´¿¬·±²ô °®·±® ¬± »´»½¬®·½¿´ ±°»®¿¬·±²ò

Ì¸» ½¿¾·²»¬ · º·¬¬»¼ ©·¬¸ ¹»²»®·½ ¿º»¬§ ·¹²ò Ì¸»» ·¹² ¹·ª» ©¿®²·²¹ ±º ¬¸» °±¬»²¬·¿´ »´»½¬®·½¿´ ¸¿¦¿®¼ô
¬±¹»¬¸»® ©·¬¸ ³¿²¼¿¬±®§ ·¹² ®»¹¿®¼·²¹ ½¿¾·²»¬ »½«®·¬§ ¿²¼ ·±´¿¬·±²ò ß´´ ·¹² «°°´·»¼ ½±²º±®³ ¬± ¬¸»
½«®®»²¬ ®»¯«·®»³»²¬ ±º ¬¸» Ø»¿´¬¸ ¿²¼ Í¿º»¬§ øÍ¿º»¬§ Í·¹² ¿²¼ Í·¹²¿´÷ Î»¹«´¿¬·±²ò

Ð¿®¬ Ò«³¾»® Í¬®«½¬«®»

ðéèîïìóÈÈÈÈ

ðã ÒÎÙ º·¬¬»¼ ©·¬¸ Ð¿²»´ Í±«®½» Ý±²²»½¬±®
ïã ÒÎÙ º·¬¬»¼ ©·¬¸ Ð¿²»´ Ü®¿·² Ý±²²»½¬±®

ðã Ò± ¾«¾¿® º·¬¬»¼
ïã Þ±¬¬±³ ½¿¾´» »²¬®§ô ¾«¾¿® º·¬¬»¼
îã Ì±° ½¿¾´» »²¬®§ô ¾«¾¿® º·¬¬»¼

ìã ìððß ®¿¬·²¹
êã êððß ®¿¬·²¹

ïã ÒÎÙ »²½´±«®» ©·¬¸ ï¨ ÒÎÙ ¾±¨ øËÕ ½±´±«® ½±¼»÷
îã ÒÎÙ »²½´±«®» ©·¬¸ î¨ ÒÎÙ ¾±¨ øËÕ ½±´±«® ½±¼»÷
íã ÒÎÙ »²½´±«®» ©·¬¸ ï¨ ÒÎÙ ¾±¨ øÛË ½±´±«® ½±¼»÷
ìã ÒÎÙ »²½´±«®» ©·¬¸ î¨ ÒÎÙ ¾±¨ øÛË ½±´±«® ½±¼»÷

Ð±©»®´±½µ ÒÎÙ Ý¿¾·²»¬ ß»³¾´§

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 192 of 1072



îï©©©ò·¬¬½¿²²±²ò½±³ñ°±©»®´±½µ

{ Ý±³°´»¬»´§ ·²«´¿¬»¼ ©¸·½¸ ¿´´±© º±® ¼·®»½¬ ½±²²»½¬·±² ±º ¿ ¹»²»®¿¬±® ½¿¾´» ¬± ¿ ´·ª» ´±© ª±´¬¿¹» ¾«¾¿®ò

{ Ì¸» ½´¿³° · º·¨»¼ ¬± ¬¸» ¾«¾¿® ¾§ ³»¿² ±º ¿² ·²«´¿¬»¼ ¾±¨ °¿²²»® ©¸·½¸ ³»»¬ ¬¸» ®»¯«·®»³»²¬ ±º
×ÛÝ êðçðð ø´·ª» ©±®µ·²¹ô ¸¿²¼ ¬±±´ º±® «» «° ¬± ïðððÊ¿½ ¿²¼ ïëððÊ¼½÷ò

ß ÐÑÉÛÎÔÑÝÕ ¹»²»®¿¬±® ·²°«¬ ½±²²»½¬·±² °±·²¬ · ·²½±®°±®¿¬»¼ ©·¬¸·² ¬¸» ½´¿³° ¬± ¿´´±© º±® ¼·®»½¬ ½±²²»½¬·±²
±º ¬¸» ¹»²»®¿¬±® ½¿¾´» »²¼ò

Ì¸»» ¼»ª·½» ¿®» ®¿¬»¼ ¿¬ êêðß ½±²¬·²«±«ò Ì¸» ½´¿³° ¿®» ¿´± µ»§»¼ ¬± ¼·¬·²¹«·¸ ¾»¬©»»² °¸¿» ¿²¼
°®»ª»²¬ ½±²²»½¬·±² »®®±®ò

×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°

×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°ô
Ò»«¬®¿´ Õ»§ Ð±·¬·±² ñ Þ´«» ÔÊÞîððóÒóÞÔóÍ ßðððìëÍîÒ
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» ï Õ»§ Ð±·¬·±² ñ Þ®±©² ÔÊÞîððóïóÞÒóÍ ßðððìëÍîï
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» î Õ»§ Ð±·¬·±² ñ Þ´¿½µ ÔÊÞîððóîóÞÕóÍ ßðððìëÍîî
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» í Õ»§ Ð±·¬·±² ñ Ù®»§ ÔÊÞîððóíóÙÇóÍ ðéèîïìóêððð

×²«´¿¬»¼ Ø¿²¼´» ÔÊÔîððØ ßðððììðîé

Í¸±®¬ Ô»²¹¬¸ Û¨¬»²·±² ß®³

Ô±²¹ Û¨¬»²·±² ß®³

×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°ô
Ò»«¬®¿´ Õ»§ Ð±·¬·±² ñ Þ´«» ÔÊÞîððóÒóÞÔóÛ ßðððììÛíÒ
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» ï Õ»§ Ð±·¬·±² ñ Þ®±©² ÔÊÞîððóïóÞÒóÛ ßðððììÛíï
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» î Õ»§ Ð±·¬·±² ñ Þ´¿½µ ÔÊÞîððóîóÞÕóÛ ßðððììÛíî
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» í Õ»§ Ð±·¬·±² ñ Ù®»§ ÔÊÞîððóíóÙÇóÛ ßðððììÛìí

×²«´¿¬»¼ Ø¿²¼´» ÔÊÔîððØ ßðððììðîé

×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°ô
Ò»«¬®¿´ Õ»§ Ð±·¬·±² ñ Þ´«» ÔÊÞîððóÒóÞÔóÎ ðéèîïìóêðîí
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» ï Õ»§ Ð±·¬·±² ñ Þ®±©² ÔÊÞîððóïóÞÒóÎ ðéèîïìóêðîð
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» î Õ»§ Ð±·¬·±² ñ Þ´¿½µ ÔÊÞîððóîóÞÕóÎ ðéèîïìóêðîï
×²«´¿¬»¼ Ù Í¬§´» Ý´¿³°
Ô·²» í Õ»§ Ð±·¬·±² ñ Ù®»§ ÔÊÞîððóíóÙÇóÎ ðéèîïìóêðîî

×²«´¿¬»¼ Ø¿²¼´» ÔÊÔîððØ ßðððììðîé

Î·¹¸¬ ß²¹´» Û¨¬»²·±² ß®³
Ü»½®·°¬·±² Ü»½®·°¬·±² Ý±¼» ×ÌÌ Ð¿®¬ Ò«³¾»®

Ü»½®·°¬·±² Ü»½®·°¬·±² Ý±¼» ×ÌÌ Ð¿®¬ Ò«³¾»®

Ü»½®·°¬·±² Ü»½®·°¬·±² Ý±¼» ×ÌÌ Ð¿®¬ Ò«³¾»®

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 193 of 1072



Contents

1 How to Programme 3

How to operate graphical LCP (GLCP) 4

Display Mode 9

Display Mode - Selection of Displayed Variables 9

How to operate numeric LCP (NLCP) 11

Parameter Set-Up 13

2 Parameter Description 19

Main Menu - Operation and Display - Group 0 19

Main Menu - Load and Motor - Group 1 35

Main Menu - Brakes - Group 2 47

Main Menu - Reference/Ramps - Group 3 50

Main Menu - Limits/Warnings - Group 4 58

Main Menu - Digital In/Out - Group 5 63

Main Menu - Analog In/Out - Group 6 86

Main Menu - Communications and Options - Group 8 96

Main Menu - Profibus - Group 9 104

Main Menu - CAN Fieldbus - Group 10 113

Main Menu - Smart Logic - Group 13 119

Main Menu - Special Functions -Group 14 134

Main Menu - Frequency Converter Information - Group 15 143

Main Menu - Data Readouts - Group 16 150

Main Menu - Data Readouts 2 - Group 18 158

Main Menu - FC Closed Loop - Group 20 160

Main Menu - Extended Closed Loop - Group 21 170

Main Menu - Application Functions - Group 22 183

Main Menu - Time-based Functions - Group 23 198

Main Menu - Cascade Controller - Group 25 212

Main Menu - Analog I/O Option MCB 109 - Group 26 226

Main menu – Water application – Group 29 233

Main Menu - Bypass Option - Group 31 235

3 Parameter Lists 237

Parameter Options 237

Default settings 237

Operation/Display 0-** 238

Load/Motor 1-** 240

Brakes 2-** 242

Reference / Ramps 3-** 243

Limits / Warnings 4-** 244

VLT® AQUA Drive Programming Guide Contents

MG.20.O4.02 - VLT® is a registered Danfoss trademark 1

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 194 of 1072



Digital In/Out 5-** 245

Analog In/Out 6-** 246

Comm. and Options 8-** 247

Profibus 9-** 248

CAN Fieldbus 10-** 249

Smart Logic 13-** 250

Special Functions 14-** 251

FC Information 15-** 252

Data Readouts 16-** 254

Data Readouts 2 18-** 256

FC Closed Loop 20-** 257

Ext. Closed Loop 21-** 258

Application Functions 22-** 260

Timed Actions 23-** 262

Cascade Controller 25-** 263

Analog I/O Option MCB 109 26-** 265

Cascade CTL Option 27-** 266

Water Application Functions 29-** 268

Bypass Option 31-** 269

Index 270

Contents VLT® AQUA Drive Programming Guide

2 MG.20.O4.02 - VLT® is a registered Danfoss trademark

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 195 of 1072



1 How to Programme

VLT AQUA Drive
FC 200 Series

Software version: 1.33
   

This guide can be used with all FC 200 frequency converters with
software version 1.33 or later.

The actual software version number can be read from
par.15-43 Software Version.
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1.1.1 How to operate graphical LCP (GLCP) 

The following instructions are valid for the GLCP (LCP 102).

The GLCP is divided into four functional groups:

1. Graphical display with Status lines.

2. Menu keys and indicator lights (LED's) - selecting mode, changing parameters and switching between display functions.

3. Navigation keys and indicator lights (LEDs).

4. Operation keys and indicator lights (LEDs).

Graphical display:

The LCD-display is back-lit with a total of 6 alpha-numeric lines. All data is displayed on the LCP which can show up to five operating variables while in

[Status] mode.

Display lines:

a. Status line: Status messages displaying icons and graphics.

b. Line 1-2: Operator data lines displaying data and variables de-

fined or chosen by the user. By pressing the [Status] key, up to

one extra line can be added.

c. Status line: Status messages displaying text.

The display is divided into 3 sections:

Top section (a)

shows the status when in status mode or up to 2 variables when not in

status mode and in the case of Alarm/Warning.

The number of the Active Set-up (selected as the Active Set-up in par. 0-10) is shown. When programming in another Set-up than the Active Set-up, the

number of the Set-up being programmed appears to the right in brackets.

Middle section (b)

shows up to 5 variables with related unit, regardless of status. In case of alarm/warning, the warning is shown instead of the variables.

It is possible to toggle between three status read-out displays by pressing the [Status] key.

Operating variables with different formatting are shown in each status screen - see below.

Several values or measurements can be linked to each of the displayed operating variables. The values / measurements to be displayed can be defined

via par. 0-20, 0-21, 0-22, 0-23, and 0-24, which can be accessed via [QUICK MENU], "Q3 Function Setups", "Q3-1 General Settings", "Q3-11 Display

Settings".

Each value / measurement readout parameter selected in par. 0-20 to par. 0-24 has its own scale and number of digits after a possible decimal point.

Larger numeric values are displayed with few digits after the decimal point.

Ex.: Current readout
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5.25 A; 15.2 A 105 A.

Status display I

This read-out state is standard after start-up or initialization.

Use [INFO] to obtain information about the value/measurement linked to

the displayed operating variables (1.1, 1.2, 1.3, 2, and 3).

See the operating variables shown in the display in this illustration. 1.1,

1.2 and 1.3 are shown in small size. 2 and 3 are shown in medium size.
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1.1

1.3

 2

1.2

 3

Status display II

See the operating variables (1.1, 1.2, 1.3, and 2) shown in the display in

this illustration.

In the example, Speed, Motor current, Motor power and Frequency are

selected as variables in the first and second lines.

1.1, 1.2 and 1.3 are shown in small size. 2 is shown in large size.
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Status display III:

This state displays the event and action of the Smart Logic Control. For

further information, see section Smart Logic Control.
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Bottom section

always shows the state of the frequency converter in Status mode.
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Top section

Middle section

Bottom section

Display Contrast Adjustment

Press [status] and [▲] for darker display

Press [status] and [▼] for brighter display

Indicator lights (LEDs):

If certain threshold values are exceeded, the alarm and/or warning LED lights up. A status and alarm text appear on the control panel.

The On LED is activated when the frequency converter receives power from mains voltage, a DC bus terminal, or an external 24 V supply. At the same

time, the back light is on.

• Green LED/On: Control section is working.

• Yellow LED/Warn.: Indicates a warning.

• Flashing Red LED/Alarm: Indicates an alarm.
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GLCP keys

Menu keys

The menu keys are divided into functions. The keys below the display and

indicator lamps are used for parameter set-up, including choice of display

indication during normal operation.
130BP045.10

[Status]

Indicates the status of the frequency converter and/or the motor. 3 different readouts can be chosen by pressing the [Status] key:

5 line readouts, 4 line readouts or Smart Logic Control.

Use [Status] for selecting the mode of display or for changing back to Display mode from either the Quick Menu mode, the Main Menu mode or Alarm

mode. Also use the [Status] key to toggle single or double read-out mode.

[Quick Menu]

Allows quick set-up of the frequency converter. The most common functions can be programmed here.

The [Quick Menu] consists of:

- Q1: My Personal Menu

- Q2: Quick Setup

- Q3: Function Setups

- Q5: Changes Made

- Q6: Loggings

The Function set-up provides quick and easy access to all parameters required for the majority of water and wastewater applications including variable

torque, constant torque, pumps, dossing pumps, well pumps, booster pumps, mixer pumps, aeration blowers and other pump and fan applications.

Amongst other features it also includes parameters for selecting which variables to display on the LCP, digital preset speeds, scaling of analog references,

closed loop single zone and multi-zone applications and specific functions related to water and wastewater applications.

The Quick Menu parameters can be accessed immediately unless a password has been created via par. 0-60, 0-61, 0-65 or 0-66.

It is possible to switch directly between Quick Menu mode and Main Menu mode.

[Main Menu]

is used for programming all parameters.

The Main Menu parameters can be accessed immediately unless a password has been created via par. 0-60, 0-61, 0-65 or 0-66. For the majority of water

and wastewater applications it is not necessary to access the Main Menu parameters but instead the Quick Menu, Quick Setup and Function Setups

provides the simplest and quickest access to the typical required parameters.

It is possible to switch directly between Main Menu mode  and Quick Menu mode.

Parameter shortcut can be carried out by pressing down the [Main Menu] key for 3 seconds. The parameter shortcut allows direct access to any

parameter.

[Alarm Log]

displays an Alarm list of the five latest alarms (numbered A1-A5). To obtain additional details about an alarm, use the arrow keys to manoeuvre to the

alarm number and press [OK]. Information is displayed about the condition of the frequency converter before it enters the alarm mode.

[Back]

reverts to the previous step or layer in the navigation structure.

[Cancel]

last change or command will be cancelled as long as the display has not

been changed.

[Info]

displays information about a command, parameter, or function in any

display window. [Info] provides detailed information when needed.

Exit Info mode by pressing either [Info], [Back], or [Cancel].

1 How to Programme VLT® AQUA Drive Programming Guide

6 MG.20.O4.02 - VLT® is a registered Danfoss trademark

1  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 199 of 1072



   

   

Navigation Keys

The four navigation arrows are used to navigate between the different

choices available in [Quick Menu], [Main Menu] and [Alarm Log].

Use the keys to move the cursor.

[OK]

is used for choosing a parameter marked by the cursor and for enabling

the change of a parameter.

Operation Keys

for local control are found at the bottom of the control panel.

130BP046.10
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[Hand On]

enables control of the frequency converter via the GLCP. [Hand on] also starts the motor, and it is now possible to give the motor speed reference by

means of the arrow keys. The key can be Enabled [1] or Disabled [0] via par. 0-40 [Hand on] Key on LCP.

The following control signals will still be active when [Hand on] is activated:

• [Hand on] - [Off] - [Auto on]

• Reset

• Coasting stop inverse (motor coasting to stop)

• Reversing

• Set-up select lsb - Set-up select msb

• Stop command from serial communication

• Quick stop

• DC brake

NB!

External stop signals activated by means of control signals or a serial bus will override a “start” command via the LCP.

[Off]

stops the connected motor. The key can be Enabled [1] or Disabled [0] via par. 0-41 [Off] key on LCP. If no external stop function is selected and the

[Off] key is inactive the motor can only be stopped by disconnecting the mains supply.

[Auto On]

enables the frequency converter to be controlled via the control terminals and/or serial communication. When a start signal is applied on the control

terminals and/or the bus, the frequency converter will start. The key can be Enabled [1] or Disabled [0] via par. 0-42 [Auto on] key on LCP.

NB!

An active HAND-OFF-AUTO signal via the digital inputs has higher priority than the control keys [Hand on] – [Auto on].

[Reset]

is used for resetting the frequency converter after an alarm (trip). The key can be  Enabled [1] or Disabled [0] via par. 0-43 Reset Keys on LCP.

The parameter shortcut

can be carried out by holding down the [Main Menu] key for 3 seconds. The parameter shortcut allows direct access to any parameter.

 

1.1.2 Quick Transfer of Parameter Settings between Multiple Frequency Converters 

Once the set-up of a frequency converter is complete, we recommend

that you store the data in the LCP or on a PC via MCT 10 Set-up Software

Tool.
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Data storage in LCP:

1. Go to par.0-50 LCP Copy

2. Press the [OK] key

3. Select “All to LCP”

4. Press the [OK] key

All parameter settings are now stored in the LCP indicated by the progress bar. When 100% is reached, press [OK].

NB!

Stop the motor before performing this operation.

You can now connect the LCP to another frequency converter and copy the parameter settings to this frequency converter as well.

Data transfer from LCP to frequency converter:

1. Go to par.0-50 LCP Copy

2. Press the [OK] key

3. Select “All from LCP”

4. Press the [OK] key

The parameter settings stored in the LCP are now transferred to the frequency converter indicated by the progress bar. When 100% is reached, press

[OK].

NB!

Stop the motor before performing this operation.

 

1.1.3 Display Mode 

In normal operation, up to 5 different operating variables can be indicated continuously in the middle section: 1.1, 1.2, and 1.3 as well as 2 and 3.

 

1.1.4 Display Mode - Selection of Displayed Variables 

It is possible to toggle between three status read-out screens by pressing the [Status] key.

Operating variables with different formatting are shown in each status screen - see below.

Several measurements can be linked to each of the operating variables. Define the links via par. 0-20, 0-21, 0-22, 0-23, and 0-24.

Each readout parameter selected in par. 0-20 to par. 0-24 has its own scale and digits after a possible decimal point. By larger numeric value of a parameter

fewer digits are displayed after the decimal point.

Ex.: Current readout below: 5.25 A; 15.2 A 105 A.

Status screen I

This read-out state is standard after start-up or initialization.

Use [INFO] to obtain information about the measurement links to the

displayed operating variables /1.1, 1.2, 1.3, 2, and 3).

See the operating variables shown in the screen in this illustration. 1.1,

1.2 and 1.3 are shown in small size. 2 and 3 are shown in medium size.
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Status screen II:

See the operating variables (1.1, 1.2, 1.3, and 2) shown in the screen in

this illustration.

In the example, Speed, Motor current, Motor power and Frequency are

selected as variables in the first and second.

1.1, 1.2 and 1.3 are shown in small size. 2 is shown in large size.

In both status screen I and II it is possible to select other operating var-

iables by pressing ▲ or ▼ .
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Status screen III:

This state displays the event and action of the Smart Logic Control. For

further information, see section Smart Logic Control.
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1.1.5 How to operate numeric LCP (NLCP)

The following instructions are valid for the NLCP (LCP 101).

The control panel is divided into four functional groups:

1. Numeric display.

2. Menu key and indicator lights (LEDs) - changing parameters and

switching between display functions.

3. Navigation keys and indicator lights (LEDs).

4. Operation keys and indicator lights (LEDs).

NB!

Parameter copy is not possible with Numeric Local

Control Panel (LCP101).

Select one of the following modes:

Status Mode: Displays the status of the frequency converter or the mo-

tor.

If an alarm occurs, the NLCP automatically switches to status mode.

A number of alarms can be displayed.

Quick Setup or Main Menu Mode: Display parameters and parameter

settings.

Illustration 1.1: Numerical LCP (NLCP)
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Illustration 1.2: Status display example
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Illustration 1.3: Alarm display example

Indicator lights (LEDs):

• Green LED/On: Indicates if control section is on.

• Yellow LED/Wrn.: Indicates a warning.

• Flashing red LED/Alarm: Indicates an alarm.

Menu key

[Menu] Select one of the following modes:

• Status

• Quick Setup

• Main Menu
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Main Menu

is used for programming all parameters.

The parameters can be accessed immediately unless a password has been created via par.0-60 Main Menu Password, par.0-61 Access to Main Menu w/

o Password, par.0-65 Personal Menu Password or par.0-66 Access to Personal Menu w/o Password.

Quick Setup is used to set up the frequency converter using only the most essential parameters.

The parameter values can be changed using the up/down arrows when the value is flashing.

Select Main Menu by pressing the [Menu] key a number of times until the Main Menu LED is lit.

Select the parameter group [xx-__] and press [OK]

Select the parameter [__-xx] and press [OK]

If the parameter is an array parameter select the array number and press [OK]

Select the wanted data value and press [OK]

Navigation Keys

[Back]

for stepping backwards

Arrow [▲] [▼]

keys are used for manoeuvring between parameter groups, parameters

and within parameters

[OK]

is used for choosing a parameter marked by the cursor and for enabling

the change of a parameter.
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Illustration 1.4: Display example

Operation Keys

Keys for local control are found at the bottom of the control panel.

130BP046.10

Illustration 1.5: Operation keys of the numerical LCP (NLCP)

[Hand on]

enables control of the frequency converter via the LCP. [Hand on] also starts the motor and it is now possible to enter the motor speed data by means

of the arrow keys. The key can be Enabled [1] or Disabled [0] via par.0-40 [Hand on] Key on LCP.

External stop signals activated by means of control signals or a serial bus will override a 'start' command via the LCP.

The following control signals will still be active when [Hand on] is activated:

• [Hand on] - [Off] - [Auto on]

• Reset

• Coasting stop inverse

• Reversing

• Set-up select lsb - Set-up select msb

• Stop command from serial communication

• Quick stop

• DC brake

[Off]

stops the connected motor. The key can be Enabled [1] or Disabled [0] via par.0-41 [Off] Key on LCP.

If no external stop function is selected and the [Off] key is inactive the motor can be stopped by disconnecting the mains supply.

[Auto on]

enables the frequency converter to be controlled via the control terminals and/or serial communication. When a start signal is applied on the control

terminals and/or the bus, the frequency converter will start. The key can be Enabled [1] or Disabled [0] via par.0-42 [Auto on] Key on LCP.
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NB!

An active HAND-OFF-AUTO signal via the digital inputs has higher priority than the control keys [Hand on] [Auto on].

[Reset]

is used for resetting the frequency converter after an alarm (trip). The key can be Enabled [1] or Disabled [0] via par.0-43 [Reset] Key on LCP.

 

1.1.6 Parameter Set-Up 

The frequency converter can be used for practically all assignments, thus offering a significant number of parameters. The series offers a choice between

two programming modes - a Quick Menu mode and a Main Menu mode.

The latter provides access to all parameters. The former takes the user through a few parameters making it possible to program the majority of

water/ wastewater applications.

Regardless of the mode of programming, you can change a parameter both in the Quick Menu mode and in the Main Menu mode.

 

1.1.7 Quick Menu Mode

The GLCP provides access to all parameters listed under the Quick Menus. To set parameters using the [Quick Menu] button:

Pressing [Quick Menu] the list indicates the different areas contained in the Quick menu.

Efficient Parameter Set-up for Water Applications

The parameters can easily be set up for the vast majority of the water and wastewater applications only by using the [Quick Menu].

The optimum way to set parameters through the [Quick Menu] is by following the below steps:

1. Press [Quick Setup] for selecting basic motor settings, ramp times, etc.

2. Press [Function Setups] for setting up the required functionality of the frequency converter - if not already covered by the settings in [Quick

Setup].

3. Choose between General Settings, Open Loop Settings and Closed Loop Settings.

It is recommended to do the set-up in the order listed.

Illustration 1.6: Quick menu view.

Par. Designation [Units]

0-01 Language  

1-20 Motor Power [kW]

1-22 Motor Voltage [V]

1-23 Motor Frequency [Hz]

1-24 Motor Current [A]

1-25 Motor Nominal Speed [RPM]

3-41 Ramp 1 Ramp up Time [s]

3-42 Ramp 1 Ramp down Time [s]

4-11 Motor Speed Low Limit [RPM]

4-13 Motor Speed High Limit [RPM]

1-29 Automatic Motor Adaptation (AMA)  

Table 1.1: Quick Setup parameters

If No Operation is selected in terminal 27 no connection to +24 V on terminal 27 is necessary to enable start.

If Coast Inverse (factory default value) is selected in Terminal 27, a connection to +24V is necessary to enable start.

NB!

For detailed parameter descriptions, please see the following section on Commonly Used Parameters - Explanations.
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1.1.8 Q3 Function Setups 

The Function Setup provides quick and easy access to all parameters required for the majority of water and wastewater applications including variable

torque, constant torque, pumps, dossing pumps, well pumps, booster pumps, mixer pumps, aeration blowers and other pump and fan applications.

Amongst other features it also includes parameters for selecting which variables to display on the LCP, digital preset speeds, scaling of analog references,

closed loop single zone and multi-zone applications and specific functions related to water and wastewater applications.

How to access Function Set-up - example:

1
3
0
B
T
1
1
0
.1
0

Illustration 1.7: Step 1: Turn on the frequency converter (On

LED lights)

1
3
0
B
T
1
1
1
.1
0

Illustration 1.8: Step 2: Press the [Quick Menus] button

(Quick Menus choices appear).

1
3
0
B
T
1
1
2
.1
0

Illustration 1.9: Step 3: Use the up/down navigation keys to

scroll down to Function Setups. Press [OK].

1
3
0
B
A
5
0
0
.1
0

Illustration 1.10: Step 4: Function Setups choices appear.

Choose 03-1 General Settings. Press [OK].

1
3
0
B
A
5
0
1
.1
0

Illustration 1.11: Step 5: Use the up/down navigation keys

to scroll down to i.e. 03-12 Analog Outputs. Press [OK].

1
3
0
B
A
5
0
2
.1
0

Illustration 1.12: Step 6: Choose parameter 6-50 Terminal

42 Output. Press [OK].

1
3
0
B
A
5
0
3
.1
0

Illustration 1.13: Step 7: Use the up/down navigation keys

to select between the different choices. Press [OK].
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The Function Setup parameters are grouped in the following way:

Q3-1 General Settings
Q3-10 Clock Settings Q3-11 Display Settings Q3-12 Analog Output Q3-13 Relays
0-70 Set Date and Time 0-20 Display Line 1.1 Small 6-50 Terminal 42 Output Relay 1 ⇒ 5-40 Function Relay
0-71 Date Format 0-21 Display Line 1.2 Small 6-51 Terminal 42 Output Min Scale Relay 2 ⇒ 5-40 Function Relay
0-72 Time Format 0-22 Display Line 1.3 Small 6-52 Terminal 42 Output Max Scale Option relay 7 ⇒ 5-40 Function

Relay
0-74 DST/Summertime 0-23 Display Line 2 Large Option relay 8 ⇒ 5-40 Function

Relay
0-76 DST/Summertime Start 0-24 Display Line 3 Large Option relay 9 ⇒ 5-40 Function

Relay
0-77 DST/Summertime End 0-37 Display Text 1

0-38 Display Text 2
0-39 Display Text 3

Q3-2 Open Loop Settings
Q3-20 Digital Reference Q3-21 Analog Reference
3-02 Minimum Reference 3-02 Minimum Reference
3-03 Maximum Reference 3-03 Maximum Reference
3-10 Preset Reference 6-10 Terminal 53 Low Voltage
5-13 Terminal 29 Digital Input 6-11 Terminal 53 High Voltage
5-14 Terminal 32 Digital Input 6-14 Terminal 53 Low Ref/Feedb. Value
5-15 Terminal 33 Digital Input 6-15 Terminal 53 High Ref/Feedb. Value

Q3-3 Closed Loop Settings
Q3-30 Feedback Settings Q3-31 PID Settings
1-00 Configuration Mode 20-81 PID Normal/Inverse Control
20-12 Reference/Feedb.Unit 20-82 PID Start Speed [RPM]
3-02 Minimum Reference 20-21 Setpoint 1
3-03 Maximum Reference 20-93 PID Proportional Gain
6-20 Terminal 54 Low Voltage 20-94 PID Integral Time
6-21 Terminal 54 High Voltage
6-24 Terminal 54 Low Ref/Feedb Value
6-25 Terminal 54 High Ref/Feedb Value
6-00 Live Zero Timeout Time
6-01 Live Zero Timeout Function

 

1.1.9 Main Menu Mode 

Both the GLCP and NLCP provide access to the main menu mode. Select

the Main Menu mode by pressing the [Main Menu] key. Illustration 6.2

shows the resulting read-out, which appears on the display of the GLCP.

Lines 2 through 5 on the display show a list of parameter groups which

can be chosen by toggling the up and down buttons. 1
3
0
B
P
0
6
6
.1
0

Illustration 1.14: Display example.

Each parameter has a name and number which remain the same regardless of the programming mode. In the Main Menu mode, the parameters are

divided into groups. The first digit of the parameter number (from the left) indicates the parameter group number.

All parameters can be changed in the Main Menu. The configuration of the unit (par.1-00 Configuration Mode) will determine other parameters available

for programming. For example, selecting Closed Loop enables additional parameters related to closed loop operation. Option cards added to the unit

enable additional parameters associated with the option device.

 

1.1.10 Parameter Selection 

In the Main Menu mode, the parameters are divided into groups. Select

a parameter group by means of the navigation keys.

The following parameter groups are accessible:
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Group no. Parameter group:
0 Operation/Display
1 Load/Motor
2 Brakes
3 References/Ramps
4 Limits/Warnings
5 Digital In/Out
6 Analog In/Out
8 Comm. and Options
9 Profibus
10 CAN Fieldbus
11 LonWorks
13 Smart Logic
14 Special Functions
15 Drive Information
16 Data Readouts
18 Data Readouts 2
20 Drive Closed Loop
21 Ext. Closed Loop
22 Application Functions
23 Time-based Functions
24 Fire Mode
25 Cascade Controller
26 Analog I/O Option MCB 109

Table 1.2: Parameter groups.

After selecting a parameter group, choose a parameter by means of the

navigation keys.

The middle section on the GLCP display shows the parameter number and

name as well as the selected parameter value.

1
3
0
B
P
0
6
7
.1
0

Illustration 1.15: Display example.

 

1.1.11 Changing Data 

The procedure for changing data is the same whether you select a parameter in the Quick menu or the Main menu mode. Press [OK] to change the

selected parameter.

The procedure for changing data depends on whether the selected parameter represents a numerical data value or a text value.

 

1.1.12 Changing a Text Value 

If the selected parameter is a text value, change the text value by means

of the up/down navigation keys.

The up key increases the value, and the down key decreases the value.

Place the cursor on the value to be saved and press [OK].

1
3
0
B
P
0
6
8
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0

Illustration 1.16: Display example.
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1.1.13 Changing a Group of Numeric Data Values 

If the chosen parameter represents a numeric data value, change the

chosen data value by means of the [◄] and [►] navigation keys as well

as the up/down [▲] [▼] navigation keys. Use the ◄] and [►] navigation

keys to move the cursor horizontally.

1
3
0
B
P
0
6
9
.1
0

Illustration 1.17: Display example.

Use the up/down navigation keys to change the data value. The up key

enlarges the data value, and the down key reduces the data value. Place

the cursor on the value to be saved and press [OK].
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0
7
0
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0

Illustration 1.18: Display example.

 

1.1.14 Changing of Data Value, Step-by-Step 

Certain parameters can be changed step by step or infinitely variably. This applies to par.1-20 Motor Power [kW], par. 1-22 Motor Voltage and par.

1-23 Motor Frequency.

The parameters are changed both as a group of numeric data values and as numeric data values infinitely variably.

 

1.1.15 Read-out and Programming of Indexed Parameters  

Parameters are indexed when placed in a rolling stack.

par.15-30 Alarm Log: Error Code to par.15-32 Alarm Log: Time contain a fault log which can be read out. Choose a parameter, press [OK], and use the

up/down navigation keys to scroll through the value log.

Use par.3-10 Preset Reference as another example:

Choose the parameter, press [OK], and use the up/down navigation keys keys to scroll through the indexed values. To change the parameter value,

select the indexed value and press [OK]. Change the value by using the up/down keys. Press [OK] to accept the new setting. Press [Cancel] to abort.

Press [Back] to leave the parameter.

 

1.1.16 Initialisation to Default Settings 

Initialise the frequency converter to default settings in two ways:

Recommended initialisation (via par.14-22 Operation Mode)

1. Select par.14-22 Operation Mode

2. Press [OK]

3. Select “Initialisation”

4. Press [OK]

5. Cut off the mains supply and wait until the display turns off.

6. Reconnect the mains supply - the frequency converter is now

reset.

7. Change par.14-22 Operation Mode back to Normal Operation.
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NB!

Resets parameters selected in Personal Menu with default factory setting.

par.14-22 Operation Mode initialises all except:
par. 14-50 RFI Filter
par. 8-30 Protocol
par.8-31 Address
par.8-32 Baud Rate
par.8-35 Minimum Response Delay
par.8-36 Maximum Response Delay
par.8-37 Maximum Inter-Char Delay
par.15-00 Operating Hours to par.15-05 Over Volt's
par.15-20 Historic Log: Event to par.15-22 Historic Log: Time
par.15-30 Alarm Log: Error Code to par.15-32 Alarm Log: Time

Manual initialisation

1. Disconnect from mains and wait until the display turns off.
2a. Press [Status] - [Main Menu] - [OK] at the same time while power up for LCP 102, Graphical Display
2b. Press [Menu] while power up for LCP 101, Numerical Display
3. Release the keys after 5 s.
4. The frequency converter is now programmed according to default settings.
This procedure initializes all except: par.15-00 Operating Hours; par.15-03 Power Up's; par.15-04 Over Temp's; par.15-05 Over Volt's.

NB!

When you carry out manual initialisation, you also reset serial communication, par. 14-50 RFI Filter and fault log settings.

Removes parameters selected in par.25-00 Cascade Controller.

NB!

After initialization and power cycling, the display will not show any information until after a couple of minutes.
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2 Parameter Description

2.1.1 Parameter Set-Up 

Overview of parameter groups

Group Title Function
0- Operation / Display Parameters related to the fundamental functions of the frequency converter, function of

the LCP buttons and configuration of the LCP display.
1- Load / Motor Parameter group for motor settings.
2- Brakes Parameter group for setting brake features in the frequency converter.
3- Reference / Ramps Parameters for reference handling, definitions of limitations, and configuration of the re-

action of the frequency converter to changes.
4- Limits / Warnings Parameter group for configuring limits and warnings.
5- Digital In/Out Parameter group for configuring the digital inputs and outputs.
6- Analog In/Out Parameter group for configuration of the analog inputs and outputs.
8- Communication and Options Parameter group for configuring communications and options.
9- Profibus Parameter group for Profibus-specific parameters.
10- DeviceNet Fieldbus Parameter group for DeviceNet-specific parameters.
13- Smart Logic Parameter group for Smart Logic Control
14- Special Functions Parameter group for configuring special frequency converter functions.
15- Drive Information Parameter group containing frequency converter information such as operating data,

hardware configuration and software versions.
16- Data Readouts Parameter group for data read-outs, e.g. actual references, voltages, control, alarm,

warning and status words.
18- Info and Readouts This parameter group contains the last 10 Preventive Maintenance logs.
20- Drive Closed Loop This parameter group is used for configuring the closed loop PID Controller that controls

the output frequency of the unit.
21- Extended Closed Loop Parameters for configuring the three Extended Closed Loop PID Controllers.
22- Application Functions These parameters monitor water applications.
23- Time-based Functions These parameters are for actions needed to be performed on a daily or weekly basis, e.g.

different references for working hours/non-working hours.
25- Basic Cascade Controller Functions Parameters for configuring the Basic Cascade Controller for sequence control of multiple

pumps.
26- Analog I/0 Option MCB 109 Parameters for configuring the Analog I/0 Option MCB 109.
27- Extended Cascade Control Parameters for configuring the Extended Cascade Control.
29- Water Application Functions Parameters for setting water specific functions.
31- Bypass Option Parameters for configuring the Bypass Option

Table 2.1: Parameter Groups

Parameter descriptions and selections are displayed on the graphic (GLCP) or numeric (NLCP) in the display area. (See Section 5 for details.) Access the

parameters by pressing the [Quick Menu] or [Main Menu] key on the control panel. The quick menu is used primarily for commissioning the unit at start-

up by providing those parameters necessary to start operation. The main menu provides access to all parameters for detailed application programming.

All digital input/output and analog input/output terminals are multifunctional. All terminals have factory default functions suitable for the majority of water

applications but if other special functions are required, they must be programmed in parameter group 5 or 6.

2.2 Main Menu - Operation and Display - Group 0

2.2.1 0-** Operation / Display

Parameters related to the fundamental functions of the frequency converter, function of the LCP buttons and configuration of the LCP display.

 

2.2.2 0-0* Basic Settings

Parameter group for basic frequency converter settings.
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0-01  Language

Option: Function:
Defines the language to be used in the display.

The frequency converter can be delivered with 2 different language packages. English and German

are included in both packages. English cannot be erased or manipulated.

[0] * English Part of Language packages 1 - 2

[1] Deutsch Part of Language packages 1 - 2

[2] Francais Part of Language package 1

[3] Dansk Part of Language package 1

[4] Spanish Part of Language package 1

[5] Italiano Part of Language package 1

[6] Svenska Part of Language package 1

[7] Nederlands Part of Language package 1

[10] Chinese Language package 2

[20] Suomi Part of Language package 1

[22] English US Part of Language package 1

[27] Greek Part of Language package 1

[28] Bras.port Part of Language package 1

[36] Slovenian Part of Language package 1

[39] Korean Part of Language package 2

[40] Japanese Part of Language package 2

[41] Turkish Part of Language package 1

[42] Trad.Chinese Part of Language package 2

[43] Bulgarian Part of Language package 1

[44] Srpski Part of Language package 1

[45] Romanian Part of Language package 1

[46] Magyar Part of Language package 1

[47] Czech Part of Language package 1

[48] Polski Part of Language package 1

[49] Russian Part of Language package 1

[50] Thai Part of Language package 2

[51] Bahasa Indonesia Part of Language package 2
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0-02  Motor Speed Unit

Option: Function:
This parameter cannot be adjusted while the motor is running.

The display showing depends on settings in par.0-02 Motor Speed Unit and par.0-03 Regional Set-

tings. The default setting of par.0-02 Motor Speed Unit and par.0-03 Regional Settings depends on

which region of the world the frequency converter is supplied to, but can be re-programmed as

required.

NB!

Changing the Motor Speed Unit will reset certain parameters to their initial value.

It is recommended to select the motor speed unit first, before modifying other

parameters.

[0] RPM Selects display of motor speed variables and parameters (i.e. references, feedbacks and limits) in

terms of motor speed (RPM).

[1] * Hz Selects display of motor speed variables and parameters (i.e. references, feedbacks and limits) in

terms of output frequency to the motor (Hz).

0-03  Regional Settings

Option: Function:
This parameter cannot be adjusted while the motor is running.

The display showing depends on settings in par.0-02 Motor Speed Unit and par.0-03 Regional Set-

tings. The default setting of par.0-02 Motor Speed Unit and par.0-03 Regional Settings depends on

which region of the world the frequency converter is supplied to but can be re-programmed as

required.

[0] * International Sets par.1-20 Motor Power [kW] units to [kW] and the default value of par.1-23 Motor Frequency

[50 Hz].

[1] North America Sets par.1-21 Motor Power [HP] units to HP and the default value of par.1-23 Motor Frequency to

60 Hz.

The setting not used is made invisible.

0-04  Operating State at Power-up

Option: Function:
Select the operating mode upon reconnection of the frequency converter to mains voltage after

power down when operating in Hand (local)mode.

[0] * Resume Resumes operation of the frequency converter maintaining the same local reference and the same

start/stop condition (applied by [Hand On]/[Off] on the LCP or Hand Start via a digital input as

before the frequency converter was powered down.

[1] Forced stop, ref=old Uses saved reference [1] to stop the frequency converter but at the same time retain in memory

the local speed reference prior to power down. After mains voltage is reconnected and after re-

ceiving a start command (using the LCP [Hand On] button or Hand Start command via a digital

input) the frequency converter restarts and operates at the retained speed reference.

 

2.2.3 0-1* Set-up Operations

Define and control the individual parameter set-ups.

The frequency converter has four parameter setups that can be programmed independently of each other. This makes the frequency converter very

flexible and able to meet the requirements of many different AQUA system control schemes often saving the cost of external control equipment. For

example these can be used to program the frequency converter to operate according to one control scheme in one setup (e.g. daytime operation) and

another control scheme in another setup (e.g. night set back). Alternatively they can be used by an AHU or packaged unit OEM to identically program all

their factory fitted frequency converters for different equipment models within a range to have the same parameters and then during production/com-

missioning simply select a specific setup depending on which model within that range the frequency converter is installed on.
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The active setup (i.e. the setup in which the frequency converter is currently operating) can be selected in parameter 0-10 and is displayed in the LCP.

Using Multi set-up it is possible to switch between set-ups with the frequency converter running or stopped, via digital input or serial communication

commands (e.g. for night set back). If it is necessary to change setups whilst running, ensure parameter 0-12 is programmed as required. For the majority

of AQUA applications it will not be necessary to program parameter 0-12 even if change of set up whilst running is required, but for very complex

applications, using the full flexibility of the multiple setups, it may be required. Using parameter 0-11 it is possible to edit parameters within any of the

setups whilst continuing the frequency converter operation in its Active Setup which can be a different setup to that being edited. Using parameter 0-51

it is possible to copy parameter settings between the set-ups to enable quicker commissioning if similar parameter settings are required in different set-

ups.

0-10  Active Set-up

Option: Function:
Select the set-up in which the frequency converter is to operate.

Use par.0-51 Set-up Copy to copy a set-up to one or all other set-ups. To avoid conflicting settings

of the same parameter within two different set-ups, link the set-ups together using par.0-12 This

Set-up Linked to. Stop the frequency converter before switching between set-ups where parameters

marked ‘not changeable during operation’ have different values.

Parameters which are ‘not changeable during operation’ are marked FALSE in the parameter lists in

the section Parameter Lists

[0] Factory setup Cannot be changed. It contains the Danfoss data set, and can be used as a data source when

returning the other set-ups to a known state.

[1] * Set-up 1 Set-up 1 [1] to Set-up 4 [4] are the four separate parameter set-ups within which all parameters

can be programmed.

[2] Set-up 2

[3] Set-up 3

[4] Set-up 4

[9] Multi Set-up Is used for remote selection of set-ups using digital inputs and the serial communication port. This

set-up uses the settings from par.0-12 This Set-up Linked to.

0-11  Programming Set-up

Option: Function:
Select the set-up to be edited (i.e. programmed) during operation; either the active set-up or one

of the inactive set-ups. The set-up number being edited is displayed in the LCP in (brackets).

[0] Factory setup cannot be edited but it is useful as a data source to return the other set-ups to a known state.

[1] Set-up 1 Set-up 1 [1] to Set-up 4 [4] can be edited freely during operation, independently of the active set-

up.

[2] Set-up 2

[3] Set-up 3

[4] Set-up 4

[9] * Active Set-up (i.e. the set-up in which the frequency converter is operating) can also be edited during operation.

Editing parameters in the chosen setup would normally be done from the LCP but it is also possible

from any of the serial communication ports.

0-12  This Set-up Linked to

Option: Function:
This parameter only needs to be programmed if changing set-ups is required whilst the motor is

running. It ensures that parameters which are "not changeable during operation" have the same

setting in all relevant set-ups.

To enable conflict-free changes from one set-up to another whilst the frequency converter is run-

ning, link set-ups containing parameters which are not changeable during operation. The link will

ensure synchronising of the ‘not changeable during operation’ parameter values when moving from

one set-up to another during operation. ‘Not changeable during operation’ parameters can be iden-

tified by the label FALSE in the parameter lists in the section Parameter Lists.
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The par.0-12 This Set-up Linked to feature is used when Multi set-up in par.0-10 Active Set-up is

selected. Multi set-up can be used to move from one set-up to another during operation (i.e. while

the motor is running).

Example:

Use Multi set-up to shift from Set-up 1 to Set-up 2 whilst the motor is running. Programme param-

eters in Set-up 1 first, then ensure that Set-up 1 and Set-up 2 are synchronised (or ‘linked’).

Synchronisation can be performed in two ways:

1. Change the edit set-up to Set-up 2 [2] in par.0-11 Programming Set-up and set par.0-12 This

Set-up Linked to to Set-up 1 [1]. This will start the linking (synchronising) process.

1
3
0
B
P
0
7
5
.1
0

OR

2. While still in Set-up 1, using par.0-50 LCP Copy, copy Set-up 1 to Set-up 2. Then set par.

0-12 This Set-up Linked to to Set-up 2 [2]. This will start the linking process.

1
3
0
B
P
0
7
6
.1
0

After the link is complete, par.0-13 Readout: Linked Set-ups will read {1,2} to indicate that all ‘not

changeable during operation’ parameters are now the same in Set-up 1 and Set-up 2. If there are

changes to a ‘not changeable during operation’ parameter, e.g. par.1-30 Stator Resistance (Rs), in

Set-up 2, they will also be changed automatically in Set-up 1. A switch between Set-up 1 and Set-

up 2 during operation is now possible.

[0] * Not linked

[1] Set-up 1

[2] Set-up 2

[3] Set-up 3

[4] Set-up 4
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0-13  Readout: Linked Set-ups
Array [5]

Range: Function:
0 N/A*   [0 - 255 N/A] View a list of all the set-ups linked by means of par.0-12 This Set-up Linked to. The parameter has

one index for each parameter set-up. The parameter value displayed for each index represents

which setups are linked to that parameter setup.

Index LCP value

0 {0}

1 {1,2}

2 {1,2}

3 {3}

4 {4}

Table 2.3: Example: Set-up 1 and Set-up 2 are linked

0-14  Readout: Prog. Set-ups / Channel

Range: Function:
0 N/A*   [-2147483648 - 2147483647 N/A] View the setting of par.0-11 Programming Set-up for each of the four different communication

channels. When the number is displayed in hex, as it is in the LCP, each number represents one

channel.

Numbers 1-4 represent a set-up number; ‘F’ means factory setting; and ‘A’ means active set-up.

The channels are, from right to left: LCP, FC bus, USB, HPFB1.5.

Example: The number AAAAAA21h means that the FC bus selected Set-up 2 in par.0-11 Program-

ming Set-up, the LCP selected Set-up 1 and all others used the active set-up.

 

2.2.4 0-2* LCP Display

Define the variables displayed in the Graphical Local Control Panel.

NB!

Please refer to par.0-37 Display Text 1, par.0-38 Display Text 2 and par.0-39 Display Text 3 for information on how to write display

texts

0-20  Display Line 1.1 Small

Option: Function:
Select a variable for display in line 1, left position.

[0] None No display value selected

[37] Display Text 1 Present control word

[38] Display Text 2 Enables an individual text string to be written, for display in the LCP or to be read via serial com-

munication.

[39] Display Text 3 Enables an individual text string to be written, for display in the LCP or to be read via serial com-

munication.

[89] Date and Time Readout Displays the current date and time.

[953] Profibus Warning Word Displays Profibus communication warnings.

[1005] Readout Transmit Error Counter View the number of CAN control transmission errors since the last power-up.

[1006] Readout Receive Error Counter View the number of CAN control receipt errors since the last power-up.

[1007] Readout Bus Off Counter View the number of Bus Off events since the last power-up.

[1013] Warning Parameter View a DeviceNet-specific warning word. One separate bit is assigned to every warning.

[1115] LON Warning Word Shows the LON-specific warnings.
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[1117] XIF Revision Shows the version of the external interface file of the Neuron C chip on the LON option.

[1118] LON Works Revision Shows the software version of the application program of the Neuron C chip on the LON option.

[1500] Operating Hours View the number of running hours of the frequency converter.

[1501] Running Hours View the number of running hours of the motor.

[1502] kWh Counter View the mains power consumption in kWh.

[1600] Control Word View the Control Word sent from the frequency converter via the serial communication port in hex

code.

[1601] * Reference [Unit] Total reference (sum of digital/analog/preset/bus/freeze ref./catch up and slow-down) in selected

unit.

[1602] Reference % Total reference (sum of digital/analog/preset/bus/freeze ref./catch up and slow-down) in percent.

[1603] Status Word Present status word

[1605] Main Actual Value [%] One or more warnings in a Hex code

[1609] Custom Readout View the user-defined readouts as defined in par. 0-30, 0-31 and 0-32.

[1610] Power [kW] Actual power consumed by the motor in kW.

[1611] Power [hp] Actual power consumed by the motor in HP.

[1612] Motor Voltage Voltage supplied to the motor.

[1613] Motor Frequency Motor frequency, i.e. the output frequency from the frequency converter in Hz.

[1614] Motor Current Phase current of the motor measured as effective value.

[1615] Frequency [%] Motor frequency, i.e. the output frequency from the frequency converter in percent.

[1616] Torque [Nm] Present motor load as a percentage of the rated motor torque.

[1617] Speed [RPM] Speed in RPM (revolutions per minute) i.e. the motor shaft speed in closed loop based on the entered

motor nameplate data, the output frequency and the load on the frequency converter.

[1618] Motor Thermal Thermal load on the motor, calculated by the ETR function. See also parameter group 1-9* Motor

Temperature.

[1622] Torque [%] Shows the actual torque produced, in percentage.

[1630] DC Link Voltage Intermediate circuit voltage in the frequency converter.

[1632] BrakeEnergy/s Present brake power transferred to an external brake resistor.

Stated as an instantaneous value.

[1633] BrakeEnergy/2 min Brake power transferred to an external brake resistor. The mean power is calculated continuously

for the most recent 120 seconds.

[1634] Heatsink Temp. Present heat sink temperature of the frequency converter. The cut-out limit is 95 ±5 oC; cutting

back in occurs at 70 ±5° C.

[1635] Thermal Drive Load Percentage load of the inverters

[1636] Inv. Nom. Current Nominal current of the frequency converter

[1637] Inv. Max. Current Maximum current of the frequency converter

[1638] SL Control State State of the event executed by the control

[1639] Control Card Temp. Temperature of the control card.

[1650] External Reference Sum of the external reference as a percentage, i.e. the sum of analog/pulse/bus.

[1652] Feedback [Unit] Signal value in units from the programmed digital input(s).

[1653] Digi Pot Reference View the contribution of the digital potentiometer to the actual reference Feedback.

[1654] Feedback 1 [Unit] View the value of Feedback 1. See also par. 20-0*.

[1655] Feedback 2 [Unit] View the value of Feedback 2. See also par. 20-0*.

[1656] Feedback 3 [Unit] View the value of Feedback 3. See also par. 20-0*.

[1658] PID Output [%] Returns the Drive Closed Loop PID controller output value in percent.

[1659] Adjusted Setpoint Displays the actual operating set-point after it is modified by flow compensation. See parameters

22-8*.

[1660] Digital Input Displays the status of the digital inputs. Signal low = 0; Signal high = 1.

Regarding order, see par. 16-60. Bit 0 is at the extreme right.

[1661] Terminal 53 Switch Setting Setting of input terminal 53. Current = 0; Voltage = 1.
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[1662] Analog Input 53 Actual value at input 53 either as a reference or protection value.

[1663] Terminal 54 Switch Setting Setting of input terminal 54. Current = 0; Voltage = 1.

[1664] Analog Input 54 Actual value at input 54 either as reference or protection value.

[1665] Analog Output 42 [mA] Actual value at output 42 in mA. Use par. 6-50 to select the variable to be represented by output

42.

[1666] Digital Output [bin] Binary value of all digital outputs.

[1667] Freq. Input #29 [Hz] Actual value of the frequency applied at terminal 29 as a pulse input.

[1668] Freq. Input #33 [Hz] Actual value of the frequency applied at terminal 33 as a pulse input.

[1669] Pulse Output #27 [Hz] Actual value of pulses applied to terminal 27 in digital output mode.

[1670] Pulse Output #29 [Hz] Actual value of pulses applied to terminal 29 in digital output mode.

[1671] Relay Output [bin] View the setting of all relays.

[1672] Counter A View the present value of Counter A.

[1673] Counter B View the present value of Counter B.

[1675] Analog input X30/11 Actual value of the signal on input X30/11 (General Purpose I/O Card. Option)

[1676] Analog input X30/12 Actual value of the signal on input X30/12 (General Purpose I/O Card. Optional)

[1677] Analog output X30/8 [mA] Actual value at output X30/8 (General Purpose I/O Card. Optional) Use Par. 6-60 to select the var-

iable to be shown.

[1680] Fieldbus CTW 1 Control word (CTW) received from the Bus Master.

[1682] Fieldbus REF 1 Main reference value sent with control word via the serial communications network e.g. from the

BMS, PLC or other master controller.

[1684] Comm. Option STW Extended fieldbus communication option status word.

[1685] FC Port CTW 1 Control word (CTW) received from the Bus Master.

[1686] FC Port REF 1 Status word (STW) sent to the Bus Master.

[1690] Alarm Word One or more alarms in a Hex code (used for serial communications)

[1691] Alarm Word 2 One or more alarms in a Hex code (used for serial communications)

[1692] Warning Word One or more warnings in a Hex code (used for serial communications)

[1693] Warning Word 2 One or more warnings in a Hex code (used for serial communications)

[1694] Ext. Status Word One or more status conditions in a Hex code (used for serial communications)

[1695] Ext. Status Word 2 One or more status conditions in a Hex code (used for serial communications)

[1696] Maintenance Word The bits reflect the status for the programmed Preventive Maintenance Events in parameter group

23-1*

[1830] Analog Input X42/1 Shows the value of the signal applied to terminal X42/1 on the Analog I/O card.

[1831] Analog Input X42/3 Shows the value of the signal applied to terminal X42/3 on the Analog I/O card.

[1832] Analog Input X42/5 Shows the value of the signal applied to terminal X42/5 on the Analog I/O card.

[1833] Analog Out X42/7 [V] Shows the value of the signal applied to terminal X42/7 on the Analog I/O card.

[1834] Analog Out X42/9 [V] Shows the value of the signal applied to terminal X42/9 on the Analog I/O card.

[1835] Analog Out X42/11 [V] Shows the value of the signal applied to terminal X42/11 on the Analog I/O card.

[2117] Ext. 1 Reference [Unit] The value of the reference for extended Closed Loop Controller 1

[2118] Ext. 1 Feedback [Unit] The value of the feedback signal for extended Closed Loop Controller 1

[2119] Ext. 1 Output [%] The value of the output from extended Closed Loop Controller 1

[2137] Ext. 2 Reference [Unit] The value of the reference for extended Closed Loop Controller 2

[2138] Ext. 2 Feedback [Unit] The value of the feedback signal for extended Closed Loop Controller 2

[2139] Ext. 2 Output [%] The value of the output from extended Closed Loop Controller 2

[2157] Ext. 3 Reference [Unit] The value of the reference for extended Closed Loop Controller 3

[2158] Ext. 3 Feedback [Unit] The value of the feedback signal for extended Closed Loop Controller 3

[2159] Ext. Output [%] The value of the output from extended Closed Loop Controller 3

[2230] No-Flow Power The calculated No Flow Power for the actual operating speed

[2580] Cascade Status Status for the operation of the Cascade Controller
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[2581] Pump Status Status for the operation of each individual pump controlled by the Cascade Controller

[2791] Cascade Reference Reference output for use with follower drives.

[2792] % Of Total Capacity Readout parameter to show the system operating point as a % capacity of total system capacity.

[2793] Cascade Option Status Readout parameter to show the status of the cascade system.

0-21  Display Line 1.2 Small

Option: Function:
Select a variable for display in line 1, middle position.

[1662] * Analog input 53 The options are the same as those listed for par. 0-20 Display Line 1.1 Small.

0-22  Display Line 1.3 Small

Option: Function:
Select a variable for display in line 1, right position.

[1614] * Motor Current The options are the same as those listed for par. 0-20 Display Line 1.1 Small.

0-23  Display Line 2 Large

Option: Function:
Select a variable for display in line 2.

[1615] * Frequency The options are the same as those listed for par. 0-20 Display Line 1.1 Small

0-24  Display Line 3 Large

Option: Function:
[1652] * Feedback [Unit] The options are the same as those listed for par. 0-20 Display Line 1.1 Small.

Select a variable for display in line 2.

0-25  My Personal Menu

Range: Function:
0 N/A*   [0 - 9999 N/A]

 

2.2.5 0-3*LCP Custom Readout

It is possible to customize the display elements for various purposes: *Custom Readout. Value proportional to speed (Linear, squared or cubed depending

on unit selected in par.0-30 Custom Readout Unit) *Display Text. Text string stored in a parameter.

Custom Readout

The calculated value to be displayed is based on settings in par.0-30 Custom Readout Unit, par.0-31 Custom Readout Min Value (linear only), par.

0-32 Custom Readout Max Value, par.4-13 Motor Speed High Limit [RPM], par.4-14 Motor Speed High Limit [Hz] and actual speed.
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The relation will depend on the type of unit selected in par.0-30 Custom Readout Unit:

Unit Type Speed Relation

Dimensionless Linear

Speed

Flow, volume

Flow, mass

Velocity

Length

Temperature

Pressure Quadratic

Power Cubic

0-30  Custom Readout Unit

Option: Function:
Program a value to be shown in the display of the LCP. The value has a linear, squared or cubed

relation to speed. This relation depends on the unit selected (see table above). The actual calculated

value can be read in par.16-09 Custom Readout, and/or shown in the display be selecting Custom

Readout [16-09] in par. 0-20 Display Line 1.1 Small to par. 0-24 Display Line 3 Large.

[0]

[1] * %

[5] PPM

[10] 1/min

[11] RPM

[12] Pulse/s

[20] l/s

[21] l/min

[22] l/h

[23] m³/s

[24] m³/min

[25] m³/h

[30] kg/s

[31] kg/min

[32] kg/h
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[33] t/min

[34] t/h

[40] m/s

[41] m/min

[45] m

[60] °C

[70] mbar

[71] bar

[72] Pa

[73] kPa

[74] m WG

[75] mm Hg

[80] kW

[120] GPM

[121] gal/s

[122] gal/min

[123] gal/h

[124] CFM

[125] ft³/s

[126] ft³/min

[127] ft³/h

[130] lb/s

[131] lb/min

[132] lb/h

[140] ft/s

[141] ft/min

[145] ft

[160] °F

[170] psi

[171] lb/in²

[172] in WG

[173] ft WG

[174] in Hg

[180] HP

0-31  Custom Readout Min Value

Range: Function:
0.00 Cus-

tomReadou-

tUnit*

  [0.00 - 100.00 CustomReadoutUnit] This parameter allows the choice of the min. value of the custom defined readout (occurs at zero

speed). It is only possible to select a value different to 0 when selecting a linear unit in par.

0-30 Custom Readout Unit. For Quadratic and Cubic units the minimum value will be 0.

0-32  Custom Readout Max Value

Range: Function:
100.00 Cus-

tomReadou-

tUnit*

  [par. 0-31 - 999999.99 CustomRea-

doutUnit]

This parameter sets the max value to be shown when the speed of the motor has reached the set

value for par.4-13 Motor Speed High Limit [RPM] or par.4-14 Motor Speed High Limit [Hz] (depends

on setting in par. 0-02).
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0-37  Display Text 1

Range: Function:
0 N/A*   [0 - 0 N/A] In this parameter it is possible to write an individual text string for display in the LCP or to be read

via serial communication. If to be displayed permanently select Display Text 1 in par. 0-20 Display

Line 1.1 Small, par. 0-21 Display Line 1.2 Small, par. 0-22 Display Line 1.3 Small, par. 0-23 Display

Line 2 Large or par. 0-24 Display Line 3 Large. Use the ▲ or ▼ buttons on the LCP to change a

character. Use the ◀ and ▶ buttons to move the cursor. When a character is highlighted by the

cursor, it can be changed. Use the ▲ or ▼ buttons on the LCP to change a character. A character

can be inserted by placing the cursor between two characters and pressing ▲ or ▼.

0-38  Display Text 2

Range: Function:
0 N/A*   [0 - 0 N/A] In this parameter it is possible to write an individual text string for display in the LCP or to be read

via serial communication. If to be displayed permanently select Display Text 2 in par. 0-20 Display

Line 1.1 Small, par. 0-21 Display Line 1.2 Small, par. 0-22 Display Line 1.3 Small, par. 0-23 Display

Line 2 Large or par. 0-24 Display Line 3 Large. Use the ▲ or ▼ buttons on the LCP to change a

character. Use the ◀ and ▶ buttons to move the cursor. When a character is highlighted by the

cursor, this character can be changed. A character can be inserted by placing the cursor between

two characters and pressing ▲ or ▼.

0-39  Display Text 3

Range: Function:
0 N/A*   [0 - 0 N/A] In this parameter it is possible to write an individual text string for display in the LCP or to be read

via serial communication. If to be displayed permanently select Display Text 3 in par. 0-20 Display

Line 1.1 Small,par. 0-21 Display Line 1.2 Small, par. 0-22 Display Line 1.3 Small, par. 0-23 Display

Line 2 Large or par. 0-24 Display Line 3 Large. Use the ▲ or ▼ buttons on the LCP to change a

character. Use the ◀ and ▶ buttons to move the cursor. When a character is highlighted by the

cursor, this character can be changed. A character can be inserted by placing the cursor between

two characters and pressing ▲ or ▼.

 

2.2.6 LCP Keypad, 0-4*

Enable, disable and password protect individual keys on the LCP.

0-40  [Hand on] Key on LCP

Option: Function:
[0] Disabled No function

[1] * Enabled [Hand on] Key enabled

[2] Password Avoid unauthorized start in Hand mode. If par.0-40 [Hand on] Key on LCPis included in the My

Personal Menu, then define the password in par.0-65 Personal Menu Password. Otherwise define

the password in par.0-60 Main Menu Password.

0-41  [Off] Key on LCP

Option: Function:
[0] Disabled No function

[1] * Enabled [Off] Key is enabled

[2] Password Avoid unauthorized stop. If par.0-41 [Off] Key on LCP0-41 [Off] Key on LCP is included in the My

Personal Menu, then define the password in par.0-65 Personal Menu Password0-65 Personal Menu

Password. Otherwise define the password in par.0-60 Main Menu Password0-60 Main Menu Pass-

word.
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0-42  [Auto on] Key on LCP

Option: Function:
[0] Disabled No function

[1] * Enabled [Auto on] Key is enabled

[2] Password Avoid unauthorized start in Auto mode. If par.0-42 [Auto on] Key on LCP is included in the My

Personal Menu, then define the password in par.0-65 Personal Menu Password. Otherwise define

the password in par.0-60 Main Menu Password.

0-43  [Reset] Key on LCP

Option: Function:
[0] Disabled No function

[1] * Enabled [Reset] Key is enabled

[2] Password Avoid unauthorized resetting. If par.0-43 [Reset] Key on LCP is included in the par. 0-25 My Personal

Menu, then define the password in par.0-65 Personal Menu Password. Otherwise define the pass-

word in par.0-60 Main Menu Password.

 

2.2.7 0-5* Copy / Save

Copy parameter settings between set-ups and to/from the LCP.

0-50  LCP Copy

Option: Function:
[0] * No copy No function

[1] All to LCP Copies all parameters in all set-ups from the frequency converter memory to the LCP memory. For

service purposes it is recommended to copy all parameters to the LCP after commissioning.

[2] All from LCP Copies all parameters in all set-ups from the LCP memory to the frequency converter memory.

[3] Size indep. from LCP Copies only the parameters that are independent of the motor size. The latter selection can be used

to programme several frequency converters with the same function without disturbing motor data

which are already set.

This parameter cannot be adjusted while the motor is running.

0-51  Set-up Copy

Option: Function:
[0] * No copy No function

[1] Copy to set-up 1 Copies all parameters in the present Programming Set-up (defined in par.0-11 Programming Set-

up) to Set-up 1.

[2] Copy to set-up 2 Copies all parameters in the present Programming Set-up (defined in par.0-11 Programming Set-

up) to Set-up 2.

[3] Copy to set-up 3 Copies all parameters in the present Programming Set-up (defined in par.0-11 Programming Set-

up) to Set-up 3.

[4] Copy to set-up 4 Copies all parameters in the present Programming Set-up (defined in par.0-11 Programming Set-

up) to Set-up 4.

[9] Copy to all Copies the parameters in the present set-up over to each of the set-ups 1 to 4.

 

2.2.8 0-6* Password 

Define password access to menus.
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0-60  Main Menu Password

Range: Function:
100 N/A*   [0 - 999 N/A] Define the password for access to the Main Menu via the [Main Menu] key. If par.0-61 Access to

Main Menu w/o Password is set to Full access [0], this parameter will be ignored.

0-61  Access to Main Menu w/o Password

Option: Function:
[0] * Full access Disables password defined in par.0-60 Main Menu Password.

[1] Read only Prevent unauthorized editing of Main Menu parameters.

[2] No access Prevent unauthorized viewing and editing of Main Menu parameters.

If Full access [0] is selected then par.0-60 Main Menu Password, par.0-65 Personal Menu Password and par.0-66 Access to Personal Menu w/o Pass-

word will be ignored.

0-65  Personal Menu Password

Range: Function:
200 N/A*   [0 - 999 N/A] Define the password for access to the My Personal Menu via the [Quick Menu] key. If par.

0-66 Access to Personal Menu w/o Password is set to Full access [0], this parameter will be ignored.

0-66  Access to Personal Menu w/o Password

Option: Function:
[0] * Full access Disables password defined in par.0-65 Personal Menu Password.

[1] Read only Prevents unauthorized editing of My Personal Menu parameters.

[2] No access Prevents unauthorized viewing and editing of My Personal Menu parameters.

If par.0-61 Access to Main Menu w/o Password is set to Full access [0], this parameter will be ignored.

 

2.2.9 Clock Settings, 0-7*

Set the time and date of the internal clock. The internal clock can be used for e.g. Timed Actions, energy log, Trend Analysis, date/time stamps on alarms,

Logged data and Preventive Maintenance.

It is possible to program the clock for Daylight Saving Time / summertime, weekly working days/non-working days including 20 exceptions (holidays

etc.). Although the clock settings can be set via the LCP, they can also be set along with timed actions and preventative maintenance functions using the

MCT10 software tool.

NB!

The frequency converter has no back up of the clock function and the set date/time will reset to default (2000-01-01 00:00) after a

power down unless a Real Time Clock module with back up is installed. If no module with back up is installed, it is recommended the

clock function is only used if the frequency converter is integrated into an external system using serial communications, with the system

maintaining synchronization of control equipment clock times. In par. 0-79, Clock Fault, it is possible to program for a Warning in case

clock has not been set properly, e.g. after a power down.

0-70  Set Date and Time

Range: Function:
2000-01-01

00:00 –

2099-12-01

23:59 *

  [2000-01-01 00:00] Sets the date and time of the internal clock. The format to be used is set in par. 0-71 and 0-72.

NB!

This parameter does not display the actual time. This can be read in par. 0-89.

The clock will not begin counting until a setting different from default has been

made.

2 Parameter Description VLT® AQUA Drive Programming Guide

32 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 225 of 1072



0-71  Date Format

Option: Function:
[0] * YYYY-MM-DD Sets the date format to be used in the LCP.

[1] DD-MM-YYYY Sets the date format to be used in the LCP.

[2] MM/DD/YYYY Sets the date format to be used in the LCP.

0-72  Time Format

Option: Function:
Sets the time format to be used in the LCP.

[0] * 24 h

[1] 12 h

0-73  Time Zone Offset

Option: Function:
[0.00] -12.00 - 13.00 Sets the time zone offset to UTC, this is needed for automatic DST adjustment.

0-74  DST/Summertime

Option: Function:
Choose how Daylight Saving Time/Summertime should be handled. For manual DST/Summertime

enter the start date and end date in par.0-76 DST/Summertime Start and par.0-77 DST/Summertime

End.

[0] * Off

[2] Manual

0-76  DST/Summertime Start

Range: Function:
0 N/A*   [0 - 0 N/A] Sets the date and time when summertime/DST starts. The date is programmed in the format se-

lected in par. 0-71 Date Format.

0-77  DST/Summertime End

Range: Function:
0 N/A*   [0 - 0 N/A] Sets the date and time when summertime/DST ends. The date is programmed in the format selected

in par. 0-71 Date Format.

0-79  Clock Fault

Option: Function:
Enables or disables the clock warning, when the clock has not been set or has been reset due to a

power-down and no backup is installed.

[0] * Disabled

[1] Enabled

0-81  Working Days

Array with 7 elements [0] - [6] displayed below parameter number in display. Press OK and step between elements by means of ▲ and ▼ buttons on

the LCP.

Option: Function:
Set for each weekday if it is a working day or a non-working day. First element of the array is

Monday. The working days are used for Timed Actions.

[0] * No

[1] Yes
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0-82  Additional Working Days

Array with 5 elements [0] - [4] displayed below parameter number in display. Press OK and step between elements by means of ▲ and▼ buttons on

the LCP.

Range: Function:
0 N/A*   [0 - 0 N/A] Defines dates for additional working days that normally would be non-working days according to

par.0-82 Additional Working Days.

0-83  Additional Non-Working Days

Array with 15 elements [0] - [14] displayed below parameter number in display. Press OK and step between elements by means of ▲ and▼ buttons

on the LCP.

Range: Function:
0 N/A*   [0 - 0 N/A] Defines dates for additional working days that normally would be non-working days according to

par.0-81 Working Days.

0-89  Date and Time Readout

Range: Function:
0 N/A*   [0 - 0 N/A] Displays the current date and time. The date and time is updated continuously.

The clock will not begin counting until a setting different from default has been made in

par. 0-70 Date and Time.
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2.3 Main Menu - Load and Motor - Group 1

2.3.1 General Settings, 1-0*

Define whether the frequency converter operates in open loop or closed loop.

1-00  Configuration Mode

Option: Function:
[0] * Open Loop Motor speed is determined by applying a speed reference or by setting desired speed when in Hand

Mode.

Open Loop is also used if the frequency converter is part of a closed loop control system based on

an external PID controller providing a speed reference signal as output.

[3] Closed Loop Motor Speed will be determined by a reference from the built-in PID controller varying the motor

speed as part of a closed loop control process (e.g. constant pressure or flow). The PID controller

must be configured in par. 20-** or via the Function Setups accessed by pressing the [Quick Menus]

button.

NB!

This parameter cannot be changed when motor is running.

NB!

When set for Closed Loop, the commands Reversing and Start Reversing will not reverse the direction of the motor.

 

2.3.2 Motor Control Principle, 1-01

1-01  Motor Control Principle

Option: Function:
Select the motor control principle.

[0] U/f

[1] * VVC+

1-03  Torque Characteristics

Option: Function:
[0] Constant Torque For speed control of constant torque applications like axial pumps, positive displacement pumps and

blowers. Provides a voltage which is optimized for a constant torque load characteristic of the motor

in the entire speed range.

[1] Variable torque For speed control of centrifugal pumps and fans. Also to be used when controlling more than one

motor from the same frequency converter (e.g. multiple condenser fans or cooling tower fans).

Provides a voltage which is optimized for a squared torque load characteristic of the motor.

[2] Auto energy optim. CT For optimum energy efficient speed control of axial pumps, positive displacement (PD) pumps and

blowers. Provides a voltage which is optimized for a constant torque load characteristic of the motor

in the entire speed range but in addition the AEO feature will adapt the voltage exactly to the current

load situation, thereby reducing energy consumption and audible noise from the motor. To obtain

optimal performance, the motor power factor cos phi must be set correctly. This value is set in par.

14-43, Motor cos phi. The parameter has a default value which is automatically adjusted when the

motor data is programmed. These settings will typically ensure optimum motor voltage but if the

motor power factor cos phi requires tuning, an AMA function can be carried out using par. 1-29,
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Automatic Motor Adaptation (AMA). It is very rarely necessary to adjust the motor power factor

parameter manually.

[3] * Auto energy optim. VT For optimum energy efficient speed control of centrifugal pumps and fans. Provides a voltage which

is optimized for a squared torque load characteristic of the motor but in addition the AEO feature

will adapt the voltage exactly to the current load situation, thereby reducing energy consumption

and audible noise from the motor. To obtain optimal performance, the motor power factor cos phi

must be set correctly. This value is set in par. 14-43, Motor cos phi. The parameter has a default

value and is automatically adjusted when the motor data is programmed. These settings will typically

ensure optimum motor voltage but if the motor power factor cos phi requires tuning, an AMA func-

tion can be carried out using par. 1-29, Automatic Motor Adaptation (AMA). It is very rarely

necessary to adjust the motor power factor parameter manually.

 

2.3.3 1-2* Motor Data

Parameter group 1-2* comprises input data from the nameplate on the connected motor.

Parameters in parameter group 1-2* cannot be adjusted while the motor is running.

NB!

Changing the value of these parameters affects the setting of other parameters.

1-20  Motor Power [kW]

Range: Function:
4.00 kW*   [0.09 - 3000.00 kW] Enter the nominal motor power in kW according to the motor nameplate data. The default value

corresponds to the nominal rated output of the unit.

This parameter cannot be adjusted while the motor is running. Depending on the choices made in

par.0-03 Regional Settings, either par.1-20 Motor Power [kW] or par.1-21 Motor Power [HP] is made

invisible.

1-21  Motor Power [HP]

Range: Function:
4.00 hp*   [0.09 - 3000.00 hp] Enter the nominal motor power in HP according to the motor nameplate data. The default value

corresponds to the nominal rated output of the unit.

This parameter cannot be adjusted while the motor is running.

Depending on the choices made in par.0-03 Regional Settings, either par.1-20 Motor Power [kW]

or par.1-21 Motor Power [HP] is made invisible.

1-22  Motor Voltage

Range: Function:
Size rela-

ted*

  [200 - 1000 V] Enter the nominal motor voltage according to the motor nameplate data. The default value corre-

sponds to the nominal rated output of the unit.

This parameter cannot be adjusted while the motor is running.

1-23  Motor Frequency

Range: Function:
50. Hz*   [20 - 1000 Hz] Select the motor frequency value from the motor nameplate data.For 87 Hz operation with 230/400

V motors, set the nameplate data for 230 V/50 Hz. Adapt par.4-13 Motor Speed High Limit [RPM]

and par.3-03 Maximum Reference to the 87 Hz application.
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NB!

This parameter cannot be adjusted while the motor is running.

1-24  Motor Current

Range: Function:
7.20 A*   [0.10 - 10000.00 A] Enter the nominal motor current value from the motor nameplate data. This data is used for cal-

culating motor torque, motor thermal protection etc.

NB!

This parameter cannot be adjusted while the motor is running.

1-25  Motor Nominal Speed

Range: Function:
1420. RPM*   [100 - 60000 RPM] Enter the nominal motor speed value from the motor nameplate data. This data is used for calcu-

lating automatic motor compensations.

NB!

This parameter cannot be changed while the motor is running.

1-28  Motor Rotation Check

Option: Function:
Following installation and connection of the motor, this function allows the correct motor rotation

direction to be verified. Enabling this function overrides any bus commands or digital inputs, except

External Interlock and Safe Stop (if included).

[0] * Off Motor Rotation Check is not active.

[1] Enabled Motor Rotation Check is enabled. Once enabled, Display shows:

“Note! Motor may run in wrong direction”.

Pressing [OK], [Back] or [Cancel] will dismiss the message and display a new message: “Press [Hand on] to start the motor. Press [Cancel] to abort”.

Pressing [Hand on] starts the motor at 5 Hz in forward direction and the display shows: “Motor is running. Check if motor rotation direction is correct.

Press [Off] to stop the motor”. Pressing [Off] stops the motor and resets par.1-28 Motor Rotation Check. If motor rotation direction is incorrect, two

motor phase cables should be interchanged. IMPORTANT:

Mains power must be removed before disconnecting motor phase cables.
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1-29  Automatic Motor Adaptation (AMA)

Option: Function:
The AMA function optimizes dynamic motor performance by automatically optimizing the advanced

motor parameters par.1-30 Stator Resistance (Rs) to par.1-35 Main Reactance (Xh)) while the motor

is stationary.

[0] * Off No function

[1] Enable complete AMA performs AMA of the stator resistance RS, the rotor resistance Rr, the stator leakage reactance X1,

the rotor leakage reactance X2 and the main reactance Xh.

[2] Enable reduced AMA performs a reduced AMA of the stator resistance Rs in the system only. Select this option if an LC

filter is used between the frequency converter and the motor.

Activate the AMA function by pressing [Hand on] after selecting [1] or [2]. See also the section Automatic Motor Adaptation. After a normal sequence,

the display will read: “Press [OK] to finish AMA”. After pressing the [OK] key the frequency converter is ready for operation.

Note:

• For the best adaptation of the frequency converter, run AMA on a cold motor

• AMA cannot be performed while the motor is running

NB!

It is important to set motor par. 1-2* Motor Data correctly, since these form part of the AMA algorithm. An AMA must be performed

to achieve optimum dynamic motor performance. It may take up to 10 min., depending on motor power rating.

NB!

Avoid generating external torque during AMA

NB!

If one of the settings in par. 1-2* Motor Data is changed, par.1-30 Stator Resistance (Rs) to par.1-39 Motor Poles, the advanced motor

parameters, will return to default setting.

This parameter cannot be adjusted while the motor is running

NB!

Full AMA should be run without filter only while reduced AMA should be run with filter.

See section: Application Examples > Automatic Motor Adaptation in the Design Guide.

 

2.3.4 1-3* Adv. Motor Data

Parameters for advanced motor data. The motor data in par.1-30 Stator Resistance (Rs) to par.1-39 Motor Poles must match the relevant motor in order

to run the motor optimally. The default settings are figures based on common motor parameter values from normal standard motors. If the motor

parameters are not set correctly, a malfunction of the frequency converter system may occur. If the motor data is not known, running an AMA (Automatic

Motor Adaptation) is recommended. See the Automatic Motor Adaptation section. The AMA sequence will adjust all motor parameters except the moment

of inertia of the rotor and the iron loss resistance (par.1-36 Iron Loss Resistance (Rfe)).

Par. 1-3* and par. 1-4* cannot be adjusted while the motor is running.
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Illustration 2.1: Motor equivalent diagram for an asynchronous motor

1-30  Stator Resistance (Rs)

Range: Function:
1.4000

Ohm*

  [0.0140 - 140.0000 Ohm] Set the stator resistance value. Enter the value from a motor data sheet or perform an AMA on a

cold motor. This parameter cannot be adjusted while the motor is running.

1-35  Main Reactance (Xh)

Range: Function:
100.0000

Ohm*

  [1.0000 - 10000.0000 Ohm] Set the main reactance of the motor using one of these methods:

1. Run an AMA on a cold motor. The frequency converter will measure the value from the

motor.

2. Enter the Xh value manually. Obtain the value from the motor supplier.

3. Use the Xh default setting. The frequency converter establishes the setting on the basis of

the motor name plate data.

NB!

This parameter cannot be adjusted while running.

1-36  Iron Loss Resistance (Rfe)

Range: Function:
10000.000

Ohm*

  [0 - 10000.000 Ohm] Enter the equivalent iron loss resistance (RFe) value to compensate for iron losses in the motor.

The RFe value cannot be found by performing an AMA.

The RFe  value is especially important in torque control applications. If RFe is unknown, leave par.

1-36 Iron Loss Resistance (Rfe) on default setting.

NB!

This parameter cannot be adjusted while the motor is running.
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1-39  Motor Poles

Range: Function:
4. N/A*   [2 - 100 N/A] Enter the number of motor poles.

Poles ~nn@ 50 Hz ~nn@60 Hz
2 2700 - 2880 3250 - 3460
4 1350 - 1450 1625 - 1730
6 700 - 960 840 - 1153

The table shows the number of poles for normal speed ranges of various motor types. Define motors

designed for other frequencies separately. The motor pole value is always an even number, because

it refers to the total number of poles, not pairs of poles. The frequency converter creates the initial

setting of par.1-39 Motor Poles based on par.1-23 Motor Frequency Motor Frequency and par.

1-25 Motor Nominal Speed Motor Nominal Speed.

This parameter cannot be adjusted while the motor is running.

 

2.3.5 1-5* Load Indep. Setting

Parameters for setting the load-independent motor settings.

1-50  Motor Magnetisation at Zero Speed

Range: Function:
100 %*   [0 - 300 %] Use this parameter along with par.1-51 Min Speed Normal Magnetising [RPM] to obtain a different

thermal load on the motor when running at low speed.

Enter a value which is a percentage of the rated magnetizing current. If the setting is too low, the

torque on the motor shaft may be reduced.

1-51  Min Speed Normal Magnetising [RPM]

Range: Function:
15. RPM*   [10 - 300 RPM] Set the required speed for normal magnetising current. If the speed is set lower than the motor slip

speed, par.1-50 Motor Magnetisation at Zero Speed and par.1-51 Min Speed Normal Magnetising

[RPM] are of no significance.

Use this parameter along with par.1-50 Motor Magnetisation at Zero Speed. See drawing for par.

1-50 Motor Magnetisation at Zero Speed.

1-52  Min Speed Normal Magnetising [Hz]

Range: Function:
0.5 Hz*   [0.3 - 10.0 Hz] Set the required frequency for normal magnetising current. If the frequency is set lower than the

motor slip frequency, par.1-50 Motor Magnetisation at Zero Speed and par.1-51 Min Speed Normal

Magnetising [RPM] are inactive.

Use this parameter along with par.1-50 Motor Magnetisation at Zero Speed. See drawing for par.

1-50 Motor Magnetisation at Zero Speed.

1-55  U/f Characteristic - U

Range: Function:
0 V*   [0.0 - 1000.0 V] Enter the voltage at each frequency point to manually form a U/f characteristic matching the motor.
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The frequency points are defined in par.1-56 U/f Characteristic - F.

This parameter is an array parameter [0-5] and is only accessible when par. 1-01 Motor Control

Principle is set to U/f [0].

1-56  U/f Characteristic - F

Range: Function:
0 Hz*   [0 - 1000.0 Hz] Enter the frequency points to manually form a U/f-characteristic matching the motor.

The voltage at each point is defined in par.1-55 U/f Characteristic - U.

This parameter is an array parameter [0-5] and is only accessible when par. 1-01 Motor Control

Principle is set to U/f [0].

 

2.3.6 1-6* Load Depend. Setting

Parameters for adjusting the load-dependent motor settings.

1-60  Low Speed Load Compensation

Range: Function:
100 %*   [0 - 300 %] Enter the % value to compensate voltage in relation to load when the motor is running at low speed

and obtain the optimum U/f characteristic. The motor size determines the frequency range within

which this parameter is active.

Motor size Change over
0.25 kW - 7.5 kW < 10 Hz
11 kW - 45 kW < 5 Hz
55 kW - 550 kW < 3-4 Hz

VLT® AQUA Drive Programming Guide 2 Parameter Description

MG.20.O4.02 - VLT® is a registered Danfoss trademark 41

  2

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 234 of 1072



1-61  High Speed Load Compensation

Range: Function:
100 %*   [0 - 300 %] Enter the % value to compensate voltage in relation to load when the motor is running at high speed

and obtain the optimum U/f characteristic. The motor size determines the frequency range within

which this parameter is active.

Motor size Change-over
0.25 kW - 7.5 kW > 10 Hz
11 kW - 45 kW < 5 Hz
55 kW - 550 kW < 3-4 Hz

1-62  Slip Compensation

Range: Function:
0 %*   [-500 - 500 %] Enter the % value for slip compensation, to compensate for tolerances in the value of nM,N. Slip

compensation is calculated automatically, i.e. on the basis of the rated motor speed nM,N.

1-63  Slip Compensation Time Constant

Range: Function:
0.10 s*   [0.05 - 5.00 s] Enter the slip compensation reaction speed. A high value results in slow reaction, and a low value

results in quick reaction. If low-frequency resonance problems arise, use a longer time setting.

1-64  Resonance Dampening

Range: Function:
100 %*   [0 - 500 %] Enter the resonance dampening value. Set par.1-64 Resonance Dampening and par.1-65 Resonance

Dampening Time Constant to help eliminate high-frequency resonance problems. To reduce reso-

nance oscillation, increase the value of par.1-64 Resonance Dampening.

1-65  Resonance Dampening Time Constant

Range: Function:
5 ms*   [5 - 50 ms] Set par.1-64 Resonance Dampening and par.1-65 Resonance Dampening Time Constant to help

eliminate high-frequency resonance problems. Enter the time constant that provides the best damp-

ening.

 

2.3.7 1-7* Start Adjustments

Parameters for setting special motor start features.
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1-71  Start Delay

Range: Function:
0.0 s*   [0.0 - 120.0 s] The function selected in par.1-80 Function at Stop is active in the delay period.

Enter the time delay required before commencing acceleration.

1-73  Flying Start

Option: Function:
This function makes it possible to catch a motor, in both directions, which is spinning freely due to

a mains drop-out.

[0] * Disabled No function

[1] Enabled Enables frequency converter to “catch” and control a spinning motor.

When par. 1-73 is enabled, par. 1-71 Start Delay has no function.

Search direction for flying start is linked to the setting in par. 4-10, Motor Speed Direction.

Clockwise [0]: Flying start search in clockwise direction. If not successful, a DC brake is carried out.

Both Directions [2]: The flying start will first make a search in the direction determined by the last reference (direction). If not finding the speed it will

make a search in the other direction. If not successful, a DC brake will be activated in the time set in par. 2-02, Braking Time. Start will then take place

from 0 Hz.

1-74  Start Speed [RPM]

Range: Function:
0 RPM*   [0 - 600 RPM] Set a motor start speed. After the start signal, the output speed leaps to set value. Set the start

function in par. 1-72 Start Function to [3], [4] or [5], and set a start delay time in par. 1-71 Start

Delay.

1-75  Start Speed [Hz]

Range: Function:
0 Hz*   [0.0 - 500.0 Hz] Set a motor start speed. After the start signal, the output speed leaps to set value. Set the start

function in par. 1-72 Start Function to [3], [4] or [5], and set a start delay time in par. 1-71 Start

Delay.

1-76  Start Current

Range: Function:
0.00 A*   [0.00 - par. 1-24 A] Some motors, e.g. cone rotor motors, need extra current/starting speed to disengage the rotor. To

obtain this boost, set the required current in par.1-76 Start Current. Set par.1-74 Start Speed

[RPM]. Set par. 1-72 Start Function to [3] or [4], and set a start delay time in par. 1-71 Start

Delay.

This parameter can be used for hoist applications (cone rotor).

 

2.3.8 1-8* Stop Adjustments

Parameters for setting special stop features for the motor.

1-80  Function at Stop

Option: Function:
Select the frequency converter function after a stop command or after the speed is ramped down

to the settings in par.1-81 Min Speed for Function at Stop [RPM].

[0] * Coast Leaves motor in free mode.

[1] DC Hold/Motor Preheat Energizes motor with a DC holding current (see par.2-00 DC Hold/Preheat Current).
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1-81  Min Speed for Function at Stop [RPM]

Range: Function:
3. RPM*   [0 - 600 RPM] Set the speed at which to activate par.1-80 Function at Stop.

1-82  Min Speed for Function at Stop [Hz]

Range: Function:
0.1 Hz*   [0.0 - 20.0 Hz] Set the output frequency at which to activate par.1-80 Function at Stop.

 

2.3.9 1-9* Motor Temperature

Parameters for setting the temperature protection features for the motor.

1-90  Motor Thermal Protection

Option: Function:
The frequency converter determines the motor temperature for motor protection in two different

ways:

• Via a thermistor sensor connected to one of the analog or digital inputs (par.1-93 Ther-

mistor Source).

• Via calculation (ETR = Electronic Thermal Relay) of the thermal load, based on the actual

load and time. The calculated thermal load is compared with the rated motor current

IM,N and the rated motor frequency fM,N. The calculations estimate the need for a lower

load at lower speed due to less cooling from the fan incorporated in the motor.

[0] No protection If the motor is continuously overloaded and no warning or trip of frequency converter is wanted.

[1] Thermistor warning Activates a warning when the connected thermistor in the motor reacts in the event of motor over-

temperature.

[2] Thermistor trip Stops (trips) the frequency converter when the connected thermistor in the motor reacts in the

event of motor over-temperature.

[3] ETR warning 1

[4] * ETR trip 1

[5] ETR warning 2

[6] ETR trip 2

[7] ETR warning 3

[8] ETR trip 3

[9] ETR warning 4

[10] ETR trip 4

ETR (Electronic Thermal Relay) functions 1-4 will calculate the load when set-up where they were selected is active. For example ETR-3 starts calculating

when set-up 3 is selected. For the North American market: The ETR functions provide class 20 motor overload protection in accordance with NEC.
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NB!

Danfoss recommends using 24 VDC as thermistor supply voltage.

1-91  Motor External Fan

Option: Function:
[0] * No No external fan is required, i.e. the motor is derated at low speed.

[1] Yes Applies an external motor fan (external ventilation), so no derating of the motor is required at low

speed. The graph below is followed if the motor current is lower than nominal motor current (see

par.1-24 Motor Current). If the motor current exceeds nominal current, the operation time still de-

creases as if no fan were installed.
��
��

��
��

���

1-93  Thermistor Source

Option: Function:
Select the input to which the thermistor (PTC sensor) should be connected. An analog input option

[1] or [2] cannot be selected if the analog input is already in use as a reference source (selected in

par.3-15 Reference 1 Source, par.3-16 Reference 2 Source or par.3-17 Reference 3 Source).

When using MCB112, choice [0] None must always be selected.

[0] * None

[1] Analog input 53

[2] Analog input 54

[3] Digital input 18
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[4] Digital input 19

[5] Digital input 32

[6] Digital input 33

NB!

This parameter cannot be adjusted while the motor is running.

NB!

Digital inputs should be set to “No operation” - see par. 5-1*.
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2.4 Main Menu - Brakes - Group 2

2.4.1 2-0* DC-Brakes

Parameter group for configuring the DC brake and DC hold functions.

2-00  DC Hold/Preheat Current

Range: Function:
50 %*   [0 - 160. %] Enter a value for holding current as a percentage of the rated motor current IM,N set in par.

1-24 Motor Current. 100% DC holding current corresponds to IM,N.

This parameter holds the motor (holding torque) or pre-heats the motor.

This parameter is active if [1] DC hold/Preheat is selected in par.1-80 Function at Stop.

NB!

The maximum value depends on the rated motor current.

NB!

Avoid 100 % current for too long. It may damage the motor.

2-01  DC Brake Current

Range: Function:
50 %*   [0 - 1000. %] Enter a value for current as a percentage of the rated motor current IM,N, see par.1-24 Motor Cur-

rent. 100% DC braking current corresponds to IM,N.

DC brake current is applied on a stop command, when the speed is lower than the limit set in par.

2-03 DC Brake Cut In Speed [RPM]; when the DC Brake Inverse function is active; or via the serial

communication port. The braking current is active during the time period set in par.2-02 DC Braking

Time.

NB!

The maximum value depends on the rated motor current.

NB!

Avoid 100 % current for too long. It may damage the motor.

2-02  DC Braking Time

Range: Function:
10.0 s*   [0.0 - 60.0 s] Set the duration of the DC braking current set in par.2-01 DC Brake Current, once activated.

2-03  DC Brake Cut In Speed [RPM]

Range: Function:
0 RPM*   [0 - par. 4-13 RPM] Set the DC brake cut-in speed for activation of the DC braking current set in par.2-01 DC Brake

Current, upon a stop command.

 

2.4.2 2-1* Brake Energy Funct.

Parameter group for selecting dynamic braking parameters.
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2-10  Brake Function

Option: Function:
[0] * Off No brake resistor installed.

[1] Resistor brake Brake resistor incorporated in the system, for dissipation of surplus brake energy as heat. Connect-

ing a brake resistor allows a higher DC link voltage during braking (generating operation). The

Resistor brake function is only active in frequency converters with an integral dynamic brake.

[2] AC brake

2-11  Brake Resistor (ohm)

Range: Function:
50.00

Ohm*

  [5.00 - 65535.00 Ohm] Set the brake resistor value in Ohms. This value is used for monitoring the power to the brake

resistor in par.2-13 Brake Power Monitoring. This parameter is only active in frequency converters

with an integral dynamic brake.

If the selection is xxxx use this parameter. If the selection is xxx.xx, use par. 3-81 Quick Stop Ramp

Time.

2-12  Brake Power Limit (kW)

Range: Function:
5.000 kW*   [0.001 - 2000.000 kW] Set the monitoring limit of the brake power transmitted to the resistor.

The monitoring limit is a product of the maximum duty cycle (120 sec.) and the maximum power

of the brake resistor at that duty cycle. See the formula below.

For 200 - 240 V units:  

Presistor =  3902 ×  dutytime
R ×  120

For 380 - 480 V units:  

Presistor =  7782 ×  dutytime
R ×  120

For 525 - 600 V units:  

Presistor =  9432 ×  dutytime
R ×  120

This parameter is only active in frequency converters with an integral dynamic brake.

2-13  Brake Power Monitoring

Option: Function:
This parameter is only active in frequency converters with an integral dynamic brake.

This parameter enables monitoring of the power to the brake resistor. The power is calculated on

the basis of the resistance (par.2-11 Brake Resistor (ohm), the DC link voltage, and the resistor duty

time.

[0] * Off No brake power monitoring is required.

[1] Warning Activates a warning on the display when the power transmitted over 120 s exceeds 100% of the

monitoring limit (par.2-12 Brake Power Limit (kW)).

The warning disappears when the transmitted power falls below 80% of the monitoring limit.

[2] Trip Trips the frequency converter and displays an alarm when the calculated power exceeds 100% of

the monitoring limit.

[3] Warning and trip Activates both of the above, including warning, trip and alarm.

If power monitoring is set to Off [0] or Warning [1], the brake function remains active even if the monitoring limit is exceeded. This may lead to thermal

overload of the resistor. It is also possible to generate a warning via a relay/digital output. The measuring accuracy of the power monitoring depends on

the accuracy of the resistance of the resistor (better than ± 20%).
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2-15  Brake Check

Option: Function:
Select type of test and monitoring function to check the connection to the brake resistor, or whether

a brake resistor is present, and then display a warning or an alarm in the event of a fault. The brake

resistor disconnection function is tested during power-up. However the brake IGBT test is performed

when there is no braking. A warning or trip disconnects the brake function.

The testing sequence is as follows:

1. The DC link ripple amplitude is measured for 300 ms without braking.

2. The DC link ripple amplitude is measured for 300 ms with the brake turned on.

3. If the DC link ripple amplitude while braking is lower than the DC link ripple amplitude

before braking + 1 %. Brake check failed, return a warning or alarm.

4. If the DC link ripple amplitude while braking is higher than the DC link ripple amplitude

before braking + 1 %. Brake check OK.

[0] * Off Monitors brake resistor and brake IGBT for a short-circuit during operation. If a short-circuit occurs,

a warning appears.

[1] Warning Monitors brake resistor and brake IGBT for a short-circuit, and to run a test for brake resistor dis-

connection during power-up

[2] Trip Monitors for a short-circuit or disconnection of the brake resistor, or a short-circuit of the brake

IGBT. If a fault occurs the frequency converter cuts out while displaying an alarm (trip locked).

[3] Stop and trip Monitors for a short-circuit or disconnection of the brake resistor, or a short-circuit of the brake

IGBT. If a fault occurs the frequency converter ramps down to coast and then trips. A trip lock alarm

is displayed.

[4] AC brake

NB!

NB!: Remove a warning arising in connection with Off [0] or Warning [1] by cycling the mains supply. The fault must be corrected first.

For Off [0] or Warning [1], the frequency converter keeps running even if a fault is located.

2-16  AC brake Max. Current

Range: Function:
100.0 %*   [0.0 - 1000.0 %] Enter the maximum permissible current when using AC brake to avoid overheating of motor wind-

ings. The AC brake function is available in Flux mode only (FC 302 only).

2-17  Over-voltage Control

Option: Function:
Over-voltage control (OVC) reduces the risk of the frequency converter tripping due to an over

voltage on the DC link caused by generative power from the load.

[0] Disabled No OVC required.

[2] * Enabled Activates OVC.

NB!

The ramp time is automatically adjusted to avoid tripping of the frequency converter.
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2.5 Main Menu - Reference/Ramps - Group 3

2.5.1 3-0* Reference Limits

Parameters for setting the reference unit, limits and ranges.

3-02  Minimum Reference

Range: Function:
0.000 Ref-

erenceFeed-

backUnit*

  [-999999.999 - par. 3-03 Referen-

ceFeedbackUnit]

Enter the desired minimum value for the remote reference. The Minimum Reference value and unit

matches the configuration choice made in par.1-00 Configuration Mode and par. 20-12 Reference/

Feedback Unit, respectively.

3-03  Maximum Reference

Range: Function:
50.000 Ref-

erenceFeed-

backUnit*

  [par. 3-02 - 999999.999 Referen-

ceFeedbackUnit]

Enter the maximum acceptable value for the remote reference. The Maximum Reference value and

unit matches the configuration choice made in par.1-00 Configuration Mode and par. 20-12 Refer-

ence/Feedback Unit, respectively.

3-04  Reference Function

Option: Function:
[0] * Sum Sums both external and preset reference sources.

[1] External/Preset Use either the preset or the external reference source.

Shift between external and preset via a command on a digital input.

 

2.5.2 3-1* References

Parameters for setting up the reference sources.

Select the preset reference(s). Select Preset ref. bit 0 / 1 / 2 [16], [17] or [18] for the corresponding digital inputs in parameter group 5.1*.

3-10  Preset Reference
Array [8]

Range: Function:
0.00 %*   [-100.00 - 100.00 %] Enter up to eight different preset references (0-7) in this parameter, using array programming. The

preset reference is stated as a percentage of the value RefMAX (par.3-03 Maximum Reference, for

closed loop see par. 20-14 Maximum Reference/Feedb.). When using preset references, select Pre-

set ref. bit 0 / 1 / 2 [16], [17] or [18] for the corresponding digital inputs in parameter group 5-1*

Digital Inputs.

2 Parameter Description VLT® AQUA Drive Programming Guide

50 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 243 of 1072



3-11  Jog Speed [Hz]

Range: Function:
10.0 Hz*   [0.0 - par. 4-14 Hz] The jog speed is a fixed output speed at which the frequency converter is running when the jog

function is activated.

See also par.3-80 Jog Ramp Time.

3-13  Reference Site

Option: Function:
Select which reference site to activate.

[0] * Linked to Hand / Auto Use local reference when in Hand mode; or remote reference when in Auto mode.

[1] Remote Use remote reference in both Hand mode and Auto mode.

[2] Local Use local reference in both Hand mode and Auto mode.

NB!

When set to Local [2], the frequency converter will start with this setting again

following a 'power down'.

3-14  Preset Relative Reference

Range: Function:
0.00 %*   [-100.00 - 100.00 %] The actual reference, X, is increased or decreased with the percentage Y, set in par.3-14 Preset

Relative Reference. This results in the actual reference Z. Actual reference (X) is the sum of the

inputs selected in par.3-15 Reference 1 Source, par.3-16 Reference 2 Source, par.3-17 Reference

3 Source and par. 8-02 Control Source.

3-15  Reference 1 Source

Option: Function:
Select the reference input to be used for the first reference signal. par.3-15 Reference 1 Source,

par.3-16 Reference 2 Source and par.3-17 Reference 3 Source define up to three different reference

signals. The sum of these reference signals defines the actual reference.

This parameter cannot be adjusted while the motor is running.

[0] No function

[1] * Analog input 53
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[2] Analog input 54

[7] Pulse input 29

[8] Pulse input 33

[20] Digital pot.meter

[21] Analog input X30/11

[22] Analog input X30/12

[23] Analog Input X42/1

[24] Analog Input X42/3

[25] Analog Input X42/5

[30] Ext. Closed Loop 1

[31] Ext. Closed Loop 2

[32] Ext. Closed Loop 3

3-16  Reference 2 Source

Option: Function:
Select the reference input to be used for the second reference signal. par.3-15 Reference 1

Source, par.3-16 Reference 2 Source and par.3-17 Reference 3 Source define up to three different

reference signals. The sum of these reference signals defines the actual reference.

This parameter cannot be adjusted while the motor is running.

[0] No function

[1] Analog input 53

[2] Analog input 54

[7] Pulse input 29

[8] Pulse input 33

[20] * Digital pot.meter

[21] Analog input X30/11

[22] Analog input X30/12

[23] Analog Input X42/1

[24] Analog Input X42/3

[25] Analog Input X42/5

[30] Ext. Closed Loop 1

[31] Ext. Closed Loop 2

[32] Ext. Closed Loop 3
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3-17  Reference 3 Source

Option: Function:
Select the reference input to be used for the third reference signal. par.3-15 Reference 1 Source,

par.3-16 Reference 2 Source and par.3-17 Reference 3 Source define up to three different reference

signals. The sum of these reference signals defines the actual reference.

This parameter cannot be adjusted while the motor is running.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[7] Pulse input 29

[8] Pulse input 33

[20] Digital pot.meter

[21] Analog input X30/11

[22] Analog input X30/12

[23] Analog Input X42/1

[24] Analog Input X42/3

[25] Analog Input X42/5

[30] Ext. Closed Loop 1

[31] Ext. Closed Loop 2

[32] Ext. Closed Loop 3

3-19  Jog Speed [RPM]

Range: Function:
300. RPM*   [0 - par. 4-13 RPM] Enter a value for the jog speed nJOG, which is a fixed output speed. The frequency converter runs

at this speed when the jog function is activated. The maximum limit is defined in par.  .

See also par.3-80 Jog Ramp Time.

 

2.5.3 3-4* Ramp 1

Configure the ramp parameter, ramping times, for each of the two ramps (par. 3-4* and par. 3-5*).
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3-41  Ramp 1 Ramp Up Time

Range: Function:
10.00 s*   [1.00 - 3600.00 s] Enter the ramp-up time, i.e. the acceleration time from 0 RPM to par.1-25 Motor Nominal Speed.

Choose a ramp-up time such that the output current does not exceed the current limit in

par. 4-18 Current Limit during ramping. See ramp-down time in par.3-42 Ramp 1 Ramp Down

Time.

par.3 − 41 = tacc × nnorm par.1 − 25
ref rpm s

3-42  Ramp 1 Ramp Down Time

Range: Function:
20.00 s*   [1.00 - 3600.00 s] Enter the ramp-down time, i.e. the deceleration time from par.1-25 Motor Nominal Speed to 0 RPM.

Choose a ramp-down time such that no over-voltage arises in the inverter due to regenerative

operation of the motor, and such that the generated current does not exceed the current limit set

in par. 4-18 Current Limit. See ramp-up time in par.3-41 Ramp 1 Ramp Up Time.

par.3 − 42 = tdec × nnorm par.1 − 25
ref rpm s

 

2.5.4 3-5* Ramp 2

Choosing ramp parameters, see 3-4*.

3-51  Ramp 2 Ramp Up Time

Range: Function:
10.00 s*   [1.00 - 3600.00 s] Enter the ramp-up time, i.e. the acceleration time from 0 RPM to par.1-25 Motor Nominal Speed.

Choose a ramp-up time such that the output current does not exceed the current limit in

par. 4-18 Current Limit during ramping. See ramp-down time in par.3-52 Ramp 2 Ramp Down

Time.

par. 3 − 51 = tacc × nnorm par. 1 − 25
 ref rpm  s

3-52  Ramp 2 Ramp Down Time

Range: Function:
20.00 s*   [1.00 - 3600.00 s] Enter the ramp-down time, i.e. the deceleration time from par.1-25 Motor Nominal Speed to 0 RPM.

Choose a ramp-down time such that no over-voltage arises in the inverter due to regenerative

operation of the motor, and such that the generated current does not exceed the current limit set

in par. 4-18 Current Limit. See ramp-up time in par.3-51 Ramp 2 Ramp Up Time.

par.3 − 52 = tdec ×  nnorm par. 1 − 25
 ref rpm  s

 

2.5.5 3-8* Other Ramps

Configure parameters for special ramps e.g. Jog or Quick Stop.

3-80  Jog Ramp Time

Range: Function:
20.00 s*   [1.00 - 3600.00 s] Enter the jog ramp time, i.e. the acceleration/deceleration time between 0 RPM and the rated motor

speed (nM,N) (set in par.1-25 Motor Nominal Speed). Ensure that the resultant output current re-

quired for the given jog ramp time does not exceed the current limit in par. 4-18 Current Limit. The

jog ramp time starts upon activation of a jog signal via the control panel, a selected digital input,

or the serial communication port.

par. 3 − 80 = tjog ×  nnorm par. 1 − 25
 jog speed par. 3 − 19  s
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3-84   Initial Ramp Time

Range: Function:
0 s*   [0 – 60 s] Enter the initial ramp up time from zero speed to Motor Speed Low Limit, par. 4-11 or 4-12. Sub-

mersible deep well pumps can be damaged by running below minimum speed. A fast ramp time

below minimum pump speed is recommended. This parameter may be applied as a fast ramp rate

from zero speed to Motor Speed Low Limit.

3-85  Check Valve Ramp Time

Range: Function:
0 s*   [0 – 60 s] In order to protect ball check valves in a stop situation, the check valve ramp can be utilized as a

slow ramp rate from par.4-11 Motor Speed Low Limit [RPM] or par.4-12 Motor Speed Low Limit

[Hz], to Check Valve Ramp End Speed, set by the user in par. 3-86 or par. 3-87. When par. 3-85 is

different from 0 seconds, the Check Valve Ramp Time is effectuated and will be used to ramp down

the speed from Motor Speed Low Limit to the Check Valve End Speed in par. 3-86 or par. 3-87.

3-86  Check Valve Ramp End Speed [RPM]

Range: Function:
0 [RPM]*   [0 – Motor Speed Low Limit [RPM]] Set the speed in [RPM] below Motor Speed Low Limit where the Check Valve is expected to be closed

and the Check Valve no longer shall be active.
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3-87  Check Valve Ramp End Speed [Hz]

Range: Function:
0 [Hz]*   [0 – Motor Speed Low Limit [Hz]] Set the speed in [Hz] below Motor Speed Low Limit where the Check Valve Ramp will no longer be

active.

3-88  Final Ramp Time

Range: Function:
0 [s]*   [0 – 60 [s]] Enter the Final Ramp Time to be used when ramping down from Motor Speed Low Limit, par. 4-11

or 4-12, to zero speed.

Submersible deep well pumps can be damaged by running below minimum speed. A fast ramp time

below minimum pump speed is recommended. This parameter may be applied as a fast ramp rate

from Motor Speed Low Limit to zero speed.

 

2.5.6 3-9* Digital Pot.Meter

The digital potentiometer function allows the user to increase or decrease the actual reference by adjusting the set-up of the digital inputs using the

functions INCREASE, DECREASE or CLEAR. To activate the function, at least one digital input must be set up to INCREASE or DECREASE.

3-90  Step Size

Range: Function:
0.10 %*   [0.01 - 200.00 %] Enter the increment size required for INCREASE/DECREASE, as a percentage of the synchronous

motor speed, ns. If INCREASE/ DECREASE is activated the resulting reference will be increased /

decreased by the amount set in this parameter.
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3-91  Ramp Time

Range: Function:
1.00 s   [0.00 - 3600.00 s] Enter the ramp time, i.e. the time for adjustment of the reference from 0% to 100% of the specified

digital potentiometer function (INCREASE, DECREASE or CLEAR).

If INCREASE / DECREASE is activated for longer than the ramp delay period specified in par.

3-95 Ramp Delay the actual reference will be ramped up / down according to this ramp time. The

ramp time is defined as the time used to adjust the reference by the step size specified in par.

3-90 Step Size.

3-92  Power Restore

Option: Function:
[0] * Off Resets the Digital Potentiometer reference to 0% after power up.

[1] On Restores the most recent Digital Potentiometer reference at power up.

3-93  Maximum Limit

Range: Function:
100 %*   [-200 - 200 %] Set the maximum permissible value for the resultant reference. This is advisable if the Digital Po-

tentiometer is used for fine tuning of the resulting reference.

3-94  Minimum Limit

Range: Function:
0 %*   [-200 - 200 %] Set the minimum permissible value for the resultant reference. This is advisable if the Digital Po-

tentiometer is used for fine tuning of the resulting reference.

3-95  Ramp Delay

Range: Function:
0.000 N/A*   [0.000 - 0.000 N/A]
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2.6 Main Menu - Limits/Warnings - Group 4

2.6.1 4-** Limits and Warnings 

Parameter group for configuring limits and warnings.

 

2.6.2 4-1* Motor Limits

Define torque, current and speed limits for the motor, and the reaction of the frequency converter when the limits are exceeded.

A limit may generate a message on the display. A warning will always generate a message on the display or on the fieldbus. A monitoring function may

initiate a warning or a trip, upon which the frequency converter will stop and generate an alarm message.

4-10  Motor Speed Direction

Option: Function:
Selects the motor speed direction required. When par. 1-00 Configuration Mode is set to Closed loop

[3], the parameter default is changed to Clockwise [0]. If both directions are chosen, running in

Counter Clockwise direction cannot be chosen from the LCP.

[0] * Clockwise

[2] Both directions

Selects the motor speed direction required.

4-11  Motor Speed Low Limit [RPM]

Range: Function:
0 RPM*   [0 - par. 4-13 RPM] Enter the minimum limit for motor speed. The Motor Speed Low Limit can be set to correspond to

the manufacturer’s recommended minimum motor speed. The Motor Speed Low Limit must not

exceed the setting in par.4-13 Motor Speed High Limit [RPM].

4-12  Motor Speed Low Limit [Hz]

Range: Function:
0 Hz*   [0 - par. 4-14 Hz] Enter the minimum limit for motor speed. The Motor Speed Low Limit can be set to correspond to

the minimum output frequency of the motor shaft. The Speed Low Limit must not exceed the setting

in par.4-14 Motor Speed High Limit [Hz].

4-13  Motor Speed High Limit [RPM]

Range: Function:
1500. RPM*   [par. 4-11 - 60000. RPM] Enter the maximum limit for motor speed. The Motor Speed High Limit can be set to correspond to

the manufacturer’s maximum rated motor. The Motor Speed High Limit must exceed the setting in

par.4-11 Motor Speed Low Limit [RPM]. Only par.4-11 Motor Speed Low Limit [RPM] or par.

4-12 Motor Speed Low Limit [Hz] will be displayed depending on other parameters in the Main Menu

and depending on default settings dependant on global location.

NB!

The output frequency value of the frequency converter must not exceed a value higher than 1/10 of the switching frequency.

NB!

Any changes in par.4-13 Motor Speed High Limit [RPM] will reset the value in par.4-53 Warning Speed High to the same value as set

in par.4-13 Motor Speed High Limit [RPM].
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4-14  Motor Speed High Limit [Hz]

Range: Function:
50/60.0

Hz*

  [par. 4-12 - par. 4-19 Hz] Enter the maximum limit for motor speed. The Motor Speed High Limit can be set to correspond to

the manufacturer’s recommended maximum of the motor shaft. The Motor Speed High Limit must

exceed the in par.4-12 Motor Speed Low Limit [Hz]. Only par.4-11 Motor Speed Low Limit [RPM] or

par.4-12 Motor Speed Low Limit [Hz] will be displayed depending on other parameters in the Main

Menu and depending on default settings dependant on global location.

NB!

Max. output frequency cannot exceed 10% of the inverter switching frequency (par.14-01 Switching Frequency).

4-16  Torque Limit Motor Mode

Range: Function:
110.0 %*   [0.0 - 1000.0 %] Enter the maximum torque limit for motor operation. The torque limit is active in the speed range

up to and including the rated motor speed set in par.1-25 Motor Nominal Speed. To protect the

motor from reaching the stalling torque, the default setting is 1.1 x the rated motor torque (calcu-

lated value). See also par.14-25 Trip Delay at Torque Limit for further details.

If a setting in par.1-00 Configuration Mode to par.1-28 Motor Rotation Check is changed, par.

4-16 Torque Limit Motor Mode is not automatically reset to the default setting.

4-17  Torque Limit Generator Mode

Range: Function:
100.0 %*   [0.0 - 1000.0 %] Enter the maximum torque limit for generator mode operation. The torque limit is active in the speed

range up to and including the rated motor speed (par.1-25 Motor Nominal Speed). Refer to par.

14-25 Trip Delay at Torque Limit for further details.

If a setting in par.1-00 Configuration Mode to par.1-28 Motor Rotation Check is changed, par.

4-17 Torque Limit Generator Mode is not automatically reset to the default settings.

4-18  Current Limit

Range: Function:
110 %*   [1 - 1000 %] Enter the current limit for motor and generator operation. To protect the motor from reaching the

stalling torque, the default setting is 1.1 x the rated motor torque (calculated value). If a setting in

par. 1-00 to par. 1-26 is changed, par. 4-18 is not automatically reset to the default setting.

4-19  Max Output Frequency

Range: Function:
100.0 Hz*   [1.0 - 1000.0 Hz] Enter the maximum output frequency value. par.4-19 Max Output Frequency specifies the absolute

limit on the frequency converter output frequency for improved safety in applications where acci-

dental over-speeding must be avoided. This absolute limit applies to all configurations and is

independent of the setting in par.1-00 Configuration Mode. This parameter cannot be adjusted while

the motor is running.

 

2.6.3 4-5* Adj. Warnings

Define adjustable warning limits for current, speed, reference and feedback.

NB!

Not visible in display, only in VLT Motion Control Tool, MCT 10.
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Warnings are shown on display, programmed output or serial bus.

4-50  Warning Current Low

Range: Function:
0.00 A*   [0.00 - par. 4-51 A] Enter the ILOW value. When the motor current falls below this limit (ILOW), the display reads CURRENT

LOW. The signal outputs can be programmed to produce a status signal on terminal 27 or 29 and

on relay output 01 or 02. Refer to the drawing in this section.

4-51  Warning Current High

Range: Function:
par. 16-37

A*

  [par. 4-50 - par. 16-37 A] Enter the IHIGH value. When the motor current exceeds this limit (IHIGH), the display reads CURRENT

HIGH. The signal outputs can be programmed to produce a status signal on terminal 27 or 29 and

on relay output 01 or 02. Refer to the drawing in this section.

4-52  Warning Speed Low

Range: Function:
0 RPM*   [0 - par. 4-53 RPM] Enter the nLOW value. When the motor speed falls below this limit (nLOW) the display reads SPEED

LOW. The signal outputs can be programmed to produce a status signal on terminal 27 or 29 and

on relay output 01 or 02. Programme the lower signal limit of the motor speed, nLOW, within the

normal working range of the frequency converter. Refer to the drawing in this section.

4-53  Warning Speed High

Range: Function:
par. 4-13

RPM*

  [par. 4-52 - par. 4-13 RPM] Enter the nHIGH value. When the motor speed exceeds this limit (nHIGH), the display reads SPEED

HIGH. The signal outputs can be programmed to produce a status signal on terminal 27 or 29 and

on relay output 01 or 02. Programme the upper signal limit of the motor speed, nHIGH, within the

normal working range of the frequency converter. Refer to the drawing in this section.

NB!

Any changes in par.4-13 Motor Speed High Limit [RPM] will reset the value in par.4-53 Warning Speed High to the same value as set

in par.4-13 Motor Speed High Limit [RPM].

If a different value is needed in par.4-53 Warning Speed High, it must be set after programming of par.4-13 Motor Speed High Limit

[RPM]!
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4-54  Warning Reference Low

Range: Function:
-999999.99

9 N/A*

  [-999999.999 - par. 4-55 N/A] Enter the lower reference limit. When the actual reference falls below this limit, the display indicates

Ref Low. The signal outputs can be programmed to produce a status signal on terminal 27 or 29

and on relay output 01 or 02.

4-55  Warning Reference High

Range: Function:
999999.999

N/A*

  [par. 4-54 - 999999.999 N/A] Enter the upper reference limit. When the actual reference exceeds this limit, the display reads Ref

High. The signal outputs can be programmed to produce a status signal on terminal 27 or 29 and

on relay output 01 or 02.

4-56  Warning Feedback Low

Range: Function:
-999999.99

9 Proc-

essCtrlU-

nit*

  [-999999.999 - par. 4-57 Proc-

essCtrlUnit]

Enter the lower feedback limit. When the feedback falls below this limit, the display reads Feedb

Low. The signal outputs can be programmed to produce a status signal on terminal 27 or 29 and

on relay output 01 or 02.

4-57  Warning Feedback High

Range: Function:
999999.999

ProcessCtr-

lUnit*

  [par. 4-56 - 999999.999 ProcessCtr-

lUnit]

Enter the upper feedback limit. When the feedback exceeds this limit, the display reads Feedb High.

The signal outputs can be programmed to produce a status signal on terminal 27 or 29 and on relay

output 01 or 02.

4-58  Missing Motor Phase Function

Option: Function:
Displays an alarm in the event of a missing motor phase.

Select 100 ms to have a short detection time and alarm in the event of a missing motor phase. 100

ms is recommended for hoisting applications.

[0] Disabled No alarm is displayed if a missing motor phase occurs.

[2] * Trip 1000 ms

NB!

This parameter cannot be adjusted while the motor is running.

 

2.6.4 4-6* Speed Bypass

Define the Speed Bypass areas for the ramps.

Some systems call for avoiding certain output frequencies or speeds, due to resonance problems in the system. A maximum of four frequency or speed

ranges can be avoided.

4-60  Bypass Speed From [RPM]
Array [4]

Range: Function:
0 RPM*   [0 - par. 4-13 RPM] Some systems call for avoiding certain output speeds due to resonance problems in the system.

Enter the lower limits of the speeds to be avoided.
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4-61  Bypass Speed From [Hz]
Array [4]

Range: Function:
0 Hz*   [0.0 - par. 4-14 Hz] Some systems call for avoiding certain output speeds due to resonance problems in the system.

Enter the lower limits of the speeds to be avoided.

4-62  Bypass Speed To [RPM]
Array [4]

Range: Function:
0 RPM*   [0 - par. 4-13 RPM] Some systems call for avoiding certain output speeds due to resonance problems in the system.

Enter the upper limits of the speeds to be avoided.

4-63  Bypass Speed To [Hz]
Array [4]

Range: Function:
0 Hz*   [0.0 - par. 4-14 Hz] Some systems call for avoiding certain output speeds due to resonance problems in the system.

Enter the upper limits of the speeds to be avoided.

 

2.6.5 Semi-Automatic Bypass Speed Set-up

The Semi-Automatic Bypass Speed Setup can be used to facilitate the programming of the frequencies to be skipped due to resonances in the system.

The following process is to be carried out:

1. Stop the motor.

2. Select Enabled in par.4-64 Semi-Auto Bypass Set-up.

3. Press Hand On on the LCP to start the search for frequency bands causing resonances. The motor will ramp up according to the ramp set.

4. When sweeping through a resonance band, press OK on the LCP when leaving the band. The actual frequency will be stored as the first element

in par.4-62 Bypass Speed To [RPM] or par.4-63 Bypass Speed To [Hz] (array). Repeat this for each resonance band identified at the ramp-up

(maximum four can be adjusted).

5. When maximum speed has been reached, the motor will automatically begin to ramp-down. Repeat the above procedure when speed is leaving

the resonance bands during the deceleration. The actual frequencies registered when pressing OK will be stored in par.4-60 Bypass Speed From

[RPM] or par.4-61 Bypass Speed From [Hz].

6. When the motor has ramped down to stop, press OK. The par.4-64 Semi-Auto Bypass Set-up will automatically reset to Off. The frequency

converter will stay in Hand mode until Off or Auto On are pressed on the LCP.

If the frequencies for a certain resonance band are not registered in the right order (frequency values stored in By Pass Speed To are higher than those

in By Pass Speed From) or if they do not have the same numbers of registrations for the By Pass From and By Pass To, all registrations will be cancelled

and the following message is displayed: Collected speed areas overlapping or not completely determined. Press [Cancel] to abort.

4-64  Semi-Auto Bypass Set-up

Option: Function:
[0] * Off No function

[1] Enabled Starts the Semi-Automatic Bypass set-up and continue with the procedure described above.
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2.7 Main Menu - Digital In/Out - Group 5

2.7.1 5-** Digital In/Out

Parameter group for configuring the digital input and output.

 

2.7.2 5-0* Digital I/O Mode

Parameters for configuring the input and output using NPN and PNP.

5-00  Digital I/O Mode

Option: Function:
Digital inputs and programmed digital outputs are pre-programmable for operation either in PNP or

NPN systems.

[0] * PNP - Active at 24V Action on positive directional pulses (0). PNP systems are pulled down to GND.

[1] NPN - Active at 0V Action on negative directional pulses (1). NPN systems are pulled up to + 24 V, internally in the

frequency converter.

NB!

This parameter cannot be adjusted while the motor is running.

5-01  Terminal 27 Mode

Option: Function:
[0] * Input Defines terminal 27 as a digital input.

[1] Output Defines terminal 27 as a digital output.

Please not that this parameter cannot be adjusted while the motor is

running.

5-02  Terminal 29 Mode

Option: Function:
[0] * Input Defines terminal 29 as a digital input.

[1] Output Defines terminal 29 as a digital output.

This parameter cannot be adjusted while the motor is running.
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2.7.3 5-1* Digital Inputs

Parameters for configuring the input functions for the input terminals.

The digital inputs are used for selecting various functions in the frequency converter. All digital inputs can be set to the following functions:

Digital input function Select Terminal
No operation [0] All *term 32, 33
Reset [1] All
Coast inverse [2] All
Coast and reset inverse [3] All
DC-brake inverse [5] All
Stop inverse [6] All
External interlock [7] All
Start [8] All *term 18
Latched start [9] All
Reversing [10] All *term 19
Start reversing [11] All
Jog [14] All *term 29
Preset reference on [15] All
Preset ref bit 0 [16] All
Preset ref bit 1 [17] All
Preset ref bit 2 [18] All
Freeze reference [19] All
Freeze output [20] All
Speed up [21] All
Speed down [22] All
Set-up select bit 0 [23] All
Set-up select bit 1 [24] All
Pulse input [32] term 29, 33
Ramp bit 0 [34] All
Mains failure inverse [36] All
Run Permissive [52]
Hand start [53]  
Auto start [54]
DigiPot Increase [55] All
DigiPot Decrease [56] All
DigiPot Clear [57] All
Counter A (up) [60] 29, 33
Counter A (down) [61] 29, 33
Reset Counter A [62] All
Counter B (up) [63] 29, 33
Counter B (down) [64] 29, 33
Reset Counter B [65] All
Sleep Mode [66]  
Reset Maintenance Word [78]  
Lead Pump Start [120]  
Lead Pump Alternation [121]  
Pump 1 Interlock [130]  
Pump 2 Interlock [131]  
Pump 3 Interlock [132]  

All = Terminals 18, 19, 27, 29, 32, X30/2, X30/3, X30/4. X30/ are the terminals on MCB 101.

Functions dedicated to only one digital input are stated in the associated parameter.

All digital inputs can be programmed to these functions:

[0] No operation No reaction to signals transmitted to terminal.

[1] Reset Resets frequency converter after a TRIP/ALARM. Not all alarms can be reset.

[2] Coast inverse Leaves motor in free mode. Logic ‘0’ => coasting stop.

(Default Digital input 27): Coasting stop, inverted input (NC).

[3] Coast and reset inverse Reset and coasting stop Inverted input (NC).

Leaves motor in free mode and resets the frequency converter. Logic ‘0’ => coasting stop and reset.

[5] DC-brake inverse Inverted input for DC braking (NC).

Stops motor by energizing it with a DC current for a certain time period. See par. 2-01 to par. 2-03.

The function is only active when the value in par. 2-02 is different from 0. Logic ’0’ => DC braking.

[6] Stop inverse Stop Inverted function. Generates a stop function when the selected terminal goes from logical level

‘1’ to ‘0’. The stop is performed according to the selected ramp time (par. 3-42 and par. 3-52.

2 Parameter Description VLT® AQUA Drive Programming Guide

64 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 257 of 1072



NB!

When the frequency converter is at the torque limit and has received a stop

command, it may not stop by itself. To ensure that the frequency converter stops,

configure a digital output to Torque limit & stop [27] and connect this digital

output to a digital input that is configured as coast.

[7] External Interlock Same function as Coasting stop, inverse, but External Interlock generates the alarm message ’ex-

ternal fault’ on the display when the terminal which is programmed for Coast Inverse is logic ‘0’.

The alarm message will also be active via digital outputs and relay outputs, if programmed for

External Interlock. The alarm can be reset using a digital input or the [RESET] key if the cause for

the External Interlock has been removed. A delay can be programmed in par. 22-00, External In-

terlock Time. After applying a signal to the input, the reaction described above will be delayed with

the time set in par. 22-00.

[8] Start Select start for a start/stop command. Logic ‘1’ = start, logic ‘0’ = stop.

(Default Digital input 18)

[9] Latched start Motor starts, if a pulse is applied for min. 2 ms. Motor stops when Stop inverse is activated

[10] Reversing Changes direction of motor shaft rotation. Select Logic ‘1’ to reverse. The reversing signal only

changes the direction of rotation. It does not activate the start function. Select both directions in

par. 4-10 Motor Speed Direction.

(Default Digital input 19).

[11] Start reversing Used for start/stop and for reversing on the same wire. Signals on start are not allowed at the same

time.

[14] Jog Used for activating jog speed. See par. 3-11.

(Default Digital input 29)

[15] Preset reference on Used for shifting between external reference and preset reference. It is assumed that External/

preset [1] has been selected in par. 3-04. Logic '0' = external reference active; logic '1' = one of

the eight preset references is active.

[16] Preset ref bit 0 Enables a choice between one of the eight preset references according to the table below.

[17] Preset ref bit 1 Enables a choice between one of the eight preset references according to the table below.

[18] Preset ref bit 2 Enables a choice between one of the eight preset references according to the table below.

Preset ref. bit 2 1 0
Preset ref. 0 0 0 0
Preset ref. 1 0 0 1
Preset ref. 2 0 1 0
Preset ref. 3 0 1 1
Preset ref. 4 1 0 0
Preset ref. 5 1 0 1
Preset ref. 6 1 1 0
Preset ref. 7 1 1 1

[19] Freeze ref Freezes actual reference. The frozen reference is now the point of enable/condition for Speed up

and Speed down to be used. If Speed up/down is used, the speed change always follows ramp 2

(par. 3-51 and 3-52) in the range 0 - par. 3-03 Maximum Reference.

[20] Freeze output Freezes actual motor frequency (Hz). The frozen motor frequency is now the point of enable/con-

dition for Speed up and Speed down to be used. If Speed up/down is used, the speed change always

follows ramp 2 (par. 3-51 and 3-52) in the range 0 - par. 1-23 Motor Frequency.

NB!

When Freeze output is active, the frequency converter cannot be stopped via a

low ‘start [13]’ signal. Stop the frequency converter via a terminal programmed

for Coasting inverse [2] or Coast and reset, inverse [3].

[21] Speed up For digital control of the up/down speed is desired (motor potentiometer). Activate this function by

selecting either Freeze reference or Freeze output. When Speed up is activated for less than 400

msec. the resulting reference will be increased by 0.1 %. If Speed up is activated for more than 400

msec. the resulting reference will ramp according to Ramp 1in par. 3-41.

[22] Speed down Same as Speed up [21].
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[23] Set-up select bit 0 Selects one of the four set-ups. Set par. 0-10 Active Set-up to Multi Set-up.

[24] Set-up select bit 1 Same as Set-up select bit 0 [23].

(Default Digital input 32)

[32] Pulse input Select Pulse input when using a pulse sequence as either reference or feedback. Scaling is done in

par. group 5-5*.

[34] Ramp bit 0 Select which ramp to use. Logic “0” will select ramp 1 while logic “1” will select ramp 2.

[36] Mains failure inverse Activates par. 14-10 Mains Failure. Mains failure inverse is active in the Logic “0” situation.

[52] Run Permissive The input terminal, for which the Run permissive has been programmed must be logic “1” before a

start command can be accepted. Run permissive has a logic ‘AND’ function related to the terminal

which is programmed for START [8], Jog [14] or Freeze Output [20], which means that in order to

start running the motor, both conditions must be fulfilled. If Run Permissive is programmed on

multiple terminals, Run permissive needs only be logic ‘1’ on one of the terminals for the function

to be carried out. The digital output signal for Run Request (Start [8], Jog [14] or Freeze output

[20]) programmed in par. 5-3* Digital outputs, or par. 5-4* Relays, will not be affected by Run

Permissive.

[53] Hand start A signal applied will put the frequency converter into Hand mode as if button Hand On on the LCP

has been pressed and a normal stop command will be overridden. If disconnecting the signal, the

motor will stop. To make any other start commands valid, another digital input must be assign to

Auto Start and a signal applied to this. The Hand On and Auto On buttons on the LCP has no impact.

The Off button on the LCP will override Hand Start and Auto Start. Press either the Hand On or Auto

On button to make Hand Start and Auto Start active again. If no signal on neither Hand Start nor

Auto Start, the motor will stop regardless of any normal Start command applied. If signal applied

to both Hand Start and Auto Start, the function will be Auto Start. If pressing the Off button on the

LCP the motor will stop regardless of signals on Hand Start and Auto Start.

[54] Auto start A signal applied will put the frequency converter into Auto mode as if the LCP button Auto On has

been pressed. See also Hand Start [53]

[55] DigiPot Increase Uses the input as an INCREASE signal to the Digital Potentiometer function described in parameter

group 3-9*

[56] DigiPot Decrease Uses the input as a DECREASE signal to the Digital Potentiometer function described in parameter

group 3-9*

[57] DigiPot Clear Uses the input to CLEAR the Digital Potentiometer reference described in parameter group 3-9*

[60] Counter A (up) (Terminal 29 or 33 only) Input for increment counting in the SLC counter.

[61] Counter A (down) (Terminal 29 or 33 only) Input for decrement counting in the SLC counter.

[62] Reset Counter A Input for reset of counter A.

[63] Counter B (up) (Terminal 29 and 33 only) Input for increment counting in the SLC counter.

[64] Counter B (down) (Terminal 29 and 33 only) Input for decrement counting in the SLC counter.

[65] Reset Counter B Input for reset of counter B.

[66] Sleep Mode Forces frequency converter into Sleep Mode (see par. 22-4*, Sleep Mode). Reacts on the rising edge

of signal applied!

[78] Reset Preventive Maintenance Word Resets all data in par. 16-96, Preventive Maintenance Word, to 0.

The below setting options are all related to the Cascade Controller. Wiring diagrams and settings for parameter, see group 25-** for more details.

[120] Lead Pump Start Starts/Stops the Lead Pump (controlled by the frequency converter). A start requires that also a

System Start signal has been applied e.g. to one of the digital inputs set for Start [8]!

[121] Lead Pump Alternation Forces alternation of the lead pump in a Cascade Controller. Lead Pump Alternation, par. 25-50,

must be set to either At Command [2] or At Staging or At Command [3]. Alternation Event, par.

25-51, can be set to any of the four options.

[130 - 138] Pump1 Interlock - Pump9 Interlock The function will depend on the setting in par. 25-06, Number of Pumps. If set to No [0], then

Pump1 refers to the pump controlled by relay RELAY1 etc. If set to Yes [1], Pump1 refers to the

pump controlled by the frequency converter only (without any of the build in relays involved) and

Pump2 to the pump controlled by the relay RELAY1. Variable speed pump (lead) cannot be inter-

locked in the basic Cascade Controller.
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See below table:

Setting in Par. 5-1* Setting in Par. 25-06

[0] No [1] Yes

[130] Pump1 Interlock Controlled by RELAY1

(only if not lead pump)

Frequency Converter control-

led

(cannot be interlocked)

[131] Pump2 Interlock Controlled by RELAY2 Controlled by RELAY1

[132] Pump3 Interlock Controlled by RELAY3 Controlled by RELAY2

[133] Pump4 Interlock Controlled by RELAY4 Controlled by RELAY3

[134] Pump5 Interlock Controlled by RELAY5 Controlled by RELAY4

[135] Pump6 Interlock Controlled by RELAY6 Controlled by RELAY5

[136] Pump7 Interlock Controlled by RELAY7 Controlled by RELAY6

[137] Pump8 Interlock Controlled by RELAY8 Controlled by RELAY7

[138] Pump9 Interlock Controlled by RELAY9 Controlled by RELAY8

5-10  Terminal 18 Digital Input

Option: Function:
[0] No operation

[1] Reset

[2] Coast inverse

[3] Coast and reset inv

[5] DC-brake inverse

[6] Stop inverse

[7] External interlock

[8] * Start Same options and functions as par. 5-1*, except for Pulse input.

[9] Latched start

[10] Reversing

[11] Start reversing

[14] Jog

[15] Preset reference on

[16] Preset ref bit 0

[17] Preset ref bit 1

[18] Preset ref bit 2

[19] Freeze reference

[20] Freeze output

[21] Speed up

[22] Speed down

[23] Set-up select bit 0

[24] Set-up select bit 1

[34] Ramp bit 0

[36] Mains failure inverse

[37] Fire Mode

[52] Run permissive

[53] Hand start

[54] Auto start

[55] DigiPot increase

[56] DigiPot decrease

[57] DigiPot clear
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[62] Reset Counter A

[65] Reset Counter B

[66] Sleep Mode

[78] Reset Maint. Word

[120] Lead Pump Start

[121] Lead Pump Alternation

[130] Pump 1 Interlock

[131] Pump 2 Interlock

[132] Pump 3 Interlock

5-11  Terminal 19 Digital Input

Option: Function:
[36] Line failure inverse

[0] * No operation Same options and functions as 5-1*, except for Pulse input.

Option: Function:

5-12  Terminal 27 Digital Input

Option: Function:
Same options and functions as par. 5-1*, except for Pulse input.

[0] * No operation

5-13  Terminal 29 Digital Input

Option: Function:
Same options and functions as par. 5-1*.

[14] * Jog

5-14  Terminal 32 Digital Input

Option: Function:
[0] * No operation Same options and functions as par. 5-1*, except for Pulse input.

[1] Reset

[2] Coast inverse

[3] Coast and reset inv

[5] DC-brake inverse

[6] Stop inverse

[7] External interlock

[8] Start

[9] Latched start

[10] Reversing

[11] Start reversing

[14] Jog

[15] Preset reference on

[16] Preset ref bit 0

[17] Preset ref bit 1

[18] Preset ref bit 2

[19] Freeze reference

[20] Freeze output

[21] Speed up

[22] Speed down

[23] Set-up select bit 0
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[24] Set-up select bit 1

[34] Ramp bit 0

[36] Mains failure inverse

[37] Fire Mode

[52] Run permissive

[53] Hand start

[54] Auto start

[55] DigiPot increase

[56] DigiPot decrease

[57] DigiPot clear

[62] Reset Counter A

[65] Reset Counter B

[66] Sleep Mode

[78] Reset Maint. Word

[120] Lead Pump Start

[121] Lead Pump Alternation

[130] Pump 1 Interlock

[131] Pump 2 Interlock

[132] Pump 3 Interlock

5-15  Terminal 33 Digital Input

Option: Function:
Same options and functions as par. 5-1* Digital Inputs.

[0] * No operation

5-16  Terminal X30/2 Digital Input

Option: Function:
This parameter is active when option module MCB 101 is installed in the frequency converter.

It has the same options and functions as par. 5-1* except for Pulse input [32].

[0] * No operation

5-17  Terminal X30/3 Digital Input

Option: Function:
This parameter is active when option module MCB 101 is installed in the frequency converter.

It has the same options and functions as par. 5-1* except for Pulse input [32].

[0] * No operation

5-18  Terminal X30/4 Digital Input

Option: Function:
This parameter is active when option module MCB 101 is installed in the frequency converter.

It has the same options and functions as par. 5-1* except for Pulse input [32].

[0] * No operation

 

2.7.4 5-3* Digital Outputs

Parameters for configuring the output functions for the output terminals. The 2 solid-state digital outputs are common for terminals 27 and 29. Set the

I/O function for terminal 27 in par. 5-01 Terminal 27 Mode, and set the I/O function for terminal 29 in par. 5-02 Terminal 29 Mode.

These parameters cannot be adjusted while the motor is running.
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The digital outputs can be programmed with these functions:

[0] No operation Default for all digital outputs and relay outputs

[1] Control ready The control board receives supply voltage.

[2] Drive ready The frequency converter is ready for operation and applies a supply signal on the control board.

[3] Drive ready / remote control The frequency converter is ready for operation and is in Auto On mode.

[4] Stand-by / no warning The frequency converter is ready for operation. No start or stop command is been given (start/

disable). There are no warnings.

[5] Running Motor is running.

[6] Running / no warning The output speed is higher than the speed set in par. 1-81 Min Speed for Function at Stop [RPM].

The motor is running and there are no warnings.

[8] Run on reference / no warning Motor runs at reference speed.

[9] Alarm An alarm activates the output. There are no warnings.

[10] Alarm or warning An alarm or a warning activates the output.

[11] At torque limit The torque limit set in par. 4-16 has been exceeded.

[12] Out of current range The motor current is outside the range set in par. 4-18.

[13] Below current, low Motor current is lower than set in par. 4-50.

[14] Above current, high Motor current is higher than set in par. 4-51.

[15] Out of speed range Output speed is outside the range set in par. 4-52 and 4-53.

[16] Below speed, low Output speed is lower than the setting in par. 4-52.

[17] Above speed, high Output speed is higher than the setting in par. 4-53.

[18] Out of feedback range Feedback is outside the range set in par. 4-56 and 4-57.

[19] Below feedback low Feedback is below the limit set in par. 4-56 Warning Feedback Low.

[20] Above feedback high The feedback is above the limit set in par. 4-57 Warning Feedback High.

[21] Thermal warning The thermal warning turns on when the temperature exceeds the limit in the motor, the frequency

converter, the brake resistor, or the thermistor.

[25] Reverse Reversing. Logic ‘1’ = relay activated, 24 V DC when CW rotation of the motor. Logic ‘0’ = relay not

activated, no signal, when CCW rotation of the motor.

[26] Bus OK Active communication (no time-out) via the serial communication port.

[27] Torque limit and stop Used in performing a coasting stop and in torque limit condition. If the frequency converter has

received a stop signal and is at the torque limit, the signal is Logic ‘0’.

[28] Brake, no warning The brake is active and there are no warnings.

[29] Brake ready, no fault The brake is ready for operation and there are no faults.

[30] Brake fault (IGBT) The output is Logic ‘1’ when the brake IGBT is short-circuited. Use this function to protect the

frequency converter if there is a fault on the brake modules. Use the output/relay to cut out the

main voltage from the frequency converter.

[35] External Interlock External Interlock function has been activated via one of the digital inputs.

[40] Out of ref range

[41] Below reference low

[42] Above reference high

[45] Bus Ctrl

[46] Bus Ctrl 1 if timeout

[47] Bus Ctrl 0 if timeout

[55] Pulse output

[60] Comparator 0 See par. group 13-1*. If Comparator 0 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[61] Comparator 1 See par. group 13-1*. If Comparator 2 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

2 Parameter Description VLT® AQUA Drive Programming Guide

70 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 263 of 1072



[62] Comparator 2 See par. group 13-1*. If Comparator 2 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[63] Comparator 3 See par. group 13-1*. If Comparator 3 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[64] Comparator 4 See par. group 13-1*. If Comparator 4 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[65] Comparator 5 See par. group 13-1*. If Comparator 4 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[70] Logic Rule 0 See par. group 13-4*. If Logic Rule 0 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[71] Logic Rule 1 See par. group 13-4*. If Logic Rule 1 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[72] Logic Rule 2 See par. group 13-4*. If Logic Rule 2 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[73] Logic Rule 3 See par. group 13-4*. If Logic Rule 3 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[74] Logic Rule 4 See par. group 13-4*. If Logic Rule 4 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[75] Logic Rule 5 See par. group 13-4*. If Logic Rule 5 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[80] SL Digital Output A See par. 13-52 SL Control Action. The input will go high whenever the Smart Logic Action [38] Set

dig. out. A high is executed. The input will go low whenever the Smart Logic Action [32] Set dig.

out. A low is executed.

[81] SL Digital Output B See par. 13-52 SL Control Action. The input will go high whenever the Smart Logic Action [39] Set

dig. out. A high is executed. The input will go low whenever the Smart Logic Action [33] Set dig.

out. A low is executed.

[82] SL Digital Output C See par. 13-52SL Control Action. The input will go high whenever the Smart Logic Action [40] Set

dig. out. A high is executed. The input will go low whenever the Smart Logic Action [34] Set dig.

out. A low is executed.

[83] SL Digital Output D See par. 13-52 SL Control Action. The input will go high whenever the Smart Logic Action [41] Set

dig. out. A high is executed. The input will go low whenever the Smart Logic Action [35] Set dig.

out. A low is executed.

[84] SL Digital Output E See par. 13-52 SL Control Action. The input will go high whenever the Smart Logic Action [42] Set

dig. out. A high is executed. The input will go low whenever the Smart Logic Action [36] Set dig.

out. A low is executed.

[85] SL Digital Output F See par. 13-52 SL Control Action. The input will go high whenever the Smart Logic Action [43] Set

dig. out. A high is executed. The input will go low whenever the Smart Logic Action [37] Set dig.

out. A low is executed.

[160] No alarm Output is high when no alarm is present.

[161] Running reverse The output is high when the frequency converter is running counter clockwise (the logical product

of the status bits ‘running’ AND ‘reverse’).

[165] Local reference active Output is high when par. 3-13 Reference Site = [2] Local or when par. 3-13 Reference Site = [0]

Linked to hand auto at the same time as the LCP is in Hand on mode.

[166] Remote reference active Output is high when par. 3-13 Reference Site = Remote [1] or Linked to hand/auto [0] while the

LCP is in [Auto on] mode.

[167] Start command active Output is high when there is an active Start command. (I.e.[Auto On] and a start command via

digital input or bus is active, or [Hand On].

NB!

All inverse Stop/Coast commands must be inactive.

[168] Drive in hand mode Output is high when the frequency converter is in Hand on mode (as indicated by the LED light

above [Hand on].
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[169] Drive in auto mode Output is high when the frequency converter is in Hand on mode (as indicated by the LED light

above [Auto on].

[180] Clock Fault The clock function has been reset to default (2000-01-01) because of a power failure.

[181] Preventive Maintenance One or more of the Preventive Maintenance Events programmed in par. 23-10, Preventive Mainte-

nance Item, has passed the time for the specified action in par. 23-11, Maintenance Action.

[190] No-Flow A No-Flow situation or Minimum Speed situation has been detected if enabled in Minimum Speed

Detection. par. 22-21 and/or No-Flow Detection, par. 22-22.

[191] Dry Pump A Dry Pump condition has been detected. This function must be enabled in par. 22-26, Dry Pump

Function.

[192] End of Curve Active when an End of Curve condition is present.

[193] Sleep Mode The frequency converter/system has turned into sleep mode. See Sleep mode, par. 22-4*.

[194] Broken Belt A Broken Belt condition has been detected. This function must be enabled in par. 22-60, Broken

Belt Detection.

[195] Bypass Valve Control The bypass valve control (Digital / Relay output in the frequency converter) is used for compressor

systems to unload the compressor during start-up by using a bypass valve. After the start command

is given the bypass valve will be open until the frequency converter reaches Motor speed low lim-

it, par. 4 -11) . After the limit has been reached the bypass valve will be closed, allowing the

compressor to operate normally. This procedure will not be activated again before a new start is

initiated and the frequency converter speed is zero during the receiving of start signal. Start De-

lay, par. 1-71 can be used in order to delay the motor start. The Bypass valve control principle:

The below setting options are all related to the Cascade Controller.

Wiring diagrams and settings for parameter, see group 25-** for more details.

[199] Pipe Filling Active when the Pipe Fill function is operating. See par. 29-0*.

[200] Full Capacity All pumps running and at full speed

[201] Pump1 Running One or more of the pumps controlled by the Cascade Controller are running. The function will also

depend on the setting of in Fixed Lead Pump, par. 25-06. If set to No [0] Pump 1 refers to the pump

controlled by relay RELAY1 etc. If set to Yes [1] Pump 1 refers to the pump controlled by the

frequency converter only (without any of the build in relays involved) and Pump 2 to the pump

controlled by the relay RELAY1. See below table:

[202] Pump2 Running See [201]

[203] Pump3 Running See [201]

Setting in Par. 5-3* Setting in Par. 25-06

[0] No [1] Yes

[200] Pump 1 Running Controlled by RELAY1 Frequency Converter controlled

[201] Pump 2 Running Controlled by RELAY2 Controlled by RELAY1

[203] Pump 3 Running Controlled by RELAY3 Controlled by RELAY2
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5-30  Terminal 27 Digital Output

Option: Function:
Same options and functions as par. 5-3*.

[0] * No operation

5-31  Terminal 29 Digital Output

Option: Function:
Same options and functions as par. 5-3*.

[0] * No operation

5-32  Term X30/6 Digi Out (MCB 101)

Option: Function:
[0] * No operation This parameter is active when option module MCB 101 is mounted in the frequency converter.

[1] Control ready The control board receives supply voltage.

[2] Drive ready The frequency converter is ready for operation and applies a supply signal on the control board.

[3] Drive rdy/rem ctrl The frequency converter is ready for operation and is in Auto On mode.

[4] Standby / no warning Ready for operation. No start or stop command is been given (start/disable). There are no warnings.

[5] Running Motor is running.

[6] Running / no warning Output speed is higher than the speed set in par.1-81 Min Speed for Function at Stop [RPM]. The

motor is running and there are no warnings.

[8] Run on ref/no warn Motor is running within the programmed current and speed ranges set in par. 4-50 Warning Current

Low to par. 4-53 Warning Speed High. There are no warnings.

[9] Alarm An alarm activates the output. There are no warnings.

[10] Alarm or warning An alarm or a warning activates the output.

[11] At torque limit The torque limit set in par. 4-16 Torque Limit Motor Mode or par. 1-17 has been exceeded.

[12] Out of current range The motor current is outside the range set in par. 4-18 Current Limit.

[13] Below current, low Motor current is lower than set in par. 4-50 Warning Current Low.

[14] Above current, high Motor current is higher than set in par. 4-51 Warning Current High.

[15] Out of speed range Output frequency is outside the frequency range set in par. 4-50 Warning Current Low and

par. 4-51 Warning Current High.

[16] Below speed, low Output speed is lower than the setting in par. 4-52 Warning Speed Low.

[17] Above speed, high Output speed is higher than the setting in par. 4-53 Warning Speed High.

[18] Out of feedb. range Feedback is outside the range set in par. 4-56 Warning Feedback Low and par. 4-57 Warning Feed-

back High.

[19] Below feedback, low Feedback is below the limit set in par. 4-56 Warning Feedback Low.

[20] Above feedback, high Feedback is above the limit set in par. 4-57 Warning Feedback High.

[21] Thermal warning The thermal warning turns on when the temperature exceeds the limit in the motor, the frequency

converter, the brake resistor, or the thermistor.

[25] Reverse Reversing. Logic ‘1’  when CW rotation of the motor. Logic ‘0’ when CCW rotation of the motor. If

the motor is not rotating the output will follow the reference.

[26] Bus OK Active communication (no time-out) via the serial communication port.

[27] Torque limit & stop Use in performing a coasting stop and in torque limit condition. If the frequency converter has

received a stop signal and is at the torque limit, the signal is Logic ‘0’.

[28] Brake, no brake war Brake is active and there are no warnings.
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[29] Brake ready, no fault Brake is ready for operation and there are no faults.

[30] Brake fault (IGBT) Output is Logic ‘1’ when the brake IGBT is short-circuited. Use this function to protect the frequency

converter if there is a fault on the brake modules. Use the output/relay to cut out the main voltage

from the frequency converter.

[35] External Interlock

[40] Out of ref range

[41] Below reference, low

[42] Above ref, high

[45] Bus ctrl. Controls output via bus. The state of the output is set in par. 5-90 Digital & Relay Bus Control. The

output state is retained in the event of bus time-out.

[46] Bus ctrl, 1 if timeout Controls output via bus. The state of the output is set in par. 5-90 Digital & Relay Bus Control. In

the event of bus time-out the output state is set high (On).

[47] Bus ctrl, 0 if timeout Controls output via bus. The state of the output is set in par. 5-90 Digital & Relay Bus Control. In

the event of bus time-out the output state is set low (Off).

[55] Pulse output

[60] Comparator 0 See par. group LC-1#. If Comparator 0 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[61] Comparator 1 See par. group LC-1#. If Comparator 1 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[62] Comparator 2 See par. group LC-1#. If Comparator 2 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[63] Comparator 3 See par. group LC-1#. If Comparator 3 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[64] Comparator 4 See par. group LC-1#. If Comparator 4 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[65] Comparator 5 See par. group LC-1#. If Comparator 5 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[70] Logic rule 0 See par. group LC-4#. If Logic Rule 0 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[71] Logic rule 1 See par. group LC-4#. If Logic Rule 1 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[72] Logic rule 2 See par. group LC-4#. If Logic Rule 2 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[73] Logic rule 3 See par. group LC-4#. If Logic Rule 3 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[74] Logic rule 4 See par. group LC-4#. If Logic Rule 4 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[75] Logic rule 5 See par. group LC-4#. If Logic Rule 5 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[80] SL digital output A

[81] SL digital output B

[82] SL digital output C

[83] SL digital output D

[84] SL digital output E

[85] SL digital output F

[160] No alarm Output is high when no alarm is present.

2 Parameter Description VLT® AQUA Drive Programming Guide

74 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 267 of 1072



[161] Running reverse Output is high when the frequency converter is running counter clockwise (the logical product of

the status bits ‘running’ AND ‘reverse’).

[165] Local ref active Output is high when par.3-13 Reference Site = [2] Local or when par.3-13 Reference Site = [0]

Linked to hand auto at the same time as the LCP is in Hand mode.

[166] Remote ref active Output is high when par.3-13 Reference Site  = Remote [1] or Linked to hand/auto [0] while the

LCP is in [Auto] mode.

[167] Start command act. Output is high when there is an active Start command (i.e. via digital input bus connection or [Hand]

or [Auto]), and no Stop or Start command is active.

[168] Hand mode Output is high when the frequency converter is in Hand mode (as indicated by the LED light above

[Hand]).

[169] Auto mode Output is high when the frequency converter is in Hand on mode (as indicated by the LED light

above [Auto]).

[180] Clock Fault

[181] Prev. Maintenance

[190] No-Flow

[191] Dry Pump

[192] End Of Curve

[193] Sleep Mode

[194] Broken Belt

[195] Bypass Valve Control

[196] Fire Mode

[197] Fire Mode was Act.

[198] Drive Bypass

[200] Full capacity

[201] Pump 1 running

[202] Pump 2 running

[203] Pump 3 running

5-33  Term X30/7 Digi Out (MCB 101)

Option: Function:
[0] * No operation This parameter is active when option module MCB 101 is mounted in the frequency converter.

[1] Control ready The control board receives supply voltage.

[2] Drive ready The frequency converter is ready for operation and applies a supply signal on the control board.

[3] Drive rdy/rem ctrl The frequency converter is ready for operation and is in Auto mode.

[4] Standby / no warning Ready for operation. No start or stop command is been given (start/disable). There are no warnings.

[5] Running Motor is running.

[6] Running / no warning Output speed is higher than the speed set in par.1-81 Min Speed for Function at Stop [RPM]. The

motor is running and there are no warnings.

[8] Run on ref/no warn Motor runs at reference speed.

[9] Alarm An alarm activates the output. There are no warnings.

[10] Alarm or warning An alarm or a warning activates the output.

[11] At torque limit The torque limit set in par. 4-16 Torque Limit Motor Mode or par. 1-17 has been exceeded.

[12] Out of current range The motor current is outside the range set in par. 4-18 Current Limit.

[13] Below current, low Motor current is lower than set in par. 4-50 Warning Current Low.
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[14] Above current, high Motor current is higher than set in par. 4-51 Warning Current High.

[15] Out of speed range Output frequency is outside the frequency range set in par. 4-50 Warning Current Low and

par. 4-51 Warning Current High.

[16] Below speed, low Output speed is lower than the setting in par. 4-52 Warning Speed Low.

[17] Above speed, high Output speed is higher than the setting in par. 4-53 Warning Speed High.

[18] Out of feedb. range Feedback is outside the range set in par. 4-56 Warning Feedback Low and par. 4-57 Warning Feed-

back High.

[19] Below feedback, low Feedback is below the limit set in par. 4-56 Warning Feedback Low.

[20] Above feedback, high Feedback is above the limit set in par. 4-57 Warning Feedback High.

[21] Thermal warning The thermal warning turns on when the temperature exceeds the limit in the motor, the frequency

converter, the brake resistor, or the thermistor.

[25] Reverse Reversing. Logic ‘1’  when CW rotation of the motor. Logic ‘0’ when CCW rotation of the motor. If

the motor is not rotating the output will follow the reference.

[26] Bus OK Active communication (no time-out) via the serial communication port.

[27] Torque limit & stop Use in performing a coasting stop and in torque limit condition. If the frequency converter has

received a stop signal and is at the torque limit, the signal is Logic ‘0’.

[28] Brake, no brake war Brake is active and there are no warnings.

[29] Brake ready, no fault Brake is ready for operation and there are no faults.

[30] Brake fault (IGBT) Output is Logic ‘1’ when the brake IGBT is short-circuited. Use this function to protect the frequency

converter if there is a fault on the brake modules. Use the output/relay to cut out the main voltage

from the frequency converter.

[35] External Interlock

[40] Out of ref range

[41] Below reference, low

[42] Above ref, high

[45] Bus ctrl. Controls output via bus. The state of the output is set in par. 5-90 Digital & Relay Bus Control. The

output state is retained in the event of bus time-out.

[46] Bus ctrl, 1 if timeout Controls output via bus. The state of the output is set in par. 5-90 Digital & Relay Bus Control. In

the event of bus time-out the output state is set high (On).

[47] Bus ctrl, 0 if timeout Controls output via bus. The state of the output is set in par. 5-90 Digital & Relay Bus Control. In

the event of bus time-out the output state is set low (Off).

[60] Comparator 0 See par. group LC-1#. If Comparator 0 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[61] Comparator 1 See par. group LC-1#. If Comparator 1 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[62] Comparator 2 See par. group LC-1#. If Comparator 2 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[63] Comparator 3 See par. group LC-1#. If Comparator 3 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[64] Comparator 4 See par. group LC-1#. If Comparator 4 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[65] Comparator 5 See par. group LC-1#. If Comparator 5 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.
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[70] Logic rule 0 See par. group LC-4#. If Logic Rule 0 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[71] Logic rule 1 See par. group LC-4#. If Logic Rule 1 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[72] Logic rule 2 See par. group LC-4#. If Logic Rule 2 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[73] Logic rule 3 See par. group LC-4#. If Logic Rule 3 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[74] Logic rule 4 See par. group LC-4#. If Logic Rule 4 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[75] Logic rule 5 See par. group LC-4#. If Logic Rule 5 is evaluated as TRUE, the output will go high. Otherwise, it

will be low.

[80] SL digital output A

[81] SL digital output B

[82] SL digital output C

[83] SL digital output D

[84] SL digital output E

[85] SL digital output F

[160] No alarm Output is high when no alarm is present.

[161] Running reverse Output is high when the frequency converter is running counter clockwise (the logical product of

the status bits ‘running’ AND ‘reverse’).

[165] Local ref active Output is high when par.3-13 Reference Site = [2] Local or when par.3-13 Reference Site = [0]

Linked to hand auto at the same time as the LCP is in Hand mode.

[166] Remote ref active Output is high when par.3-13 Reference Site  = Remote [1] or Linked to hand/auto [0] while the

LCP is in [Auto] mode.

[167] Start command act. Output is high when there is an active Start command (i.e. via digital input bus connection or [Hand]

or [Auto]), and no Stop or Start command is active.

[168] Hand mode Output is high when the frequency converter is in Hand mode (as indicated by the LED light above

[Hand]).

[169] Auto mode Output is high when the frequency converter is in Auto mode (as indicated by the LED light above

[Auto]).

[180] Clock Fault

[181] Prev. Maintenance

[190] No-Flow

[191] Dry Pump

[192] End Of Curve

[193] Sleep Mode

[194] Broken Belt

[195] Bypass Valve Control

[200] Full capacity

[201] Pump 1 running

[202] Pump 2 running

[203] Pump 3 running
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2.7.5 5-4* Relays

Parameters for configuring the timing and the output functions for the relays.

5-40  Function Relay

Array [8] (Relay 1 [0], Relay 2 [1], Relay 7 [6], Relay 8 [7], Relay 9 [8])

Select options to define the function of the relays.

The selection of each mechanical relay is realized in an array parameter.

[0] * No Operation

[1] Control Ready

[2] Drive Ready

[3] Drive Ready/Remote

[4] Stand-by/No Warning

[5] Running

[6] Running/No Warning

[8] Run on Ref./No Warning

[9] Alarm

[10] Alarm or Warning

[11] At Torque Limit

[12] Out of Current Range

[13] Below Current, low

[14] Above Current, high

[15] Out of Speed Range

[16] Below Speed, low

[17] Above Speed, high

[18] Out of Feedb. Range

[19] Below Feedback, low

[20] Above Feedback, high

[21] Thermal Warning

[25] Reverse

[26] Bus OK

[27] Torque Limit & Stop

[28] Brake, No Warning

[29] Brake Ready, No Fault

[30] Brake Fault (IGBT)

[35] External Interlock

[36] Control Word Bit 11

[37] Control Word Bit 12

[40] Out of Ref. Range

[41] Below Reference, low

[42] Above Ref. high

[45] Bus ctrl

[46] Bus ctrl, 1 if timeout

[47] Bus ctrl, 0 if timeout

[60] Comparator 0

[61] Comparator 1

2 Parameter Description VLT® AQUA Drive Programming Guide

78 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 271 of 1072



[62] Comparator 2

[63] Comparator 3

[64] Comparator 4

[65] Comparator 5

[70] Logic Rule 0

[71] Logic Rule 1

[72] Logic Rule 2

[73] Logic Rule 3

[74] Logic Rule 4

[75] Logic Rule 5

[80] SL Digital Output A

[81] SL Digital Output B

[82] SL Digital Output C

[83] SL Digital Output D

[84] SL Digital Output E

[85] SL Digital Output F

[160] No Alarm

[161] Running Reverse

[165] Local Ref. Active

[166] Remote Ref. Active

[167] Start Cmd. Active

[168] Drive in Hand Mode

[169] Drive in Auto Mode

[180] Clock Fault

[181] Prev. Maintenance

[190] No-Flow

[191] Dry Pump

[192] End of Curve

[193] Sleep Mode

[194] Broken Belt

[195] Bypass Valve Control

[199] Pipe Filling

[211] Cascade Pump1

[212] Cascade Pump2

[213] Cascade Pump3

[223] Alarm, Trip Locked

[224] Bypass Mode Active

5-41  On Delay, Relay
Array [8](Relay 1 [0], Relay 2 [1], Relay 3 [2], Relay 4 [3], Relay 5 [4], Relay 6 [5], Relay 7 [6], Relay 8 [7], Relay 9 [8])

Range: Function:
0.01 s*   [0.01 - 600.00 s] Enter the delay of the relay cut-in time. Select one of available mechanical relays and MCO 105 in

an array function. See par. 5-40 Function Relay. Relay 3-6 are included in MCB 112 (ATEX).
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5-42  Off Delay, Relay
Array [8] (Relay 1 [0], Relay 2 [1], Relay 3 [2], Relay 4 [3], Relay 5 [4], Relay 6 [5], Relay 7 [6], Relay 8 [7], Relay 9 [8])

Range: Function:
0.01 s*   [0.01 - 600.00 s] Enter the delay of the relay cut-out time. Select one of available mechanical relays and MCO 105 in

an array function. See par. 5-40 Function Relay.

If the selected Event condition changes before the on- or off delay timer expires, the relay output is unaffected.

 

2.7.6 5-5* Pulse Input

The pulse input parameters are used to define an appropriate window for the impulse reference area by configuring the scaling and filter settings for the

pulse inputs. Input terminals 29 or 33 act as frequency reference inputs. Set terminal 29 (par. 5-13 Terminal 29 Digital Input) or terminal 33

(par. 5-15 Terminal 33 Digital Input) to Pulse input [32]. If terminal 29 is used as an input, then set par.5-02 Terminal 29 Mode to Input [0].
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5-50  Term. 29 Low Frequency

Range: Function:
100 Hz*   [0 - 110000 Hz] Enter the low frequency limit corresponding to the low motor shaft speed (i.e. low reference value)

in par.5-52 Term. 29 Low Ref./Feedb. Value. Refer to the diagram in this section.

5-51  Term. 29 High Frequency

Range: Function:
100 Hz*   [0 - 110000 Hz] Enter the high frequency limit corresponding to the high motor shaft speed (i.e. high reference

value) in par.5-53 Term. 29 High Ref./Feedb. Value.

5-52  Term. 29 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Enter the low reference value limit for the motor shaft speed [RPM]. This is also the lowest feedback

value, see also par.5-57 Term. 33 Low Ref./Feedb. Value.

5-53  Term. 29 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Enter the high reference value [RPM] for the motor shaft speed and the high feedback value, see

also par.5-58 Term. 33 High Ref./Feedb. Value.

5-54  Pulse Filter Time Constant #29

Range: Function:
100 ms*   [1 - 1000 ms] Enter the pulse filter time constant. The pulse filter dampens oscillations of the feedback signal,

which is an advantage if there is a lot of noise in the system. A high time constant value results in

better dampening but also increases the time delay through the filter.

This parameter cannot be adjusted while the motor is running.

5-55  Term. 33 Low Frequency

Range: Function:
100 Hz*   [0 - 110000 Hz] Enter the low frequency corresponding to the low motor shaft speed (i.e. low reference value) in

par.5-57 Term. 33 Low Ref./Feedb. Value.

5-56  Term. 33 High Frequency

Range: Function:
100 Hz*   [0 - 110000 Hz] Enter the high frequency corresponding to the high motor shaft speed (i.e. high reference value) in

par.5-58 Term. 33 High Ref./Feedb. Value.

5-57  Term. 33 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Enter the low reference value [RPM] for the motor shaft speed. This is also the low feedback value,

see also par.5-52 Term. 29 Low Ref./Feedb. Value.

5-58  Term. 33 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Enter the high reference value [RPM] for the motor shaft speed. See also par.5-53 Term. 29 High

Ref./Feedb. Value.

5-59  Pulse Filter Time Constant #33

Range: Function:
100 ms*   [1 - 1000 ms] Enter the pulse filter time constant. The low-pass filter reduces the influence on and dampens os-

cillations on the feedback signal from the control.

This is an advantage, e.g. if there is a great amount on noise in the system. This parameter cannot

be adjusted while the motor is running.

VLT® AQUA Drive Programming Guide 2 Parameter Description

MG.20.O4.02 - VLT® is a registered Danfoss trademark 81

  2

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 274 of 1072



 

2.7.7 5-6* Pulse Outputs

Parameters for configuring the scaling and output functions of pulse outputs. The pulse outputs are designated to terminals 27 or 29. Select terminal 27

output in par. 5-01 and terminal 29 output in par. 5-02.

Options for readout output variables:

[0] * No operation

[45] Bus ctrl.

[48] Bus ctrl., timeout

[100] Output frequency

[101] Reference

[102] Feedback

[103] Motor current

[104] Torque relative to limit

[105] Torque relative to rated

[106] Power

[107] Speed

[108] Torque

[113] Ext. Closed Loop 1

[114] Ext. Closed Loop 2

[115] Ext. Closed Loop 3
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5-60  Terminal 27 Pulse Output Variable

Option: Function:
[0] * No operation Same options and functions as par. 5-6*.

Select the operation variable assigned for terminal 27 readouts.

This parameter cannot be adjusted while the motor is running.

[45] Bus ctrl.

[48] Bus ctrl., timeout

[100] Output freq. 0-100

[101] Reference Min-Max

[102] Feedback +-200%

[103] Motor cur. 0-Imax

[104] Torque 0-Tlim

[105] Torque 0-Tnom

[106] Power 0-Pnom

[107] Speed 0-HighLim

[113] Ext. Closed Loop 1

[114] Ext. Closed Loop 2

[115] Ext. Closed Loop 3

5-62  Pulse Output Max Freq #27

Range: Function:
5000 Hz*   [0 - 32000 Hz] Set the maximum frequency for terminal 27, corresponding to the output variable selected in par.

5-60 Terminal 27 Pulse Output Variable.

This parameter cannot be adjusted while the motor is running.

5-63  Terminal 29 Pulse Output Variable

Option: Function:
[0] * No operation Select the variable for viewing on the terminal 29 display.

This parameter cannot be adjusted while the motor is running.

[45] Bus ctrl.

[48] Bus ctrl., timeout

[100] Output freq. 0-100

[101] Reference Min-Max

[102] Feedback +-200%

[103] Motor cur. 0-Imax

[104] Torque 0-Tlim

[105] Torque 0-Tnom

[106] Power 0-Pnom

[107] Speed 0-HighLim

[113] Ext. Closed Loop 1

[114] Ext. Closed Loop 2

[115] Ext. Closed Loop 3

5-65  Pulse Output Max Freq #29

Range: Function:
5000 Hz*   [0 - 32000 Hz] Set the maximum frequency for terminal 29 corresponding to the output variable set in par.

5-63 Terminal 29 Pulse Output Variable.

This parameter cannot be adjusted while the motor is running.
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5-66  Terminal X30/6 Pulse Output Variable

Option: Function:
[0] * No operation Select the variable for read-out on terminal X30/6.

This parameter cannot be adjusted while the motor is running.

This parameter is active when option module MCB 101 is installed in the frequency converter.

[45] Bus ctrl.

[48] Bus ctrl., timeout

[100] Output freq. 0-100

[101] Reference Min-Max

[102] Feedback +-200%

[103] Motor cur. 0-Imax

[104] Torque 0-Tlim

[105] Torque 0-Tnom

[106] Power 0-Pnom

[107] Speed 0-HighLim

[113] Ext. Closed Loop 1

[114] Ext. Closed Loop 2

[115] Ext. Closed Loop 3

5-68  Pulse Output Max Freq #X30/6

Range: Function:
5000. Hz*   [0 - 32000 Hz] Select the maximum frequency on terminal X30/6 referring to the output variable in par.5-66 Ter-

minal X30/6 Pulse Output Variable. This parameter cannot be adjusted while the motor is running.

This parameter is active when option module MCB 101 is mounted in the frequency converter.

 

2.7.8 5-9*Bus Controlled

This parameter group selects digital and relay outputs via a fieldbus setting.

5-90  Digital & Relay Bus Control

Range: Function:
0 N/A*   [0 - 2147483647 N/A] This parameter holds the state of the digital outputs and relays that is controlled by bus.

A logical '1' indicates that the output is high or active.

A logical '0' indicates that the output is low or inactive.

Bit 0 CC Digital Output Terminal 27
Bit 1 CC Digital Output Terminal 29
Bit 2 GPIO Digital Output Terminal X 30/6
Bit 3 GPIO Digital Output Terminal X 30/7
Bit 4 CC Relay 1 output terminal
Bit 5 CC Relay 2 output terminal
Bit 6 Option B Relay 1 output terminal
Bit 7 Option B Relay 2 output terminal
Bit 8 Option B Relay 3 output terminal
Bit 9-15 Reserved for future terminals
Bit 16 Option C Relay 1 output terminal
Bit 17 Option C Relay 2 output terminal
Bit 18 Option C Relay 3 output terminal
Bit 19 Option C Relay 4 output terminal
Bit 20 Option C Relay 5 output terminal
Bit 21 Option C Relay 6 output terminal
Bit 22 Option C Relay 7 output terminal
Bit 23 Option C Relay 8 output terminal
Bit 24-31 Reserved for future terminals
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5-93  Pulse Out #27 Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the frequency to apply to the digital output terminal 27, when it is configured as [Bus

Controlled].

5-94  Pulse Out #27 Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the frequency to apply to the digital output terminal 27, when it is configured as [Bus

Controlled Timeout] and timeout is detected.

5-95  Pulse Out #29 Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the frequency to apply to the digital output terminal 29, when it is configured as [Bus

Controlled].

5-96  Pulse Out #29 Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the frequency to apply to the digital output terminal 29, when it is configured as [Bus

Controlled Timeout] and timeout is detected

5-97  Pulse Out #X30/6 Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the frequency to apply to the digital output terminal 27, when it is configured as [Bus

Controlled.

5-98  Pulse Out #X30/6 Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the frequency to apply to the digital output terminal 6, when it is configured as [Bus Con-

trolled Timeout] and time-out is detected.
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2.8 Main Menu - Analog In/Out - Group 6

2.8.1 6-** Analog In/Out

Parameter group for configuration of the analog input and output.

 

2.8.2 6-0* Analog I/O Mode

Parameter group for setting up the analog I/O configuration.

The frequency converter is equipped with 2 analog inputs: Terminal 53 and 54. The analog inputs can freely be allocated to either voltage (0 - 10 V) or

current input (0/4 - 20 mA)

NB!

Thermistors may be connected to either an analog or a digital input.

6-00  Live Zero Timeout Time

Range: Function:
10 s*   [1 - 99 s] Enter the Live Zero Time-out time period. Live Zero Time-out Time is active for analog inputs, i.e.

terminal 53 or terminal 54, used as reference or feedback sources. If the reference signal value

associated with the selected current input falls below 50% of the value set in par.6-10 Terminal 53

Low Voltage, par.6-12 Terminal 53 Low Current, par.6-20 Terminal 54 Low Voltage or par.

6-22 Terminal 54 Low Current for a time period longer than the time set in par.6-00 Live Zero

Timeout Time, the function selected in par.6-01 Live Zero Timeout Function will be activated.

6-01  Live Zero Timeout Function

Option: Function:
Select the time-out function. The function set in par.6-01 Live Zero Timeout Function will be acti-

vated if the input signal on terminal 53 or 54 is below 50% of the value in par.6-10 Terminal 53

Low Voltage, par.6-12 Terminal 53 Low Current, par.6-20 Terminal 54 Low Voltage or par.

6-22 Terminal 54 Low Current for a time period defined in par.6-00 Live Zero Timeout Time. If

several time-outs occur simultaneously, the frequency converter prioritises the time-out functions

as follows:

1. par.6-01 Live Zero Timeout Function

2. par.8-04 Control Timeout Function

The output frequency of the frequency converter can be:

• [1] frozen at the present value

• [2] overruled to stop

• [3] overruled to jog speed

• [4] overruled to max. speed

• [5] overruled to stop with subsequent trip

[0] * Off

[1] Freeze output

[2] Stop

[3] Jogging

[4] Max. speed

[5] Stop and trip
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6-02  Fire Mode Live Zero Timeout Function

Option: Function:
The function set in par.6-01 Live Zero Timeout Function will be activated if the input signal on

analogue inputs is below 50% of the value defined in parameter group 6-1* to 6-6* "Terminal xx

Low Current” or “Terminal xx Low Voltage" for a time period defined in par.6-00 Live Zero Timeout

Time.

[0] * Off

[1] Freeze output

[2] Stop

[3] Jogging

[4] Max. speed

 

2.8.3 6-1* Analog Input 1

Parameters for configuring the scaling and limits for analog input 1 (terminal 53).

6-10  Terminal 53 Low Voltage

Range: Function:
0.07 V*   [0.00 - par. 6-11 V] Enter the low voltage value. This analog input scaling value should correspond to the low reference/

feedback value set in par.6-14 Terminal 53 Low Ref./Feedb. Value.

6-11  Terminal 53 High Voltage

Range: Function:
10.00 V*   [par. 6-10 - 10.00 V] Enter the high voltage value. This analog input scaling value should correspond to the high refer-

ence/feedback value set in par.6-15 Terminal 53 High Ref./Feedb. Value.

6-12  Terminal 53 Low Current

Range: Function:
4.00 mA*   [0.00 - par. 6-13 mA] Enter the low current value. This reference signal should correspond to the low reference/feedback

value, set in par.6-14 Terminal 53 Low Ref./Feedb. Value. The value must be set at >2 mA in order

to activate the Live Zero Time-out Function in par.6-01 Live Zero Timeout Function.

6-13  Terminal 53 High Current

Range: Function:
20.00 mA*   [par. 6-12 - 20.00 mA] Enter the high current value corresponding to the high reference/feedback set in par.6-15 Terminal

53 High Ref./Feedb. Value.
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6-14  Terminal 53 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the low voltage/low current set in par.

6-10 Terminal 53 Low Voltage and par.6-12 Terminal 53 Low Current.

6-15  Terminal 53 High Ref./Feedb. Value

Range: Function:
50.000 N/

A*

  [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the high voltage/high current value set in

par.6-11 Terminal 53 High Voltage and par.6-13 Terminal 53 High Current.

6-16  Terminal 53 Filter Time Constant

Range: Function:
0.001 s*   [0.001 - 10.000 s] Enter the time constant. This is a first-order digital low pass filter time constant for suppressing

electrical noise in terminal 53. A high time constant value improves dampening but also increases

the time delay through the filter.

This parameter cannot be adjusted while the motor is running.

6-17  Terminal 53 Live Zero

Option: Function:
This parameter makes it possible to disable the Live Zero monitoring. E.g. to be used if the analog

outputs are used as part of a decentral I/O system (e.g. when not part of any frequency converter

related control functions, but feeding an external control system with data)

[0] Disabled

[1] * Enabled

 

2.8.4 6-2* Analog Input 2

Parameters for configuring the scaling and limits for analog input 2 (terminal 54).

6-20  Terminal 54 Low Voltage

Range: Function:
0.07 V*   [0.00 - par. 6-21 V] Enter the low voltage value. This analog input scaling value should correspond to the low reference/

feedback value, set in par.6-24 Terminal 54 Low Ref./Feedb. Value.

6-21  Terminal 54 High Voltage

Range: Function:
10.00 V*   [par. 6-20 - 10.00 V] Enter the high voltage value. This analog input scaling value should correspond to the high refer-

ence/feedback value set in par.6-25 Terminal 54 High Ref./Feedb. Value.

6-22  Terminal 54 Low Current

Range: Function:
4.00 mA*   [0.00 - par. 6-23 mA] Enter the low current value. This reference signal should correspond to the low reference/feedback

value, set in par.6-24 Terminal 54 Low Ref./Feedb. Value. The value must be set at >2 mA in order

to activate the Live Zero Time-out Function in par.6-01 Live Zero Timeout Function.

6-23  Terminal 54 High Current

Range: Function:
20.00 mA*   [par. 6-22 - 20.00 mA] Enter the high current value corresponding to the high reference/feedback value set in par.

6-25 Terminal 54 High Ref./Feedb. Value.
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6-24  Terminal 54 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the low voltage/low current value set in

par.6-20 Terminal 54 Low Voltage and par.6-22 Terminal 54 Low Current.

6-25  Terminal 54 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the high voltage/high current value set in

par.6-21 Terminal 54 High Voltage and par.6-23 Terminal 54 High Current.

6-26  Terminal 54 Filter Time Constant

Range: Function:
0.001 s*   [0.001 - 10.000 s] Enter the time constant. This is a first-order digital low pass filter time constant for suppressing

electrical noise in terminal 54. A high time constant value improves dampening but also increases

the time delay through the filter.

This parameter cannot be adjusted while the motor is running.

6-27  Terminal 54 Live Zero

Option: Function:
This parameter makes it possible to disable the Live Zero monitoring. E.g. to be used if the analog

outputs are used as part of a decentral I/O system (e.g. when not part of any frequency converter

related control functions, but feeding an external control system with data)

[0] Disabled

[1] * Enabled

 

2.8.5 6-3* Analog Input 3 MCB 101

Parameter group for configuring the scale and limits for analog input 3 (X30/11) placed on option module MCB 101.

6-30  Terminal X30/11 Low Voltage

Range: Function:
0.07 V*   [0.00 - par. 6-31 V] Sets the analog input scaling value to correspond to the low reference/feedback value (set in par.

6-34 Term. X30/11 Low Ref./Feedb. Value).

6-31  Terminal X30/11 High Voltage

Range: Function:
10.00 V*   [par. 6-30 - 10.00 V] Sets the analog input scaling value to correspond to the high reference/feedback value (set in par.

6-35 Term. X30/11 High Ref./Feedb. Value).

6-34  Term. X30/11 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Sets the analog input scaling value to correspond to the low voltage value (set in par.6-30 Terminal

X30/11 Low Voltage).

6-35  Term. X30/11 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Sets the analog input scaling value to correspond to the high voltage value (set in par.6-31 Terminal

X30/11 High Voltage).
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6-36  Term. X30/11 Filter Time Constant

Range: Function:
0.001 s*   [0.001 - 10.000 s] A 1st order digital low pass filter time constant for suppressing electrical noise on terminal X30/11.

par.6-36 Term. X30/11 Filter Time Constant cannot be changed while the motor is running.

6-37  Term. X30/11 Live Zero

Option: Function:
This parameter makes it possible to disable the Live Zero monitoring. E.g. to be used if the analog

outputs are used as part of a decentral I/O system (e.g. when not part of any frequency converter

related control functions, but feeding an external control system with data)

[0] * Disabled

[1] Enabled

 

2.8.6 6-4* Analog Input 4 MCB 101

Parameter group for configuring the scale and limits for analog input 4 (X30/12) placed on option module MCB 101.

6-40  Terminal X30/12 Low Voltage

Range: Function:
0.07 V*   [0.00 - par. 6-41 V] Sets the analog input scaling value to correspond to the low reference/feedback value set in par.

6-44 Term. X30/12 Low Ref./Feedb. Value.

6-41  Terminal X30/12 High Voltage

Range: Function:
10.00 V*   [par. 6-40 - 10.00 V] Sets the analog input scaling value to correspond to the high reference/feedback value set in par.

6-45 Term. X30/12 High Ref./Feedb. Value.

6-44  Term. X30/12 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Sets the analog output scaling value to correspond to the low voltage value set in par.6-40 Terminal

X30/12 Low Voltage.

6-45  Term. X30/12 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Sets the analog input scaling value to correspond to the high voltage value set in par.6-41 Terminal

X30/12 High Voltage.

6-46  Term. X30/12 Filter Time Constant

Range: Function:
0.001 s*   [0.001 - 10.000 s] A 1st order digital low pass filter time constant for suppressing electrical noise on terminal X30/12.

par.6-46 Term. X30/12 Filter Time Constant cannot be changed while the motor is running.

6-47  Term. X30/12 Live Zero

Option: Function:
This parameter makes it possible to disable the Live Zero monitoring. E.g. to be used if the analog

outputs are used as part of a decentral I/O system (e.g. when not part of any frequency converter

related control functions, but feeding an external control system with data)

[0] * Disabled

[1] Enabled
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2.8.7 6-5* Analog Output 1

Parameters for configuring the scaling and limits for analog output 1, i.e. Terminal 42. Analog outputs are current outputs: 0/4 – 20 mA. Common terminal

(terminal 39) is the same terminal and has the same electrical potential for analog common and digital common connection. Resolution on analog output

is 12 bit.

6-50  Terminal 42 Output

Option: Function:
Select the function of Terminal 42 as an analog current output. A motor current of 20 mA corre-

sponds to Imax.

[0] * No operation

[100] Output freq. 0-100 : 0 - 100 Hz, (0-20 mA)

[101] Reference Min-Max : Minimum reference - Maximum reference, (0-20 mA)

[102] Feedback +-200% : -200% to +200% of par. 20-14, (0-20 mA)

[103] Motor cur. 0-Imax : 0 - Inverter Max. Current (par. 16-37), (0-20 mA)

[104] Torque 0-Tlim : 0 - Torque limit (par. 4-16), (0-20 mA)

[105] Torque 0-Tnom : 0 - Motor rated torque, (0-20 mA)

[106] Power 0-Pnom : 0 - Motor rated power, (0-20 mA)

[107] Speed 0-HighLim : 0 - Speed High Limit (par. 4-13 and par. 4-14), (0-20 mA)

[113] Ext. Closed Loop 1 : 0 - 100%, (0-20 mA)

[114] Ext. Closed Loop 2 : 0 - 100%, (0-20 mA)

[115] Ext. Closed Loop 3 : 0 - 100%, (0-20 mA)

[130] Out frq 0-100 4-20mA : 0 - 100 Hz

[131] Reference 4-20mA : Minimum Reference - Maximum Reference

[132] Feedback 4-20mA : -200% to +200% of par. 20-14

[133] Motor cur. 4-20mA : 0 - Inverter Max. Current (par.16-37 Inv. Max. Current)

[134] Torq.0-lim 4-20 mA : 0 - Torque limit (par. 4-16)

[135] Torq.0-nom 4-20mA : 0 - Motor rated torque

[136] Power 4-20mA : 0 - Motor rated power

[137] Speed 4-20mA : 0 - Speed High Limit (par. 4-13 and par. 4-14)

[139] Bus ctrl. : 0 - 100%, (0-20 mA)

[140] Bus ctrl. 4-20 mA : 0 - 100%

[141] Bus ctrl t.o. : 0 - 100%, (0-20 mA)

[142] Bus ctrl t.o. 4-20mA : 0 - 100%

[143] Ext. CL 1 4-20mA : 0 - 100%

[144] Ext. CL 2 4-20mA : 0 - 100%

[145] Ext. CL 3 4-20mA : 0 - 100%

NB!

Values for setting the Minimum Reference is found in open loop par.3-02 Minimum Reference and for closed loop par. 20-13 Minimum Reference/

Feedb. - values for maximum reference for open loop is found in par.3-03 Maximum Reference and for closed loop par. 20-14 Maximum Reference/

Feedb..
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6-51  Terminal 42 Output Min Scale

Range: Function:
0.00 %*   [0.00 - 200.00 %] Scale for the minimum output (0 or 4 mA) of the analogue signal at terminal 42.

Set the value to be the percentage of the full range of the variable selected in par.6-50 Terminal

42 Output.

6-52  Terminal 42 Output Max Scale

Range: Function:
100.00 %*   [0.00 - 200.00 %] Scale for the maximum output (20 mA) of the analog signal at terminal 42.

Set the value to be the percentage of the full range of the variable selected in par.6-50 Terminal 42

Output.

��
��

��
��

���

It is possible to get a value lower than 20 mA at full scale by programming values >100% by using

a formula as follows:

20 mA / desired maximum current × 100 %

i.e. 10mA :  20 mA
10 mA × 100 % = 200 %

EXAMPLE 1:

Variable value= OUTPUT FREQUENCY, range = 0-100 Hz

Range needed for output = 0-50 Hz

Output signal 0 or 4 mA is needed at 0 Hz (0% of range) - set par.6-51 Terminal 42 Output Min Scale to 0%

Output signal 20 mA is needed at 50 Hz (50% of range) - set par.6-52 Terminal 42 Output Max Scale to 50%

��
��

��
��

���

EXAMPLE 2:

Variable= FEEDBACK, range= -200% to +200%

Range needed for output= 0-100%

Output signal 0 or 4 mA is needed at 0% (50% of range) - set par.6-51 Terminal 42 Output Min Scale to 50%

Output signal 20 mA is needed at 100% (75% of range) - set par.6-52 Terminal 42 Output Max Scale to 75%
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EXAMPLE 3:

Variable value= REFERENCE, range= Min ref - Max ref

Range needed for output= Min ref (0%) - Max ref (100%), 0-10 mA

Output signal 0 or 4 mA is needed at Min ref - set par.6-51 Terminal 42 Output Min Scale to 0%

Output signal 10 mA is needed at Max ref (100% of range) - set par.6-52 Terminal 42 Output Max Scale to 200%

(20 mA / 10 mA x 100%=200%).

��
��

��
��

	��

6-53  Terminal 42 Output Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the level of Output 42 if controlled by bus.

6-54  Terminal 42 Output Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the preset level of Output 42.

In case of a bus timeout and a timeout function is selected in par.6-50 Terminal 42 Output the

output will preset to this level.

 

2.8.8 6-6* Analog Output 2 MCB 101

Analog outputs are current outputs: 0/4 - 20 mA. Common terminal (terminal X30/8) is the same terminal and electrical potential for analog common

connection. Resolution on analog output is 12 bit.
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6-60  Terminal X30/8 Output

Option: Function:
[0] * No operation

[100] Output freq. 0-100

[101] Reference Min-Max

[102] Feedback +-200%

[103] Motor cur. 0-Imax

[104] Torque 0-Tlim

[105] Torque 0-Tnom

[106] Power 0-Pnom

[107] Speed 0-HighLim

[113] Ext. Closed Loop 1 : 0 - 100%, (0-20 mA)

[114] Ext. Closed Loop 2 : 0 - 100%, (0-20 mA)

[115] Ext. Closed Loop 3 : 0 - 100%, (0-20 mA)

[130] Out frq 0-100 4-20mA

[131] Reference 4-20mA : Minimum Reference - Maximum Reference

[132] Feedback 4-20mA : -200% to +200% of par. 20-14 Maximum Reference/Feedb.

[133] Motor cur. 4-20mA : 0 - Inverter Max. Current (par.16-37 Inv. Max. Current)

[134] Torq.0-lim 4-20 mA

[135] Torq.0-nom 4-20mA

[136] Power 4-20mA : 0 - Motor rated power

[137] Speed 4-20mA : 0 - Speed High Limit (4-13 and 4-14)

[139] Bus ctrl. : 0 - 100%, (0-20 mA)

[140] Bus ctrl. 4-20 mA : 0 - 100%

[141] Bus ctrl t.o. : 0 - 100%, (0-20 mA)

[142] Bus ctrl t.o. 4-20mA : 0 - 100%

[143] Ext. CL 1 4-20mA : 0 - 100%

[144] Ext. CL 2 4-20mA : 0 - 100%

[145] Ext. CL 3 4-20mA : 0 - 100%

6-61  Terminal X30/8 Min. Scale

Range: Function:
0.00 %*   [0.00 - 200.00 %] Scales the minimum output of the selected analog signal on terminal X30/8. Scale the minimum

value as a percentage of the maximum signal value, i.e. 0 mA (or 0 Hz) is desired at 25% of the

maximum output value and 25% is programmed. The value can never be higher than the corre-

sponding setting in par.6-62 Terminal X30/8 Max. Scale if value is below 100%.

This parameter is active when option module MCB 101 is mounted in the frequency converter.

2 Parameter Description VLT® AQUA Drive Programming Guide

94 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 287 of 1072



6-62  Terminal X30/8 Max. Scale

Range: Function:
100.00 %*   [0.00 - 200.00 %] Scales the maximum output of the selected analog signal on terminal X30/8. Scale the value to the

desired maximum value of the current signal output. Scale the output to give a lower current than

20 mA at full scale or 20 mA at an output below 100% of the maximum signal value. If 20 mA is

the desired output current at a value between 0 - 100% of the ful-scale output, program the per-

centage value in the parameter, i.e. 50% = 20 mA. If a current between 4 and 20 mA is desired at

maximum output (100%), calculate the percentage value as follows:

20 mA / desired maximum current ×  100 %

i.e. 10 mA :  20 mA
10 mA  ×  100 % = 200 %

6-63  Terminal X30/8 Output Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the value to apply to the output terminal, when it is configured as [Bus Controlled].

6-64  Terminal X30/8 Output Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Contains the value to apply to the output terminal, when it is configured as [Bus Controlled Timeout]

and time-out is detected.
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2.9 Main Menu - Communications and Options - Group 8

2.9.1 8-** Comm. and Options 

Parameter group for configuring communications and options.

 

2.9.2 8-0* General Settings

General settings for communications and options.

8-01  Control Site

Option: Function:
The setting in this parameter overrides the settings in par.8-50 Coasting Select to par.8-56 Preset

Reference Select.

[0] * Digital and ctrl.word Control by using both digital input and control word.

[1] Digital only Control by using digital inputs only.

[2] Controlword only Control by using control word only.

8-02  Control Word Source

Option: Function:
Select the source of the control word: one of two serial interfaces or four installed options. During

initial power-up, the frequency converter automatically sets this parameter to Option A [3] if it

detects a valid fieldbus option installed in slot A. If the option is removed, the frequency converter

detects a change in the configuration, sets par. 8-02 back to default setting FC Port, and the fre-

quency converter then trips. If an option is installed after initial power-up, the setting of par. 8-02

will not change but the frequency converter will trip and display: Alarm 67 Option Changed.

This parameter cannot be adjusted while the motor is running.

[0] None

[1] FC Port

[2] FC USB

[3] Option A

[4] Option B

[5] Option C0

[6] Option C1

8-03  Control Timeout Time

Range: Function:
60.0 s*   [1.0 - 18000.0 s] Enter the maximum time expected to pass between the reception of two consecutive telegrams. If

this time is exceeded, it indicates that the serial communication has stopped. The function selected

in par.8-04 Control Timeout Function Control Time-out Function will then be carried out.

In LonWorks the following variables will trigger the Control Word Time parameter:

nviStartStop

nviReset Fault

nviControlWord

nviDrvSpeedStpt

nviRefPcnt

nviRefHz
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8-04  Control Timeout Function

Option: Function:
Select the time-out function. The time-out function is activated when the control word fails to be

updated within the time period specified in par.8-03 Control Timeout Time. Choice [20] only appears

after setting the N2 protocol.

[0] * Off

[1] Freeze output

[2] Stop

[3] Jogging

[4] Max. speed

[5] Stop and trip

[7] Select setup 1

[8] Select setup 2

[9] Select setup 3

[10] Select setup 4

[20] N2 Override Release

In LonWorks, the time-out function is also activated when the following SNVT's fail to be updated within the time period specified in par.8-03 Control

Timeout Time:

nviStartStop

nviReset Fault

nviControlWord

nviDrvSpeedStpt

nviRefPcnt

nviRefHz

8-05  End-of-Timeout Function

Option: Function:
Select the action after receiving a valid control word following a time-out. This parameter is active

only when par.8-04 Control Timeout Function is set to [Set-up 1-4].

[0] Hold set-up Retains the set-up selected in par.8-04 Control Timeout Function and displays a warning, until par.

8-06 Reset Control Timeout toggles. Then the frequency converter resumes its original set-up.

[1] * Resume set-up Resumes the set-up active prior to the time-out.

8-06  Reset Control Timeout

Option: Function:
This parameter is active only when the choice Hold set-up [0] has been selected in par.8-05 End-

of-Timeout Function .

[0] * Do not reset Retains the set-up specified in par.8-04 Control Timeout Function, [Select setup 1-4] following a

control time-out.

[1] Do reset Returns the frequency converter to the original set-up following a control word time-out. When the

value is set to Do reset [1], the frequency converter performs the reset and then immediately reverts

to the Do not reset [0] setting.

8-07  Diagnosis Trigger

Option: Function:
This parameter has no function for LonWorks.

[0] * Disable

[1] Trigger on alarms

[2] Trigger alarm/warn.
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2.9.3 8-1* Ctrl. Word Settings

Parameters for configuring the option control word profile.

8-10  Control Profile

Option: Function:
Select the interpretation of the control and status words corresponding to the installed fieldbus.

Only the selections valid for the fieldbus installed in slot A will be visible in the LCP display.

[0] * FC profile

[1] PROFIdrive profile

[5] ODVA

[7] CANopen DSP 402

8-13  Configurable Status Word STW

Option: Function:
This parameter enables configuration of bits 12 – 15 in the status word.

[0] No function

[1] * Profile Default Function corresponds to the profile default selected in par.8-10 Control Profile.

[2] Alarm 68 Only Only set in case of an Alarm 68.

[3] Trip excl Alarm 68 Set in case of a trip, except if the trip is executed by an Alarm 68.

[16] T37 DI status The bit indicates the status of terminal 37.

“0” indicates T37 is low (safe stop)

“1” indicates T37 is high (normal)

 

2.9.4 8-3* FC Port Settings

Parameters for configuring the FC Port.

8-30  Protocol

Option: Function:
Protocol selection for the integrated FC (standard) Port (RS485) on the control card.

[0] * FC Communication according to the FC Protocol as described in RS-485 Installation and Set-up.

[1] FC MC Same as FC [0] but to be used when downloading SW to the frequency converter or uploading dll

file (covering information regarding parameters available in the frequency converter and their inter-

dependencies) to Motion Control Tool MCT10.

[2] Modbus RTU Communication according to the Modbus RTU protocol.

[9] FC option

8-31  Address

Range: Function:
1. N/A*   [1. - 126. N/A] Enter the address for the FC (standard) port.

Valid range: 1 - 126.
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8-32  Baud Rate

Option: Function:
Baud rate selection depends on Protocol selection in par. 8-30 Protocol.

[0] 2400 Baud

[1] 4800 Baud

[2] * 9600 Baud

[3] 19200 Baud

[4] 38400 Baud

[5] 57600 Baud

[6] 76800 Baud

[7] 115200 Baud

Default refers to the FC Protocol.

8-33  Parity / Stop Bits

Option: Function:
Parity and Stop Bits for the protocol par. 8-30 Protocol using the FC Port. For some of the protocols,

not all options will be visible. Default depends on the protocol selected.

[0] * Even Parity, 1 Stop Bit

[1] Odd Parity, 1 Stop Bit

[2] No Parity, 1 Stop Bit

[3] No Parity, 2 Stop Bits

8-35  Minimum Response Delay

Range: Function:
10. ms*   [5. - 10000. ms] Specify the minimum delay time between receiving a request and transmitting a response. This is

used for overcoming modem turnaround delays.

8-36  Maximum Response Delay

Range: Function:
10001. ms*   [11. - 10001. ms] Specify the maximum permissible delay time between transmitting a request and receiving a re-

sponse. Exceeding this delay time will cause control word time-out.

8-37  Maximum Inter-Char Delay

Range: Function:
25.00 ms*   [0.00 - 35.00 ms] Specify the maximum permissible time interval between receipt of two bytes. This parameter acti-

vates time-out if transmission is interrupted.
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8-40  Telegram Selection

Option: Function:
Enables use of freely configurable telegrams or standard telegrams for the FC port.

[1] * Standard telegram 1

[101] PPO 1

[102] PPO 2

[103] PPO 3

[104] PPO 4

[105] PPO 5

[106] PPO 6

[107] PPO 7

[108] PPO 8

[200] Custom telegram 1

 

2.9.5 8-5* Digital/Bus

Parameters for configuring the control word Digital/Bus merging.

8-50  Coasting Select

Option: Function:
Select control of the coasting function via the terminals (digital input) and/or via the bus.

[0] Digital input

[1] Bus Activates Start command via the serial communication port or fieldbus option.

[2] Logic AND Activates Start command via the fieldbus/serial communication port, AND additionally via one of the

digital inputs.

[3] * Logic OR Activates Start command via the fieldbus/serial communication port OR via one of the digital inputs.

NB!

This parameter is active only when par.8-01 Control Site is set to [0] Digital and control word.

8-52  DC Brake Select

Option: Function:
Select control of the DC brake via the terminals (digital input) and/or via the fieldbus.

[0] Digital input

[1] Bus Activates Start command via the serial communication port or fieldbus option.

[2] Logic AND Activates Start command via the fieldbus/serial communication port, AND additionally via one of the

digital inputs.

[3] * Logic OR Activates Start command via the fieldbus/serial communication port OR via one of the digital inputs.

NB!

This parameter is active only when par.8-01 Control Site is set to [0] Digital and control word.
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8-53  Start Select

Option: Function:
Select control of the frequency converter start function via the terminals (digital input) and/or via

the fieldbus.

[0] Digital input Activates Start command via a digital input.

[1] Bus Activates Start command via the serial communication port or fieldbus option.

[2] Logic AND Activates Start command via the fieldbus/serial communication port, AND additionally via one of the

digital inputs.

[3] * Logic OR Activates Start command via the fieldbus/serial communication port OR via one of the digital inputs.

NB!

This parameter is active only when par.8-01 Control Site is set to [0] Digital and control word.

8-54  Reversing Select

Option: Function:
Select control of the frequency converter reverse function via the terminals (digital input) and/or

via the fieldbus.

[0] * Digital input Activates Reverse command via a digital input.

[1] Bus Activates Reverse command via the serial communication port or fieldbus option.

[2] Logic AND Activates Reverse command via the fieldbus/serial communication port, AND additionally via one of

the digital inputs.

[3] Logic OR Activates Reverse command via the fieldbus/serial communication port OR via one of the digital

inputs.

NB!

This parameter is active only when par.8-01 Control Site is set to [0] Digital and control word.

8-55  Set-up Select

Option: Function:
Select control of the frequency converter set-up selection via the terminals (digital input) and/or via

the fieldbus.

[0] Digital input Activates the set-up selection via a digital input.

[1] Bus Activates the set-up selection via the serial communication port or fieldbus option.

[2] Logic AND Activates the set-up selection via the fieldbus/serial communication port, AND additionally via one

of the digital inputs.

[3] * Logic OR Activate the set-up selection via the fieldbus/serial communication port OR via one of the digital

inputs.

NB!

This parameter is active only when par.8-01 Control Site is set to [0] Digital and control word.
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8-56  Preset Reference Select

Option: Function:
Select control of the frequency converter Preset Reference selection via the terminals (digital input)

and/or via the fieldbus.

[0] Digital input Activates Preset Reference selection via a digital input.

[1] Bus Activates Preset Reference selection via the serial communication port or fieldbus option.

[2] Logic AND Activates Preset Reference selection via the fieldbus/serial communication port, AND additionally

via one of the digital inputs.

[3] * Logic OR Activates the Preset Reference selection via the fieldbus/serial communication port OR via one of

the digital inputs.

NB!

This parameter is active only when par.8-01 Control Site is set to [0] Digital and control word.

 

2.9.6 8-8* FC Port Diagnostics

These parameters are used for monitoring the Bus communication via the FC Port.

8-80  Bus Message Count

Range: Function:
0 N/A*   [0 - 0 N/A] This parameter shows the number of valid telegrams detected on the bus.

8-81  Bus Error Count

Range: Function:
0 N/A*   [0 - 0 N/A] This parameter shows the number of telegrams with faults (e.g. CRC fault), detected on the bus.

8-82  Slave Messages Rcvd

Range: Function:
0 N/A*   [0 - 0 N/A] This parameter shows the number of valid telegrams addressed to the slave, sent by the frequency

converter.

8-83  Slave Error Count

Range: Function:
0 N/A*   [0 - 0 N/A] This parameter shows the number of error telegrams, which could not be executed by the frequency

converter.

 

2.9.7 8-9* Bus Jog

Parameters for configuring the Bus Jog.

8-90  Bus Jog 1 Speed

Range: Function:
100 RPM*   [0 - par. 4-13 RPM] Enter the jog speed. This is a fixed jog speed activated via the serial port or fieldbus option.

8-91  Bus Jog 2 Speed

Range: Function:
200 RPM*   [0 - par. 4-13 RPM] Enter the jog speed. This is a fixed jog speed activated via the serial port or fieldbus option.
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8-94  Bus Feedback 1

Range: Function:
0 N/A*   [-200 - 200 N/A] Write a feedback to this parameter via the serial communication port or fieldbus option. This pa-

rameter must be selected in par.20-00 Feedback 1 Source, par.20-03 Feedback 2 Source or par.

20-06 Feedback 3 Source as a feedback source.

8-95  Bus Feedback 2

Range: Function:
0 N/A*   [-200 - 200 N/A] See par.8-94 Bus Feedback 1 for further details.

8-96  Bus Feedback 3

Range: Function:
0 N/A*   [-200 - 200 N/A] See par.8-94 Bus Feedback 1 for further details.
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2.10 Main Menu - Profibus - Group 9

2.10.1 9-** Profibus

Parameter group for all Profibus-specific parameters. Only available if Profibus option is mounted

9-15  PCD Write Configuration
Array [10]

Option: Function:
Select the parameters to be assigned to PCD 3 to 10 of the telegrams. The number of available

PCDs depends on the telegram type. The values in PCD 3 to 10 will then be written to the selected

parameters as data values. Alternatively, specify a standard Profibus telegram in par.9-22 Telegram

Selection.

[0] * None

[302] Minimum Reference

[303] Maximum Reference

[341] Ramp 1 Ramp Up Time

[342] Ramp 1 Ramp Down Time

[351] Ramp 2 Ramp Up Time

[352] Ramp 2 Ramp Down Time

[380] Jog Ramp Time

[381] Quick Stop Ramp Time

[411] Motor Speed Low Limit [RPM]

[413] Motor Speed High Limit [RPM]

[416] Torque Limit Motor Mode

[417] Torque Limit Generator Mode

[590] Digital & Relay Bus Control

[593] Pulse Out #27 Bus Control

[595] Pulse Out #29 Bus Control

[597] Pulse Out #X30/6 Bus Control

[653] Terminal 42 Output Bus Control

[663] Terminal X30/8 Output Bus Control

[890] Bus Jog 1 Speed

[891] Bus Jog 2 Speed

[894] Bus Feedback 1

[895] Bus Feedback 2

[896] Bus Feedback 3

[1680] Fieldbus CTW 1

[1682] Fieldbus REF 1

[2013] Minimum Reference/Feedb.

[2014] Maximum Reference/Feedb.

[2643] Terminal X42/7 Bus Control

[2653] Terminal X42/9 Bus Control

[2663] Terminal X42/11 Bus Control

9-16  PCD Read Configuration
Array [10]
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Option: Function:
Select the parameters to be assigned to PCD 3 to 10 of the telegrams. The number of available

PCDs depends on the telegram type. PCDs 3 to 10 contain the actual data values of the selected

parameters. For standard Profibus telegram, see par.9-22 Telegram Selection.

[0] * None

[894] Bus Feedback 1

[895] Bus Feedback 2

[896] Bus Feedback 3

[1500] Operating Hours

[1501] Running Hours

[1502] kWh Counter

[1600] Control Word

[1601] Reference [Unit]

[1602] Reference [%]

[1603] Status Word

[1605] Main Actual Value [%]

[1609] Custom Readout

[1610] Power [kW]

[1611] Power [hp]

[1612] Motor Voltage

[1613] Frequency

[1614] Motor Current

[1615] Frequency [%]

[1616] Torque [Nm]

[1617] Speed [RPM]

[1618] Motor Thermal

[1622] Torque [%]

[1630] DC Link Voltage

[1632] Brake Energy /s

[1633] Brake Energy /2 min

[1634] Heatsink Temp.

[1635] Inverter Thermal

[1638] SL Controller State

[1639] Control Card Temp.

[1650] External Reference

[1652] Feedback [Unit]

[1653] Digi Pot Reference

[1654] Feedback 1 [Unit]

[1655] Feedback 2 [Unit]

[1656] Feedback 3 [Unit]

[1660] Digital Input

[1661] Terminal 53 Switch Setting

[1662] Analog Input 53

[1663] Terminal 54 Switch Setting

[1664] Analog Input 54

[1665] Analog Output 42 [mA]

[1666] Digital Output [bin]
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[1667] Pulse Input #29 [Hz]

[1668] Pulse Input #33 [Hz]

[1669] Pulse Output #27 [Hz]

[1670] Pulse Output #29 [Hz]

[1671] Relay Output [bin]

[1672] Counter A

[1673] Counter B

[1675] Analog In X30/11

[1676] Analog In X30/12

[1677] Analog Out X30/8 [mA]

[1684] Comm. Option STW

[1685] FC Port CTW 1

[1690] Alarm Word

[1691] Alarm Word 2

[1692] Warning Word

[1693] Warning Word 2

[1694] Ext. Status Word

[1695] Ext. Status Word 2

[1696] Maintenance Word

[1830] Analog Input X42/1

[1831] Analog Input X42/3

[1832] Analog Input X42/5

[1833] Analog Out X42/7 [V]

[1834] Analog Out X42/9 [V]

[1835] Analog Out X42/11 [V]

9-18  Node Address

Range: Function:
126 N/A*   [0 - 126. N/A] Enter the station address in this parameter or alternatively in the hardware switch. In order to adjust

the station address in par.9-18 Node Address, the hardware switch must be set to 126 or 127 (i.e.

all switches set to ‘on’). Otherwise this parameter will display the actual setting of the switch.

9-22  Telegram Selection

Option: Function:
Select a standard Profibus telegram configuration for the frequency converter, as an alternative to

using the freely configurable telegrams in par.9-15 PCD Write Configuration and par.9-16 PCD Read

Configuration.

[1] Standard telegram 1

[101] PPO 1

[102] PPO 2

[103] PPO 3

[104] PPO 4

[105] PPO 5

[106] PPO 6

[107] PPO 7

[108] * PPO 8

[200] Custom telegram 1
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9-23  Parameters for Signals
Array [1000]

Option: Function:
This parameter contains a list of signals available for selection in par.9-15 PCD Write Configura-

tion and par.9-16 PCD Read Configuration.

[0] * None

[302] Minimum Reference

[303] Maximum Reference

[341] Ramp 1 Ramp Up Time

[342] Ramp 1 Ramp Down Time

[351] Ramp 2 Ramp Up Time

[352] Ramp 2 Ramp Down Time

[380] Jog Ramp Time

[381] Quick Stop Ramp Time

[411] Motor Speed Low Limit [RPM]

[413] Motor Speed High Limit [RPM]

[416] Torque Limit Motor Mode

[417] Torque Limit Generator Mode

[590] Digital & Relay Bus Control

[593] Pulse Out #27 Bus Control

[595] Pulse Out #29 Bus Control

[597] Pulse Out #X30/6 Bus Control

[653] Terminal 42 Output Bus Control

[663] Terminal X30/8 Output Bus Control

[890] Bus Jog 1 Speed

[891] Bus Jog 2 Speed

[894] Bus Feedback 1

[895] Bus Feedback 2

[896] Bus Feedback 3

[1500] Operating Hours

[1501] Running Hours

[1502] kWh Counter

[1600] Control Word

[1601] Reference [Unit]

[1602] Reference [%]

[1603] Status Word

[1605] Main Actual Value [%]

[1609] Custom Readout

[1610] Power [kW]

[1611] Power [hp]

[1612] Motor Voltage

[1613] Frequency

[1614] Motor Current

[1615] Frequency [%]

[1616] Torque [Nm]

[1617] Speed [RPM]

[1618] Motor Thermal
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[1622] Torque [%]

[1630] DC Link Voltage

[1632] Brake Energy /s

[1633] Brake Energy /2 min

[1634] Heatsink Temp.

[1635] Inverter Thermal

[1638] SL Controller State

[1639] Control Card Temp.

[1650] External Reference

[1652] Feedback [Unit]

[1653] Digi Pot Reference

[1654] Feedback 1 [Unit]

[1655] Feedback 2 [Unit]

[1656] Feedback 3 [Unit]

[1660] Digital Input

[1661] Terminal 53 Switch Setting

[1662] Analog Input 53

[1663] Terminal 54 Switch Setting

[1664] Analog Input 54

[1665] Analog Output 42 [mA]

[1666] Digital Output [bin]

[1667] Pulse Input #29 [Hz]

[1668] Pulse Input #33 [Hz]

[1669] Pulse Output #27 [Hz]

[1670] Pulse Output #29 [Hz]

[1671] Relay Output [bin]

[1672] Counter A

[1673] Counter B

[1675] Analog In X30/11

[1676] Analog In X30/12

[1677] Analog Out X30/8 [mA]

[1680] Fieldbus CTW 1

[1682] Fieldbus REF 1

[1684] Comm. Option STW

[1685] FC Port CTW 1

[1690] Alarm Word

[1691] Alarm Word 2

[1692] Warning Word

[1693] Warning Word 2

[1694] Ext. Status Word

[1695] Ext. Status Word 2

[1696] Maintenance Word

[1830] Analog Input X42/1

[1831] Analog Input X42/3

[1832] Analog Input X42/5

[1833] Analog Out X42/7 [V]

[1834] Analog Out X42/9 [V]
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[1835] Analog Out X42/11 [V]

[2013] Minimum Reference/Feedb.

[2014] Maximum Reference/Feedb.

[2643] Terminal X42/7 Bus Control

[2653] Terminal X42/9 Bus Control

[2663] Terminal X42/11 Bus Control

9-27  Parameter Edit

Option: Function:
Parameters can be edited via Profibus, the standard RS485 interface, or the LCP.

[0] Disabled Disables editing via Profibus.

[1] * Enabled Enables editing via Profibus.

9-28  Process Control

Option: Function:
Process control (setting of Control Word, speed reference, and process data) is possible via either

Profibus or standard fieldbus but not both simultaneously. Local control is always possible via the

LCP. Control via process control is possible via either terminals or fieldbus depending on the settings

in par.8-50 Coasting Select to par.8-56 Preset Reference Select.

[0] Disable Disables process control via Profibus, and enables process control via standard fieldbus or Profibus

Master class 2.

[1] * Enable cyclic master Enables process control via Profibus Master Class 1, and disables process control via standard field-

bus or Profibus Master class 2.

9-53  Profibus Warning Word

Range: Function:
0 N/A*   [0 - 65535 N/A] This parameter displays Profibus communication warnings. Please refer to the Profibus Operating

Instructions for further information.

Read only

Bit: Meaning:
0 Connection with DP-master is not ok
1 Not used
2 FDLNDL (Fieldbus Data link Layer) is not ok
3 Clear data command received
4 Actual value is not updated
5 Baudrate search
6 PROFIBUS ASIC is not transmitting
7 Initializing of PROFIBUS is not ok
8 Frequency converter is tripped
9 Internal CAN error
10 Wrong configuration data from PLC
11 Wrong ID sent by PLC
12 Internal error occured
13 Not configured
14 Timeout active
15 Warning 34 active
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9-63  Actual Baud Rate

Option: Function:
This parameter displays the actual Profibus baud rate. The Profibus Master automatically sets the

baud rate.

[0] 9,6 kbit/s

[1] 19,2 kbit/s

[2] 93,75 kbit/s

[3] 187,5 kbit/s

[4] 500 kbit/s

[6] 1500 kbit/s

[7] 3000 kbit/s

[8] 6000 kbit/s

[9] 12000 kbit/s

[10] 31,25 kbit/s

[11] 45,45 kbit/s

[255] * No baudrate found

9-65  Profile Number

Range: Function:
0 N/A*   [0 - 0 N/A] This parameter contains the profile identification. Byte 1 contains the profile number and byte 2 the

version number of the profile.

NB!

This parameter is not visible via LCP.

9-70  Programming Set-up

Option: Function:
Select the set-up to be edited.

[0] Factory setup Uses default data. This option can be used as a data source to return the other set-ups to a known

state.

[1] Set-up 1 Edits Set-up 1.

[2] Set-up 2 Edits Set-up 2.

[3] Set-up 3 Edits Set-up 3.

[4] Set-up 4 Edits Set-up 4.

[9] * Active Set-up Follows the active set-up selected in par.0-10 Active Set-up.

This parameter is unique to LCP and fieldbuses. See also par.0-11 Programming Set-up.
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9-71  Profibus Save Data Values

Option: Function:
Parameter values changed via Profibus are not automatically stored in non-volatile memory. Use

this parameter to activate a function that stores parameter values in the EEPROM non-volatile

memory, so changed parameter values will be retained at power-down.

[0] * Off Deactivates the non-volatile storage function.

[1] Store all setups Stores all parameter values for all set-ups in the non-volatile memory. The selection returns to

Off [0] when all parameter values have been stored.

[2] Store all setups Stores all parameter values for all set-ups in the non-volatile memory. The selection returns to

Off [0] when all parameter values have been stored.

9-72  ProfibusDriveReset

Option: Function:
[0] * No action

[1] Power-on reset Resets frequency converter upon power-up, as for power-cycle.

[3] Comm option reset Resets the Profibus option only, useful after changing certain settings in parameter group 9-**, e.g.

par.9-18 Node Address.

When reset, the frequency converter disappears from the fieldbus, which may cause a communi-

cation error from the master.

9-80  Defined Parameters (1)
Array [116]

No LCP access

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the defined frequency converter parameters available for Profi-

bus.

9-81  Defined Parameters (2)
Array [116]

No LCP access

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the defined frequency converter parameters available for Profi-

bus.

9-82  Defined Parameters (3)
Array [116]

No LCP access

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the defined frequency converter parameters available for Profi-

bus.

9-83  Defined Parameters (4)
Array [116]

No LCP access

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the defined frequency converter parameters available for Profi-

bus.
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9-90  Changed Parameters (1)
Array [116]

No LCP access

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the frequency converter parameters deviating from default set-

ting.

9-91  Changed Parameters (2)
Array [116]

No LCP access

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the frequency converter parameters deviating from default set-

ting.

9-92  Changed Parameters (3)
Array [116]

No LCP access

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the frequency converter parameters deviating from default set-

ting.

9-94  Changed Parameters (5)
Array [116]

No LCP Address

Read only

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter displays a list of all the frequency converter parameters deviating from default set-

ting.
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2.11 Main Menu - CAN Fieldbus - Group 10

2.11.1 10-** DeviceNet and CAN Fieldbus

Parameter group for DeviceNet CAN fieldbus parameters.

 

2.11.2 10-0* Common Settings

Parameter group for configuring common settings for CAN fieldbus options.

10-00  CAN Protocol

Option: Function:
[1] * DeviceNet View the active CAN protocol.

NB!

The options depend on installed option

10-01  Baud Rate Select

Option: Function:
Select the fieldbus transmission speed. The selection must correspond to the transmission speed of

the master and the other fieldbus nodes.

[16] 10 Kbps

[17] 20 Kbps

[18] 50 Kbps

[19] 100 Kbps

[20] * 125 Kbps

[21] 250 Kbps

[22] 500 Kbps

[23] 800 Kbps

[24] 1000 Kbps

10-02  MAC ID

Range: Function:
63. N/A*   [0 - 63. N/A] Selection of station address. Every station connected to the same DeviceNet network must have an

unambiguous address.

10-05  Readout Transmit Error Counter

Range: Function:
0 N/A*   [0 - 255 N/A] View the number of CAN control transmission errors since the last power-up.

10-06  Readout Receive Error Counter

Range: Function:
0 N/A*   [0 - 255 N/A] View the number of CAN control receipt errors since the last power-up.

10-07  Readout Bus Off Counter

Range: Function:
0 N/A*   [0 - 255 N/A] View the number of Bus Off events since the last power-up.
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2.11.3 10-1* DeviceNet

Parameters specific to the DeviceNet fieldbus.

10-10  Process Data Type Selection

Option: Function:
Select the Instance (telegram) for data transmission. The Instances available are dependent upon

the setting of par.8-10 Control Profile.

When par.8-10 Control Profile is set to [0] FC profile, par.10-10 Process Data Type Selection options

[0] and [1] are available.

When par.8-10 Control Profile is set to [5] ODVA, par.10-10 Process Data Type Selection options

[2] and [3] are available.

Instances 100/150 and 101/151 are Danfoss-specific. Instances 20/70 and 21/71 are ODVA-specific

AC Drive profiles.

For guidelines in telegram selection, please refer to the DeviceNet Operating Instructions.

Note that a change to this parameter will be executed immediately.

[0] * INSTANCE 100/150

[1] INSTANCE 101/151

[2] INSTANCE 20/70

[3] INSTANCE 21/71

10-11  Process Data Config Write

Option: Function:
Select the process write data for I/O Assembly Instances 101/151. Elements [2] and [3] of this array

can be selected. Elements [0] and [1] of the array are fixed.

[0] * None

[302] Minimum Reference

[303] Maximum Reference

[341] Ramp 1 Ramp Up Time

[342] Ramp 1 Ramp Down Time

[351] Ramp 2 Ramp Up Time

[352] Ramp 2 Ramp Down Time

[380] Jog Ramp Time

[381] Quick Stop Ramp Time

[411] Motor Speed Low Limit [RPM]

[413] Motor Speed High Limit [RPM]

[416] Torque Limit Motor Mode

[417] Torque Limit Generator Mode

[590] Digital & Relay Bus Control

[593] Pulse Out #27 Bus Control

[595] Pulse Out #29 Bus Control

[597] Pulse Out #X30/6 Bus Control

[653] Terminal 42 Output Bus Control

[663] Terminal X30/8 Output Bus Control

[890] Bus Jog 1 Speed

[891] Bus Jog 2 Speed

[894] Bus Feedback 1

[895] Bus Feedback 2

[896] Bus Feedback 3

[1680] Fieldbus CTW 1
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[1682] Fieldbus REF 1

[2013] Minimum Reference/Feedb.

[2014] Maximum Reference/Feedb.

[2643] Terminal X42/7 Bus Control

[2653] Terminal X42/9 Bus Control

[2663] Terminal X42/11 Bus Control

10-12  Process Data Config Read

Option: Function:
Select the process read data for I/O Assembly Instances 101/151. Elements [2] and [3] of this array

can be selected. Elements [0] and [1] of the array are fixed.

[0] * None

[894] Bus Feedback 1

[895] Bus Feedback 2

[896] Bus Feedback 3

[1500] Operating Hours

[1501] Running Hours

[1502] kWh Counter

[1600] Control Word

[1601] Reference [Unit]

[1602] Reference [%]

[1603] Status Word

[1605] Main Actual Value [%]

[1609] Custom Readout

[1610] Power [kW]

[1611] Power [hp]

[1612] Motor Voltage

[1613] Frequency

[1614] Motor Current

[1615] Frequency [%]

[1616] Torque [Nm]

[1617] Speed [RPM]

[1618] Motor Thermal

[1622] Torque [%]

[1630] DC Link Voltage

[1632] Brake Energy /s

[1633] Brake Energy /2 min

[1634] Heatsink Temp.

[1635] Inverter Thermal

[1638] SL Controller State

[1639] Control Card Temp.

[1650] External Reference

[1652] Feedback [Unit]

[1653] Digi Pot Reference

[1654] Feedback 1 [Unit]

[1655] Feedback 2 [Unit]

[1656] Feedback 3 [Unit]
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[1660] Digital Input

[1661] Terminal 53 Switch Setting

[1662] Analog Input 53

[1663] Terminal 54 Switch Setting

[1664] Analog Input 54

[1665] Analog Output 42 [mA]

[1666] Digital Output [bin]

[1667] Pulse Input #29 [Hz]

[1668] Pulse Input #33 [Hz]

[1669] Pulse Output #27 [Hz]

[1670] Pulse Output #29 [Hz]

[1671] Relay Output [bin]

[1672] Counter A

[1673] Counter B

[1675] Analog In X30/11

[1676] Analog In X30/12

[1677] Analog Out X30/8 [mA]

[1684] Comm. Option STW

[1685] FC Port CTW 1

[1690] Alarm Word

[1691] Alarm Word 2

[1692] Warning Word

[1693] Warning Word 2

[1694] Ext. Status Word

[1695] Ext. Status Word 2

[1696] Maintenance Word

[1830] Analog Input X42/1

[1831] Analog Input X42/3

[1832] Analog Input X42/5

[1833] Analog Out X42/7 [V]

[1834] Analog Out X42/9 [V]

[1835] Analog Out X42/11 [V]

10-13  Warning Parameter

Range: Function:
0 N/A*   [0 - 65535 N/A] View a DeviceNet-specific Warning word. One bit is assigned to every warning. Please refer to the

DeviceNet Operating Instructions (MG.33.DX.YY) for further information.

Bit: Meaning:
0 Bus not active
1 Explicit connection timeout
2 I/O connection
3 Retry limit reached
4 Actual is not updated
5 CAN bus off
6 I/O send error
7 Initialization error
8 No bus supply
9 Bus off
10 Error passive
11 Error warning
12 Duplicate MAC ID Error
13 RX queue overrun
14 TX queue overrun
15 CAN overrun
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10-14  Net Reference
Read only from LCP

Option: Function:
Select the reference source in Instance 21/71 and 20/70.

[0] * Off Enables reference via analog/digital inputs.

[1] On Enables reference via the fieldbus.

10-15  Net Control
Read only from LCP

Option: Function:
Select the control source in Instance 21/71 and 20/70.

[0] * Off Enables control via analog/digital inputs.

[1] On Enable control via the fieldbus.

 

2.11.4 10-2* COS Filters

Parameters for configuring COS filter settings.

10-20  COS Filter 1

Range: Function:
0 N/A*   [0 - 65535 N/A] Enter the value for COS Filter 1 to set up the filter mask for the Status Word. When operating in

COS (Change-Of-State), this function filters out bits in the Status Word that should not be sent if

they change.

10-21  COS Filter 2

Range: Function:
0 N/A*   [0 - 65535 N/A] Enter the value for COS Filter 2, to set up the filter mask for the Main Actual Value. When operating

in COS (Change-Of-State), this function filters out bits in the Main Actual Value that should not be

sent if they change.

10-22  COS Filter 3

Range: Function:
0 N/A*   [0 - 65535 N/A] Enter the value for COS Filter 3, to set up the filter mask for PCD 3. When operating in COS (Change-

Of-State), this function filters out bits in PCD 3 that should not be sent if they change.

10-23  COS Filter 4

Range: Function:
0 N/A*   [0 - 65535 N/A] Enter the value for COS Filter 4 to set up the filter mask for PCD 4. When operating in COS (Change-

Of-State), this function filters out bits in PCD 4 that should not be sent if they change.

 

2.11.5 10-3* Parameter Access

Parameter group providing access to indexed parameters and defining programming set-up.

10-30  Array Index

Range: Function:
0 N/A*   [0 - 255 N/A] View array parameters. This parameter is valid only when a DeviceNet fieldbus is installed.
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10-31  Store Data Values

Option: Function:
Parameter values changed via DeviceNet are not automatically stored in non-volatile memory. Use

this parameter to activate a function that stores parameter values in the EEPROM non-volatile

memory, so changed parameter values will be retained at power-down.

[0] * Off Deactivates the non-volatile storage function.

[1] Store all setups Stores all parameter values from the active set-up in the non-volatile memory. The selection returns

to Off [0] when all values have been stored.

[2] Store all setups Stores all parameter values for all set-ups in the non-volatile memory. The selection returns to

Off [0] when all parameter values have been stored.

10-32  Devicenet Revision

Range: Function:
0 N/A*   [0 - 65535 N/A] View the DeviceNet revision number. This parameter is used for EDS file creation.

10-33  Store Always

Option: Function:
[0] * Off Deactivates non-volatile storage of data.

[1] On Stores parameter data received via DeviceNet in EEPROM non-volatile memory as default.

10-39  Devicenet F Parameters
Array [1000]

No LCP access

Range: Function:
0 N/A*   [0 - 0 N/A] This parameter is used to configure the frequency converter via DeviceNet and build the EDS-file.
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2.12 Main Menu - Smart Logic - Group 13

2.12.1 13-** Prog. Features Prog. Features

Smart Logic Control (SLC) is essentially a sequence of user defined actions (see par.13-52 SL Controller Action [x]) executed by the SLC when the

associated user defined event (see par.13-51 SL Controller Event [x]) is evaluated as TRUE by the SLC. Events and actions are each numbered and linked

together in pairs. This means that when event [0] is fulfilled (attains the value TRUE), action [0] is executed. After this, the conditions of event [1] will

be evaluated and if evaluated TRUE, action [1] will be executed and so on. Only one event will be evaluated at any time. If an event is evaluated as

FALSE, nothing happens (in the SLC) during the current scan interval and no other events will be evaluated. This means that when the SLC starts, it

evaluates event [0] (and only event [0]) each scan interval. Only when event [0] is evaluated TRUE, will the SLC execute action [0] and start evaluating

event [1]. It is possible to programme from 1 to 20 events and actions.

When the last event / action has been executed, the sequence starts over again from event [0] / action [0]. The illustration shows an example with three

event / actions:

Starting and stopping the SLC:

Starting and stopping the SLC can be done by selecting On [1] or Off [0] in par.13-00 SL Controller Mode. The SLC always starts in state 0 (where it

evaluates event [0]). The SLC starts when the Start Event (defined in par.13-01 Start Event) is evaluated as TRUE (provided that On [1] is selected in

par.13-00 SL Controller Mode). The SLC stops when the Stop Event (par.13-02 Stop Event) is TRUE. par.13-03 Reset SLC resets all SLC parameters and

starts programming from scratch.

 

2.12.2 13-0* SLCLC-0# LC Settings

Use the SLC settings to activate, deactivate and reset the Smart Logic Control.

13-00  SL Controller Mode

Option: Function:
[0] * Off Disables the Smart Logic Controller.

[1] On Enables the Smart Logic Controller.

13-01  Start Event

Option: Function:
Select the boolean (TRUE or FALSE) input to activate Smart Logic Control.

[0] * False Enters the fixed value of FALSE in the logic rule.

[1] True Enters the fixed value TRUE in the logic rule.

[2] Running See parameter group 5-3* for further description.
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[3] In range See parameter group 5-3* for further description.

[4] On reference See parameter group 5-3* for further description.

[5] Torque limit See parameter group 5-3* for further description.

[6] Current limit See parameter group 5-3* for further description.

[7] Out of current range See parameter group 5-3* for further description.

[8] Below I low See parameter group 5-3* for further description.

[9] Above I high See parameter group 5-3* for further description.

[10] Out of speed range

[11] Below speed low See parameter group 5-3* for further description.

[12] Above speed high See parameter group 5-3* for further description.

[13] Out of feedb. range

[14] Below feedb. low

[15] Above feedb. high

[16] Thermal warning See parameter group 5-3* for further description.

[17] Mains out of range See parameter group 5-3* for further description.

[18] Reversing See parameter group 5-3* for further description.

[19] Warning See parameter group 5-3* for further description.

[20] Alarm (trip) See parameter group 5-3* for further description.

[21] Alarm (trip lock) See parameter group 5-3* for further description.

[22] Comparator 0 Use the result of comparator 0 in the logic rule.

[23] Comparator 1 Use the result of comparator 1 in the logic rule.

[24] Comparator 2 Use the result of comparator 2 in the logic rule.

[25] Comparator 3 Use the result of comparator 3 in the logic rule.

[26] Logic rule 0 Use the result of logic rule 0 in the logic rule.

[27] Logic rule 1 Use the result of logic rule 1 in the logic rule.

[28] Logic rule 2 Use the result of logic rule 2 in the logic rule.

[29] Logic rule 3 Use the result of logic rule 3 in the logic rule.

[33] Digital input DI18 Use the value of DI18 in the logic rule (High = TRUE).

[34] Digital input DI19 Use the value of DI19 in the logic rule (High = TRUE).

[35] Digital input DI27 Use the value of DI27 in the logic rule (High = TRUE).

[36] Digital input DI29 Use the value of DI29 in the logic rule (High = TRUE).

[37] Digital input DI32 Use the value of DI32 in the logic rule (High = TRUE).

[38] Digital input DI33 Use the value of DI33 in the logic rule (High = TRUE).

[39] Start command This event is TRUE if the frequency converter is started by any means (either via digital input, field

bus or other).

[40] Drive stopped This event is TRUE if the frequency converter is stopped or coasted by any means (either via digital

input, fieldbus or other).

[41] Reset Trip This event is TRUE if the frequency converter is tripped (but not trip-locked) and the reset button

is pressed.
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[42] Auto Reset Trip This event is TRUE if the frequency converter is tripped (but not trip-locked) and an Automatic Reset

is issued.

[43] OK Key This event is TRUE if the OK key on the LCP is pressed.

[44] Reset Key This event is TRUE if the Reset key on the LCP is pressed.

[45] Left Key This event is TRUE if the Left key on the LCP is pressed.

[46] Right Key This event is TRUE if the Right key on the LCP is pressed.

[47] Up Key This event is TRUE if the Up key on the LCP is pressed.

[48] Down Key This event is TRUE if the Down key on the LCP is pressed.

[50] Comparator 4 Use the result of comparator 4 in the logic rule.

[51] Comparator 5 Use the result of comparator 5 in the logic rule.

[60] Logic rule 4 Use the result of logic rule 4 in the logic rule.

[61] Logic rule 5 Use the result of logic rule 5 in the logic rule.

13-02  Stop Event

Option: Function:
Select the boolean (TRUE or FALSE) input to deactivate Smart Logic Control.

[0] * False Enters the fixed value of FALSE in the logic rule.

[1] True Enters the fixed value TRUE in the logic rule.

[2] Running See parameter group 5-3* for further description.

[3] In range See parameter group 5-3* for further description.

[4] On reference See parameter group 5-3* for further description.

[5] Torque limit See parameter group 5-3* for further description.

[6] Current limit See parameter group 5-3* for further description.

[7] Out of current range See parameter group 5-3* for further description.

[8] Below I low See parameter group 5-3* for further description.

[9] Above I high See parameter group 5-3* for further description.

[10] Out of speed range

[11] Below speed low See parameter group 5-3* for further description.

[12] Above speed high See parameter group 5-3* for further description.

[13] Out of feedb. range See parameter group 5-3* for further description.

[14] Below feedb. low See parameter group 5-3* for further description.

[15] Above feedb. high See parameter group 5-3* for further description.

[16] Thermal warning See parameter group 5-3* for further description.

[17] Mains out of range See parameter group 5-3* for further description.

[18] Reversing See parameter group 5-3* for further description.

[19] Warning See parameter group 5-3* for further description.

[20] Alarm (trip) See parameter group 5-3* for further description.

[21] Alarm (trip lock) See parameter group 5-3* for further description.

[22] Comparator 0 Use the result of comparator 0 in the logic rule.
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[23] Comparator 1 Use the result of comparator 1 in the logic rule.

[24] Comparator 2 Use the result of comparator 2 in the logic rule.

[25] Comparator 3 Use the result of comparator 3 in the logic rule.

[26] Logic rule 0 Use the result of logic rule 0 in the logic rule.

[27] Logic rule 1 Use the result of logic rule 1 in the logic rule.

[28] Logic rule 2 Use the result of logic rule 2 in the logic rule.

[29] Logic rule 3 Use the result of logic rule 3 in the logic rule.

[30] SL Time-out 0 Use the result of timer 0 in the logic rule.

[31] SL Time-out 1 Use the result of timer 1 in the logic rule.

[32] SL Time-out 2 Use the result of timer 2 in the logic rule.

[33] Digital input DI18 Use the value of DI18 in the logic rule (High = TRUE).

[34] Digital input DI19 Use the value of DI19 in the logic rule (High = TRUE).

[35] Digital input DI27 Use the value of DI27 in the logic rule (High = TRUE).

[36] Digital input DI29 Use the value of DI29 in the logic rule (High = TRUE).

[37] Digital input DI32 Use the value of DI32 in the logic rule (High = TRUE).

[38] Digital input DI33 Use the value of DI33 in the logic rule (High = TRUE).

[39] Start command This event is TRUE if the frequency converter is started by any means (either via digital input,

fieldbus or other).

[40] Drive stopped This event is TRUE if the frequency converter is stopped or coasted by any means (either via digital

input, fieldbus or other).

[41] Reset Trip This event is TRUE if the frequency converter is tripped (but not trip-locked) and the reset button

is pressed.

[42] Auto Reset Trip This event is TRUE if the frequency converter is tripped (but not trip-locked) and an Automatic Reset

is issued.

[43] OK Key This event is TRUE if the OK key on the LCP is pressed.

[44] Reset Key This event is TRUE if the Reset key on the LCP is pressed.

[45] Left Key This event is TRUE if the Left key on the LCP is pressed.

[46] Right Key This event is TRUE if the Right key on the LCP is pressed.

[47] Up Key This event is TRUE if the Up key on the LCP is pressed.

[48] Down Key This event is TRUE if the Down key on the LCP is pressed.

[50] Comparator 4 Use the result of comparator 4 in the logic rule.

[51] Comparator 5 Use the result of comparator 5 in the logic rule.

[60] Logic rule 4 Use the result of logic rule 4 in the logic rule.

[61] Logic rule 5 Use the result of logic rule 5 in the logic rule.

[70] SL Time-out 3 Use the result of timer 3 in the logic rule.

[71] SL Time-out 4 Use the result of timer 4 in the logic rule.

[72] SL Time-out 5 Use the result of timer 5 in the logic rule.

[73] SL Time-out 6 Use the result of timer 6 in the logic rule.

[74] SL Time-out 7 Use the result of timer 7 in the logic rule.
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[80] No Flow

[81] Dry Pump

[82] End of Curve

[83] Broken Belt

13-03  Reset SLC

Option: Function:
[0] * Do not reset SLC Retains programmed settings in all group 13 parameters (13-*).

[1] Reset SLC Resets all group 13 parameters (13-*) to default settings.

 

2.12.3 13-1* Comparators

Comparators are used for comparing continuous variables (i.e. output frequency, output current, analog input etc.) to fixed preset values. In addition,

there are digital values that will be compared to fixed time values. See explanation in par.13-10 Comparator Operand. Comparators are evaluated once

in each scan interval. Use the result (TRUE or FALSE) directly. All parameters in this parameter group are array parameters with index 0 to 5. Select index

0 to programme Comparator 0, select index 1 to programme Comparator 1, and so on.

13-10  Comparator Operand
Array [4]

Option: Function:
Select the variable to be monitored by the comparator.

[0] * DISABLED

[1] Reference

[2] Feedback

[3] Motor speed

[4] Motor current

[5] Motor torque

[6] Motor power

[7] Motor voltage

[8] DC-link voltage

[9] Motor thermal

[10] Drive thermal

[11] Heat sink temp.

[12] Analog input AI53

[13] Analog input AI54

[14] Analog input AIFB10

[15] Analog input AIS24V

[17] Analog input AICCT

[18] Pulse input FI29

[19] Pulse input FI33

[20] Alarm number

[30] Counter A

[31] Counter B
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13-11  Comparator Operator
Array [6]

Option: Function:
[0] * < Select < [0] for the result of the evaluation to be TRUE, when the variable selected in par.

13-10 Comparator Operand is smaller than the fixed value in par.13-12 Comparator Value. The result

will be FALSE, if the variable selected in par.13-10 Comparator Operand is greater than the fixed

value in par.13-12 Comparator Value.

[1] ≈ (equal) Select ≈ [1] for the result of the evaluation to be TRUE, when the variable selected in par.

13-10 Comparator Operand is approximately equal to the fixed value in par.13-12 Comparator Val-

ue.

[2] > Select > [2] for the inverse logic of option < [0].

13-12  Comparator Value
Array [6]

Range: Function:
0 N/A*   [-100000.000 - 100000.000 N/A] Enter the ‘trigger level’ for the variable that is monitored by this comparator. This is an array pa-

rameter containing comparator values 0 to 5.

 

2.12.4 13-2* Timers

This parameter group consists of timer parameters.

Use the result (TRUE or FALSE) from timers directly to define an event (see par.13-51 SL Controller Event), or as boolean input in a logic rule (see par.

13-40 Logic Rule Boolean 1, par.13-42 Logic Rule Boolean 2 or par.13-44 Logic Rule Boolean 3). A timer is only FALSE when started by an action (i.e.

Start timer 1 [29]) until the timer value entered in this parameter is elapsed. Then it becomes TRUE again.

All parameters in this parameter group are array parameters with index 0 to 2. Select index 0 to program Timer 0, select index 1 to program Timer 1,

and so on.

13-20  SL Controller Timer
Array [3]

Range: Function:
0.000 N/A*   [0.000 - 0.000 N/A] Enter the value to define the duration of the FALSE output from the programmed timer. A timer is

only FALSE if it is started by an action (i.e. Start timer 1 [29]) and until the given timer value has

elapsed.

 

2.12.5 13-4* Logic Rules

Combine up to three boolean inputs (TRUE / FALSE inputs) from timers, comparators, digital inputs, status bits and events using the logical operators

AND, OR, and NOT. Select boolean inputs for the calculation in par.13-40 Logic Rule Boolean 1, par.13-42 Logic Rule Boolean 2 and par.13-44 Logic Rule

Boolean 3. Define the operators used to logically combine the selected inputs in par.13-41 Logic Rule Operator 1 and par.13-43 Logic Rule Operator 2.

Priority of calculation

The results of par.13-40 Logic Rule Boolean 1, par.13-41 Logic Rule Operator 1 and par.13-42 Logic Rule Boolean 2 are calculated first. The outcome

(TRUE / FALSE) of this calculation is combined with the settings of par.13-43 Logic Rule Operator 2 and par.13-44 Logic Rule Boolean 3, yielding the final

result (TRUE / FALSE) of the logic rule.
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13-40  Logic Rule Boolean 1
Array [6]

Option: Function:
[0] * False Enters the fixed value of FALSE in the logic rule.

[1] True Enters the fixed value TRUE in the logic rule.

[2] Running See parameter group 5-3* for further description.

[3] In range See parameter group 5-3* for further description.

[4] On reference See parameter group 5-3* for further description.

[5] Torque limit See parameter group 5-3* for further description.

[6] Current limit See parameter group 5-3* for further description.

[7] Out of current range See parameter group 5-3* for further description.

[8] Below I low See parameter group 5-3* for further description.

[9] Above I high See parameter group 5-3* for further description.

[10] Out of speed range

[11] Below speed low See parameter group 5-3* for further description.

[12] Above speed high See parameter group 5-3* for further description.

[13] Out of feedb. range See parameter group 5-3* for further description.

[14] Below feedb. low See parameter group 5-3* for further description.

[15] Above feedb. high See parameter group 5-3* for further description.

[16] Thermal warning See parameter group 5-3* for further description.

[17] Mains out of range See parameter group for further description.

[18] Reversing See parameter group 5-3* for further description.

[19] Warning See parameter group 5-3* for further description.

[20] Alarm (trip) See parameter group 5-3* for further description.

[21] Alarm (trip lock) See parameter group 5-3* for further description.

[22] Comparator 0 Use the result of comparator 0 in the logic rule.

[23] Comparator 1 Use the result of comparator 1 in the logic rule.

[24] Comparator 2 Use the result of comparator 2 in the logic rule.

[25] Comparator 3 Use the result of comparator 3 in the logic rule.

[26] Logic rule 0 Use the result of logic rule 0 in the logic rule.

[27] Logic rule 1 Use the result of logic rule 1 in the logic rule.

[28] Logic rule 2 Use the result of logic rule 2 in the logic rule.

[29] Logic rule 3 Use the result of logic rule 3 in the logic rule.

[30] SL Time-out 0 Use the result of timer 0 in the logic rule.

[31] SL Time-out 1 Use the result of timer 1 in the logic rule.

[32] SL Time-out 2 Use the result of timer 2 in the logic rule.

[33] Digital input DI18 Use the value of DI18 in the logic rule (High = TRUE).

[34] Digital input DI19 Use the value of DI19 in the logic rule (High = TRUE).

[35] Digital input DI27 Use the value of DI27 in the logic rule (High = TRUE).
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[36] Digital input DI29 Use the value of DI29 in the logic rule (High = TRUE).

[37] Digital input DI32 Use the value of DI32 in the logic rule (High = TRUE).

[38] Digital input DI33 Use the value of DI33 in the logic rule (High = TRUE).

[39] Start command This logic rule is TRUE if the frequency converter is started by any means (either via digital input,

field bus or other).

[40] Drive stopped This logic rule is TRUE if the frequency converter is stopped or coasted by any means (either via

digital input, fieldbus or other).

[41] Reset Trip This logic rule is TRUE if the frequency converter is tripped (but not trip-locked) and the reset button

is pressed.

[42] Auto Reset Trip This logic rule is TRUE if the frequency converter is tripped (but not trip-locked) and an Automatic

Reset is issued.

[43] OK Key This logic rule is TRUE if the OK key on the LCP is pressed.

[44] Reset Key This logic rule is TRUE if the Reset key on the LCP is pressed.

[45] Left Key This logic rule is TRUE if the Left key on the LCP is pressed.

[46] Right Key This logic rule is TRUE if the Right key on the LCP is pressed.

[47] Up Key This logic rule is TRUE if the Up key on the LCP is pressed.

[48] Down Key This logic rule is TRUE if the Down key on the LCP is pressed.

[50] Comparator 4 Use the result of comparator 4 in the logic rule.

[51] Comparator 5 Use the result of comparator 5 in the logic rule.

[60] Logic rule 4 Use the result of logic rule 4 in the logic rule.

[61] Logic rule 5 Use the result of logic rule 5 in the logic rule.

[70] SL Time-out 3 Use the result of timer 3 in the logic rule.

[71] SL Time-out 4 Use the result of timer 4 in the logic rule.

[72] SL Time-out 5 Use the result of timer 5 in the logic rule.

[73] SL Time-out 6 Use the result of timer 6 in the logic rule.

[74] SL Time-out 7 Use the result of timer 7 in the logic rule.

[80] No Flow

[81] Dry Pump

[82] End of Curve

[83] Broken Belt
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13-41  Logic Rule Operator 1
Array [6]

Option: Function:
Select the first logical operator to use on the Boolean inputs from par.13-40 Logic Rule Boolean 1

and par.13-42 Logic Rule Boolean 2.

[13 -XX] signifies the boolean input of par. 13-*.

[0] * DISABLED Ignores par.  , par.13-43 Logic Rule Operator 2, and par.13-44 Logic Rule Boolean 3.

[1] AND Evaluates the expression [13-40] AND [13-42].

[2] OR evaluates the expression [13-40] OR[13-42].

[3] AND NOT evaluates the expression [13-40] AND NOT [13-42].

[4] OR NOT evaluates the expression [13-40] OR NOT [13-42].

[5] NOT AND evaluates the expression NOT [13-40] AND [13-42].

[6] NOT OR evaluates the expression NOT [13-40] OR [13-42].

[7] NOT AND NOT evaluates the expression NOT [13-40] AND NOT [13-42].

[8] NOT OR NOT evaluates the expression NOT [13-40] OR NOT [13-42].

13-42  Logic Rule Boolean 2
Array [6]

Option: Function:
Select the second boolean (TRUE or FALSE) input for the selected logic rule.

See par.13-40 Logic Rule Boolean 1 for further descriptions of choices and their functions.

[0] * False

[1] True

[2] Running

[3] In range

[4] On reference

[5] Torque limit

[6] Current limit

[7] Out of current range

[8] Below I low

[9] Above I high

[10] Out of speed range

[11] Below speed low

[12] Above speed high

[13] Out of feedb. range

[14] Below feedb. low

[15] Above feedb. high

[16] Thermal warning

[17] Mains out of range

[18] Reversing

[19] Warning

[20] Alarm (trip)

[21] Alarm (trip lock)

[22] Comparator 0

[23] Comparator 1
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[24] Comparator 2

[25] Comparator 3

[26] Logic rule 0

[27] Logic rule 1

[28] Logic rule 2

[29] Logic rule 3

[30] SL Time-out 0

[31] SL Time-out 1

[32] SL Time-out 2

[33] Digital input DI18

[34] Digital input DI19

[35] Digital input DI27

[36] Digital input DI29

[37] Digital input DI32

[38] Digital input DI33

[39] Start command

[40] Drive stopped

[41] Reset Trip

[42] Auto Reset Trip

[43] OK Key

[44] Reset Key

[45] Left Key

[46] Right Key

[47] Up Key

[48] Down Key

[50] Comparator 4

[51] Comparator 5

[60] Logic rule 4

[61] Logic rule 5

[70] SL Time-out 3

[71] SL Time-out 4

[72] SL Time-out 5

[73] SL Time-out 6

[74] SL Time-out 7

[80] No Flow

[81] Dry Pump

[82] End of Curve

[83] Broken Belt
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13-43  Logic Rule Operator 2
Array [6]

Option: Function:
Select the second logical operator to be used on the boolean input calculated in par.13-40 Logic

Rule Boolean 1, par.13-41 Logic Rule Operator 1, and par.13-42 Logic Rule Boolean 2, and the

boolean input coming from par.13-42 Logic Rule Boolean 2.

[13-44] signifies the boolean input of par.13-44 Logic Rule Boolean 3.

[13-40/13-42] signifies the boolean input calculated in par.13-40 Logic Rule Boolean 1, par.

13-41 Logic Rule Operator 1, and par.13-42 Logic Rule Boolean 2. DISABLED [0] (factory setting).

select this option to ignore par.13-44 Logic Rule Boolean 3.

[0] * DISABLED

[1] AND

[2] OR

[3] AND NOT

[4] OR NOT

[5] NOT AND

[6] NOT OR

[7] NOT AND NOT

[8] NOT OR NOT

13-44  Logic Rule Boolean 3
Array [6]

Option: Function:
Select the third boolean (TRUE or FALSE) input for the selected logic rule.

See par.13-40 Logic Rule Boolean 1 for further descriptions of choices and their functions.

[0] * False

[1] True

[2] Running

[3] In range

[4] On reference

[5] Torque limit

[6] Current limit

[7] Out of current range

[8] Below I low

[9] Above I high

[10] Out of speed range

[11] Below speed low

[12] Above speed high

[13] Out of feedb. range

[14] Below feedb. low

[15] Above feedb. high

[16] Thermal warning

[17] Mains out of range

[18] Reversing

[19] Warning

[20] Alarm (trip)

[21] Alarm (trip lock)

[22] Comparator 0
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[23] Comparator 1

[24] Comparator 2

[25] Comparator 3

[26] Logic rule 0

[27] Logic rule 1

[28] Logic rule 2

[29] Logic rule 3

[30] SL Time-out 0

[31] SL Time-out 1

[32] SL Time-out 2

[33] Digital input DI18

[34] Digital input DI19

[35] Digital input DI27

[36] Digital input DI29

[37] Digital input DI32

[38] Digital input DI33

[39] Start command

[40] Drive stopped

[41] Reset Trip

[42] Auto Reset Trip

[43] OK Key

[44] Reset Key

[45] Left Key

[46] Right Key

[47] Up Key

[48] Down Key

[50] Comparator 4

[51] Comparator 5

[60] Logic rule 4

[61] Logic rule 5

[70] SL Time-out 3

[71] SL Time-out 4

[72] SL Time-out 5

[73] SL Time-out 6

[74] SL Time-out 7

[80] No Flow

[81] Dry Pump

[82] End of Curve

[83] Broken Belt
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2.12.6 13-5* States

Parameters for programming the Smart Logic Controller.

13-51  SL Controller Event
Array [20]

Option: Function:
Select the boolean input (TRUE or FALSE) to define the Smart Logic Controller event.

See par.13-02 Stop Event for further descriptions of choices and their functions.

[0] * False

[1] True

[2] Running

[3] In range

[4] On reference

[5] Torque limit

[6] Current limit

[7] Out of current range

[8] Below I low

[9] Above I high

[10] Out of speed range

[11] Below speed low

[12] Above speed high

[13] Out of feedb. range

[14] Below feedb. low

[15] Above feedb. high

[16] Thermal warning

[17] Mains out of range

[18] Reversing

[19] Warning

[20] Alarm (trip)

[21] Alarm (trip lock)

[22] Comparator 0

[23] Comparator 1

[24] Comparator 2

[25] Comparator 3

[26] Logic rule 0

[27] Logic rule 1

[28] Logic rule 2

[29] Logic rule 3

[30] SL Time-out 0

[31] SL Time-out 1

[32] SL Time-out 2

[33] Digital input DI18

[34] Digital input DI19

[35] Digital input DI27

[36] Digital input DI29

[37] Digital input DI32

[38] Digital input DI33
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[39] Start command

[40] Drive stopped

[41] Reset Trip

[42] Auto Reset Trip

[43] OK Key

[44] Reset Key

[45] Left Key

[46] Right Key

[47] Up Key

[48] Down Key

[50] Comparator 4

[51] Comparator 5

[60] Logic rule 4

[61] Logic rule 5

[70] SL Time-out 3

[71] SL Time-out 4

[72] SL Time-out 5

[73] SL Time-out 6

[74] SL Time-out 7

[80] No Flow

[81] Dry Pump

[82] End of Curve

[83] Broken Belt

13-52  SL Controller Action
Array [20]

Option: Function:
Select the action corresponding to the SLC event. Actions are executed when the corresponding

event (defined in par.13-51 SL Controller Event) is evaluated as true. The following actions are

available for selection:

[0] * Disabled

[1] No action

[2] Select set-up 1 Changes the active set-up (par.0-10 Active Set-up) to ‘1’.

[3] Select set-up 2 Changes the active set-up (par.0-10 Active Set-up) to ‘2’.

[4] Select set-up 3 Changes the active set-up (par.0-10 Active Set-up) to ‘3’.

[5] Select set-up 4 Changes the active set-up (par.0-10 Active Set-up) to ‘4’. If the set-up is changed, it will merge with

other set-up commands coming from either the digital inputs or via a fieldbus.

[10] Select preset ref 0 Selects preset reference 0.

[11] Select preset ref 1 Selects preset reference 1.

[12] Select preset ref 2 Selects preset reference 2.

[13] Select preset ref 3 Selects preset reference 3.

[14] Select preset ref 4 Selects preset reference 4.

[15] Select preset ref 5 Selects preset reference 5.

[16] Select preset ref 6 Selects preset reference 6.
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[17] Select preset ref 7 Selects preset reference 7. If the active preset reference is changed, it will merge with other preset

reference commands coming from either the digital inputs or via a fieldbus.

[18] Select ramp 1 Selects ramp 1

[19] Select ramp 2 Selects ramp 2

[22] Run Issues a start command to the frequency converter.

[23] Run reverse Issues a start reverse command to the frequency converter.

[24] Stop Issues a stop command to the frequency converter.

[26] DC Brake Issues a DC stop command to the frequency converter.

[27] Coast The frequency converter coasts immediately. All stop commands including the coast command stop

the SLC.

[28] Freeze output Freezes the output frequency of the frequency converter.

[29] Start timer 0 Starts timer 0, see par.13-20 SL Controller Timer for further description.

[30] Start timer 1 Starts timer 1, see par.13-20 SL Controller Timer for further description.

[31] Start timer 2 Starts timer 2, see par.13-20 SL Controller Timer for further description.

[32] Set digital out A low Any output with ‘digital output 1’ selected is low (off).

[33] Set digital out B low Any output with ‘digital output 2’ selected is low (off).

[34] Set digital out C low Any output with ‘digital output 3’ selected is low (off).

[35] Set digital out D low Any output with ‘digital output 4’ selected is low (off).

[36] Set digital out E low Any output with ‘digital output 5’ selected is low (off).

[37] Set digital out F low Any output with ‘digital output 6’ selected is low (off).

[38] Set digital out A high Any output with ‘digital output 1’ selected is high (closed).

[39] Set digital out B high Any output with ‘digital output 2’ selected is high (closed).

[40] Set digital out C high Any output with ‘digital output 3’ selected is high (closed).

[41] Set digital out D high Any output with ‘digital output 4’ selected is high (closed).

[42] Set digital out E high Any output with ‘digital output 5’ selected is high (closed).

[43] Set digital out F high Any output with ‘digital output 6’ selected is high (closed).

[60] Reset Counter A Resets Counter A to zero.

[61] Reset Counter B Resets Counter A to zero.

[70] Start Timer 3 Starts timer 3, see par.13-20 SL Controller Timer for further description.

[71] Start Timer 4 Starts timer 4, see par.13-20 SL Controller Timer for further description.

[72] Start Timer 5 Starts timer 5, see par.13-20 SL Controller Timer for further description.

[73] Start Timer 6 Starts timer 6, see par.13-20 SL Controller Timer for further description.

[74] Start Timer 7 Starts timer 7, see par.13-20 SL Controller Timer for further description.

[80] Sleep Mode
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2.13 Main Menu - Special Functions -Group 14

2.13.1 14-** Special Functions

Parameter group for configuring special frequency converter functions.

 

2.13.2 Inverter Switching 14-0*

Parameters for configuring the inverter switching.

14-00  Switching Pattern

Option: Function:
Select the switching pattern: 60° AVM or SFAVM.

[0] * 60 AVM

[1] SFAVM

14-01  Switching Frequency

Option: Function:
Select the inverter switching frequency. Changing the switching frequency can help to reduce

acoustic noise from the motor.

NB!

The output frequency value of the frequency converter must never exceed 1/10

of the switching frequency. When the motor is running, adjust the switching fre-

quency in par.14-01 Switching Frequency until the motor is as noiseless as

possible. See also par.14-00 Switching Pattern and the section Derating.

[0] 1.0 kHz

[1] 1.5 kHz

[2] 2.0 kHz

[3] 2.5 kHz

[4] 3.0 kHz

[5] 3.5 kHz

[6] 4.0 kHz

[7] * 5.0 kHz

[8] 6.0 kHz

[9] 7.0 kHz

[10] 8.0 kHz

[11] 10.0 kHz

[12] 12.0 kHz

[13] 14.0 kHz

[14] 16.0 kHz

14-03  Overmodulation

Option: Function:
[0] Off Selects no over-modulation of the output voltage in order to avoid torque ripple on the motor shaft.

[1] * On The over-modulation function generates an extra voltage of up-to 8% of Umax output voltage without

over-modulation, which results in an extra torque of 10-12% in the middle of the over-syncronous

range (from 0% at nominal speed rising to approximately 12% at double nominal speed).
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14-04  PWM Random

Option: Function:
[0] * Off No change of the acoustic motor switching noise.

[1] On Transforms the acoustic motor switching noise from a clear ringing tone to a less noticeable ‘white’

noise. This is achieved by slightly and randomly altering the synchronism of the pulse width modu-

lated output phases.

 

2.13.3 14-1* Mains On/Off

Parameters for configuring mains failure monitoring and handling.

14-10  Mains Failure

Option: Function:
Select the function at which the frequency converter must act, when the threshold set in par.

14-11 Mains Voltage at Mains Fault has been reached or a Mains Failure Inverse command is acti-

vated via one of the digital inputs (par. 5-1*).

[0] * No function The energy left in the capacitor bank will be used to "drive" the motor, but will be discharged.

[1] Ctrl. ramp-down The frequency converter will perform a controlled ramp-down. par.2-10 Brake Function must be set

to Off [0].

[3] Coasting The inverter will turn off and the capacitor bank will back up the control card then ensuring a faster

restart when mains reconnected (at short power zags).

[4] Kinetic back-up The frequency converter will ride through by controlling speed for generative operation of the motor

utilizing the moment of inertia of the system as long as sufficient energy is present.

NB!

For best performance of controlled ramp-down and kinetic back-up par. 1-03 Torque Characteristics should be set to Compressor [0]

or Variable Torque [1] (no automatic energy optimization should be active).

Illustration 2.2: Controlled Ramp-down - short mains failure. Ramping down to stop followed by ramping up to reference.
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Illustration 2.3: Controlled Ramp-down, longer mains failure. Ramping down as long as the energy in the system allows for it, then the motor

is coasted.

Illustration 2.4: Kinetic Back-up, short mains failure. Ride through as long as the energy in the system allows for it.

Illustration 2.5: Kinetic Back-up, longer mains failure. The motor is coasted as soon as the energy in the system is too low.

14-11  Mains Voltage at Mains Fault

Range: Function:
342. V*   [180 - 600 V] This parameter defines the threshold voltage at which the selected function in par.14-10 Mains

Failure should be activated.
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14-12  Function at Mains Imbalance

Option: Function:
Operation under severe main imbalance conditions reduces the lifetime of the motor. Conditions are

considered severe if the motor is operated continuously near nominal load (e.g. a pump or fan

running near full speed).

When a severe mains imbalance is detected:

[0] * Trip Select Trip [0] to trip the frequency converter.

[1] Warning Select Warning [1] to issue a warning.

[2] Disabled Select Disabled [2] for no action.

[3] Derate Select Derate [3] for derating the frequency converter.

 

2.13.4 14-2* Trip Reset

Parameters for configuring auto reset handling, special trip handling and control card self test or initialisation.

14-20  Reset Mode

Option: Function:
[0] Manual reset

[1] Automatic reset x 1

[2] Automatic reset x 2

[3] Automatic reset x 3

[4] Automatic reset x 4

[5] Automatic reset x 5

[6] Automatic reset x 6

[7] Automatic reset x 7

[8] Automatic reset x 8

[9] Automatic reset x 9

[10] * Automatic reset x 10

[11] Automatic reset x 15

[12] Automatic reset x 20

[13] Infinite Automatic Reset Select the reset function after tripping. Once reset, the frequency converter can be restarted.

Select Manual reset [0], to perform a reset via [RESET] or via the digital inputs.

Select Automatic reset x 1…x20 [1]-[12] to perform between one and twenty automatic resets after

tripping.

Select Infinite Automatic Reset [13] for continuous resetting after tripping.

NB!

The motor may start without warning. If the specified number of AUTOMATIC

RESETs is reached within 10 minutes, the frequency converter enters Manual

reset [0] mode. After the Manual reset is performed, the setting of par. 14-20

reverts to the original selection. If the number of automatic resets is not reached

within 10 minutes, or when a Manual reset is performed, the internal AUTOMATIC

RESET counter returns to zero.

14-21  Automatic Restart Time

Range: Function:
10 s*   [0 - 600 s] Enter the time interval from trip to start of the automatic reset function. This parameter is active

when par. 14-20 Reset Mode is set to Automatic reset [1] - [13].
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14-22  Operation Mode

Option: Function:
Use this parameter to specify normal operation, to perform tests or to initialise all parameters except

par.15-03 Power Up's, par.15-04 Over Temp's and par.15-05 Over Volt's. This function is active only

when the power is cycled (power off-power on) to the frequency converter.

[0] * Normal operation Select Normal operation [0] for normal operation of the frequency converter with the motor in the

selected application.

[1] Control card test Select Control card test [1] to test the analog and digital inputs and outputs and the +10 V control

voltage. The test requires a test connector with internal connections.

Use the following procedure for the control card test:

1. Select Control card test [1].

2. Disconnect the mains supply and wait for the light in the display to go out.

3. Set switches S201 (A53) and S202 (A54) = ‘ON’ / I.

4. Insert the test plug (see below).

5. Connect to mains supply.

6. Carry out various tests.

7. The results are displayed on the LCP and the frequency converter moves into an infinite

loop.

8. par.14-22 Operation Mode is automatically set to Normal operation. Carry out a power

cycle to start up in Normal operation after a control card test.

If the test is OK:

LCP read-out: Control Card OK.

Disconnect the mains supply and remove the test plug. The green LED on the control card will light

up.

If the test fails:

LCP read-out: Control Card I/O failure.

Replace the frequency converter or control card. The red LED on the control card is turned on. To

test the plugs, connect/group the following terminals as shown below: (18 - 27 - 32), (19 - 29 - 33)

and (42 - 53 - 54).

[2] Initialisation Select Initialization [2] to reset all parameter values to default settings, except for par.15-03 Power

Up's, par.15-04 Over Temp's and par.15-05 Over Volt's. The frequency converter will reset during

the next power-up.

par.14-22 Operation Mode will also revert to the default setting Normal operation [0].

[3] Boot mode
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14-25  Trip Delay at Torque Limit

Range: Function:
60 s*   [0 - 60 s] Enter the torque limit trip delay in seconds. When the output torque reaches the torque limits (par.

4-16 Torque Limit Motor Mode and par.4-17 Torque Limit Generator Mode), a warning is triggered.

When the torque limit warning has been continuously present for the period specified in this pa-

rameter, the frequency converter trips. Disable the trip delay by setting the parameter to 60 s =

OFF. Thermal frequency converter monitoring will still remain active.

14-26  Trip Delay at Inverter Fault

Range: Function:
0. s*   [0 - 35 s] When the frequency converter detects an over-voltage in the set time trip will be effected after the

set time.

14-29  Service Code

Range: Function:
0 N/A*   [-2147483647 - 2147483647 N/A] Service use only.

 

2.13.5 Current Limit Control, 14-3*

The frequency converter features an integral Current Limit Controller which is activated when the motor current, and thus the torque, is higher than the

torque limits set in par. 4-16 and 4-17.

When the current limit is reached during motor operation or regenerative operation, the frequency converter will try to reduce torque below the preset

torque limits as quickly as possible without losing control of the motor.

While the current control is active, the frequency converter can only be stopped by setting a digital input to Coast inverse [2] or Coast and reset inv. [3].

Any signal on terminals 18 to 33 will not be active until the frequency converter is no longer near the current limit.

By using a digital input set to Coast inverse [2] or Coast and reset inv. [3], the motor does not use the ramp-down time, since the frequency converter

is coasted.

14-30  Current Lim Ctrl, Proportional Gain

Range: Function:
100 %*   [0 - 500 %] Enter the proportional gain value for the current limit controller. Selection of a high value makes

the controller react faster. Too high a setting leads to controller instability.

14-31  Current Lim Ctrl, Integration Time

Range: Function:
0.020 s*   [0.002 - 2.000 s] Controls the current limit control integration time. Setting it to a lower value makes it react faster.

A setting too low leads to control instability.

14-32  Current Lim Ctrl, Filter Time

Range: Function:
26.0 ms*   [1.0 - 100.0 ms]

 

2.13.6 Energy Optimising, 14-4*

Parameters for adjusting the energy optimisation level in both Variable Torque (VT) and Automatic Energy Optimization (AEO) mode.

Automatic Energy Optimisation is only active if par.1-03, Torque Characteristics, is set for either Auto Energy Optim. CT [2] or Auto Energy Optim. VT

[3].
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14-40  VT Level

Range: Function:
66 %*   [40 - 90 %] Enter the level of motor magnetisation at low speed. Selection of a low value reduces energy loss

in the motor, but also reduces load capability.

This parameter cannot be adjusted while the motor is running.

14-41  AEO Minimum Magnetisation

Range: Function:
40. %*   [40 - 75 %] Enter the minimum allowable magnetisation for AEO. Selection of a low value reduces energy loss

in the motor, but can also reduce resistance to sudden load changes.

14-42  Minimum AEO Frequency

Range: Function:
10 Hz*   [5 - 40 Hz] Enter the minimum frequency at which the Automatic Energy Optimisation (AEO) is to be active.

14-43  Motor Cosphi

Range: Function:
0.66*   [0.40 - 0.95] The Cos(phi) setpoint is automatically set for optimum AEO performance during AMA. This param-

eter should normally not be altered. However in some situations it may be necessary to enter a new

value to fine-tune.

 

2.13.7 14-5* Environment

These parameters help the frequency converter to operate under special environmental conditions.

14-50  RFI 1

Option: Function:
[0] Off

[1] * On Select On [1] to ensure the frequency converter complies with EMC standards.

Select Off [0] only when the frequency converter is supplied from an isolated mains source, i.e. IT

mains. In this mode, the internal RFI capacities (filter capacitors) between chassis and the Mains

RFI Filter circuit are cut off to avoid damage to the intermediate circuit and to reduce the earth

capacity currents (according to IEC 61800-3).

14-52  Fan Control

Option: Function:
Select the minimum speed of the main fan.

[0] * Auto Select Auto [0] to run the fan only when the internal temperature of the frequency converter is in

the range +35°C to approximately +55°C. The fan will run at low speed at +35°C and at full speed

at approximately +55°C.

[1] On 50%

[2] On 75%

[3] On 100%

14-53  Fan Monitor

Option: Function:
Select which reaction the frequency converter should take in case a fan fault is detected.

[0] Disabled

[1] * Warning

[2] Trip
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14-53  Fan Monitor

Option: Function:
Select which reaction the frequency converter should take in case a fan fault is detected.

[0] Disabled

[1] * Warning

[2] Trip

 

2.13.8 14-6* Auto Derate

This group contains parameters for derating the frequency converter in case of high temperature.

14-60  Function at Overtemperature

Option: Function:
[0] Trip

[1] * Derate If either heatsink or control card temperature exceeds a programmed temperature limit, a warning

will be activated. If the temperature increases further, select whether the frequency converter

should trip (trip locked) or derate the output current.

Trip [0]: The frequency converter will trip (trip locked) and generate an alarm. Power must be cycled

to reset the alarm, but will not allow restart of the motor until the heat sink temperature has dropped

below the alarm limit.

Derate [1]: If the critical temperature is exceeded the output current will be reduced until the al-

lowable temperature has been reached.

 

2.13.9 No Trip at Inverter Overload

In some pump systems, the frequency converter has not been sized properly to yield the current needed in all points of the operational flow-head

characteristic. At these points, the pump will need a current higher than the rated current of the frequency converter. The frequency converter can yield

110% of the rated current continuously for 60 sec. If still overloaded, the frequency converter will normally trip (causing the pump to stop by coasting)

and provide an alarm.
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It may be preferable to run the pump at reduced speed for a while in case it is not possible to run continuously with demanded capacity.

Select Function at Inverter Overload, par. 14-61 Function at Inverter Overload to automatically reduce pump speed until the output current is below

100% of the rated current (set in par.14-62 Inv. Overload Derate Current).

The Function at Inverter Overload is an alternative to letting the frequency converter trip.

The frequency converter estimates the load on the power section by means of an inverter load counter, which will cause a warning at 98% and a reset

of the warning at 90%. At the value 100%, the frequency converter trips and provides an alarm.

Status for the counter can be read in par.16-35 Inverter Thermal.

If par. 14-61 Function at Inverter Overload is set to Derate, the pump speed will be reduced when the counter exceeds 98, and stay reduced until the

counter has dropped below 90.7.

If par.14-62 Inv. Overload Derate Current is set e.g. to 95% a steady overload will cause the pump speed to fluctuate between values corresponding to

110% and 95% of rated output current for the frequency converter.

14-61  Function at Inverter Overload

Option: Function:
[0] Trip

[1] * Derate Is used in case of steady overload beyond the thermal limits (110% for 60 sec.).

Choose Trip [0] to make the frequency converter trip and provide an alarm or Derate [1] to reduce

pump speed in order to decrease the load on the power section and allowing this to cool down.

14-62  Inv. Overload Derate Current

Range: Function:
95 %*   [50 - 100 %] Defines the desired current level (in % of rated output current for the frequency converter) when

running with reduced pump speed after load on the frequency converter has exceeded the allowable

limit (110% for 60 sec.).
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2.14 Main Menu - Frequency Converter Information - Group 15

2.14.1 15-** Drive Information

Parameter group containing frequency converter information such as operating data, hardware configuration and software versions.

 

2.14.2 15-0* Operating Data

Parameter group containing operating data e.g. Operating Hours, kWh counters, Power Ups, etc.

15-00  Operating Hours

Range: Function:
0 h*   [0 - 2147483647 h] View how many hours the frequency converter has run. The value is saved when the frequency

converter is turned off.

15-01  Running Hours

Range: Function:
0 h*   [0 - 2147483647 h] View how many hours the motor has run. Reset the counter in par.15-07 Reset Running Hours

Counter. The value is saved when the frequency converter is turned off.

15-02  kWh Counter

Range: Function:
0 kWh*   [0 - 2147483647 kWh] Registering the power consumption of the motor as a mean value over one hour. Reset the counter

in par.15-06 Reset kWh Counter.

15-03  Power Up's

Range: Function:
0 N/A*   [0 - 2147483647 N/A] View the number of times the frequency converter has been powered up.

15-04  Over Temp's

Range: Function:
0 N/A*   [0 - 65535 N/A] View the number of frequency converter temperature faults which have occurred.

15-05  Over Volt's

Range: Function:
0 N/A*   [0 - 65535 N/A] View the number of frequency converter overvoltages which have occurred.

15-06  Reset kWh Counter

Option: Function:
[0] * Do not reset Select Do not reset [0] if no reset of the kWh counter is desired.

[1] Reset counter Select Reset [1] and press [OK] to reset the kWh counter to zero (see par.15-02 kWh Counter).

NB!

The reset is carried out by pressing [OK].
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15-07  Reset Running Hours Counter

Option: Function:
[0] * Do not reset Select Do not reset [0] if no reset of the Running Hours counter is desired.

[1] Reset counter Select Reset counter [1] and press [OK] to reset the Running Hours counter (par.15-01 Running

Hours) and par.15-08 Number of Starts to zero (see also par.15-01 Running Hours).

15-08  Number of Starts

Range: Function:
0 N/A*   [0 - 2147483647 N/A] This is a read out parameter only. The counter shows the numbers of starts and stops caused by a

normal Start/Stop command and/or when entering/leaving sleep mode.

NB!

This parameter will be reset when resetting par.15-07 Reset Running Hours Counter.

 

2.14.3 15-1* Data Log Settings

The Data Log enables continuous logging of up to 4 data sources (par. 15-10 Logging Source) at individual rates (par.15-11 Logging Interval). A trigger

event (par.15-12 Trigger Event) and window (par.15-14 Samples Before Trigger) are used to start and stop the logging conditionally.

15-10  Logging Source

Array [4]

Select which variables are to be logged.

None

[1600] Control Word

[1601] Reference [Unit]

[1602] Reference %

[1603] Status Word

[1610] Power [kW]

[1611] Power [hp]

[1612] Motor Voltage

[1613] Frequency

[1614] Motor Current

[1616] Torque [Nm]

[1617] Speed [RPM]

[1618] Thermal Motor Load

[1622] Torque [%]

[1630] DC Link Voltage

[1632] Brake Energy / s

[1633] Brake Energy / 2 min

[1634] Heatsink Temp.

[1635] Thermal Drive Load

[1650] External Reference

[1652] Feedback [Unit]

[1654] Feedback 1 [Unit]

[1655] Feedback 2 [Unit]
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[1656] Feedback 3 [Unit]

[1659] Adjusted Setpoint

[1660] Digital Input

[1662] Analog Input 53

[1664] Analog Input 54

[1665] Analog Output 42 [mA]

[1666] Digital Output [bin]

[1675] Analog In X30/11

[1676] Analog In X30/12

[1677] Analog Out X30/8 [mA]

[1690] Alarm Word

[1691] Alarm Word 2

[1692] Warning Word

[1693] Warning Word 2

[1694] Ext. Status Word

[1695] Ext. Status Word 2

[1820] Analog Input X42/1

[1821] Analog Input X42/3

[1822] Analog Input X42/5

[1823] Analog Out X42/7 [mA]

[1824] Analog Out X42/9 [mA]

[1825] Analog Out X42/11 [mA]

15-11  Logging Interval

Range: Function:
0.000 N/A*   [0.000 - 0.000 N/A] Enter the interval in milliseconds between each sampling of the variables to be logged.

15-12  Trigger Event

Option: Function:
Selects the trigger event. When the trigger event occurs, a window is applied to freeze the log. The

log will then retain a specified percentage of samples before the occurrence of the trigger event

(par.15-14 Samples Before Trigger).

[0] * False

[1] True

[2] Running

[3] In range

[4] On reference

[5] Torque limit

[6] Current limit

[7] Out of current range

[8] Below I low

[9] Above I high

[10] Out of speed range

[11] Below speed low

[12] Above speed high

[13] Out of feedb. range

[14] Below feedb. low

[15] Above feedb. high
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[16] Thermal warning

[17] Mains out of range

[18] Reversing

[19] Warning

[20] Alarm (trip)

[21] Alarm (trip lock)

[22] Comparator 0

[23] Comparator 1

[24] Comparator 2

[25] Comparator 3

[26] Logic rule 0

[27] Logic rule 1

[28] Logic rule 2

[29] Logic rule 3

[33] Digital input DI18

[34] Digital input DI19

[35] Digital input DI27

[36] Digital input DI29

[37] Digital input DI32

[38] Digital input DI33

[50] Comparator 4

[51] Comparator 5

[60] Logic rule 4

[61] Logic rule 5

15-13  Logging Mode

Option: Function:
[0] * Log always Select Log always [0] for continuous logging.

[1] Log once on trigger Select Log once on trigger [1] to conditionally start and stop logging using par.15-12 Trigger

Event and par.15-14 Samples Before Trigger.

15-14  Samples Before Trigger

Range: Function:
50 N/A*   [0 - 100 N/A] Enter the percentage of all samples prior to a trigger event which are to be retained in the log. See

also par.15-12 Trigger Event and par.15-13 Logging Mode.

 

2.14.4 15-2* Historic Log 

View up to 50 logged data items via the array parameters in this parameter group. For all parameters in the group, [0] is the most recent data and [49]

the oldest data. Data is logged every time an event occurs (not to be confused with SLC events). Events in this context are defined as a change in one

of the following areas:

1. Digital input

2. Digital outputs (not monitored in this SW release)

3. Warning word

4. Alarm word

5. Status word

6. Control word

7. Extended status word
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Events are logged with value, and time stamp in msec. The time interval between two events depends on how often events occur (maximum once every

scan time). Data logging is continuous but if an alarm occurs, the log is saved and the values can be viewed on the display. This feature is useful, for

example when carrying out service following a trip. View the historic log contained in this parameter via the serial communication port or via the display.

15-20  Historic Log: Event
Array [50]

Range: Function:
0 N/A*   [0 - 255 N/A] View the event type of the logged events.

15-21  Historic Log: Value
Array [50]

Range: Function:
0 N/A*   [0 - 2147483647 N/A] View the value of the logged event. Interpret the event values according to this table:

Digtal input Decimal value. See par. 16-60 Digital Input for description
after converting to binary value.

Digital output (not monitored in
this SW release)

Decimal value. See par. 16-66 Digital Output [bin] for de-
scription after converting to binary value.

Warning word Decimal value. See par. 16-92 Warning Word for descrip-
tion.

Alarm word Decimal value. See par. 16-90 Alarm Word for description.
Status word Decimal value. See par.16-03 Status Word for description

after converting to binary value.
Control word Decimal value. See par.16-00 Control Word for description.
Extended status word Decimal value. See par. 16-94 Ext. Status Word for de-

scription.

15-22  Historic Log: Time
Array [50]

Range: Function:
0 ms*   [0 - 2147483647 ms] View the time at which the logged event occurred. Time is measured in ms since frequency converter

start. The max. value corresponds to approx. 24 days which means that the count will restart at

zero after this time period.

 

2.14.5 15-3* Alarm Log

Parameters in this group are array parameters, where up to 10 fault logs can be viewed. [0] is the most recent logged data, and [9] the oldest. Error

codes, values, and time stamp can be viewed for all logged data.

15-30  Alarm Log: Error Code
Array [10]

Range: Function:
0 N/A*   [0 - 255 N/A] View the error code and look up its meaning in the Troubleshooting chapter.

15-31  Alarm Log: Value
Array [10]

Range: Function:
0 N/A*   [-32767 - 32767 N/A] View an extra description of the error. This parameter is mostly used in combination with alarm 38

‘internal fault’.

15-32  Alarm Log: Time
Array [10]

Range: Function:
0 s*   [0 - 2147483647 s] View the time when the logged event occurred. Time is measured in seconds from frequency con-

verter start-up.
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2.14.6 15-4* Drive Identification

Parameters containing read only information about the hardware and software configuration of the frequency converter.

15-40  FC Type

Option: Function:
View the FC type. The read-out is identical to theVLT AQUA Drive Series power field of the type

code definition, characters 1-6.

15-41  Power Section

Option: Function:
View the FC type. The read-out is identical to the VLT AQUA Drive Series power field of the type

code definition, characters 7-10.

15-42  Voltage

Option: Function:
View the FC type. The read-out is identical to the VLT AQUA Drive Series power field of the type

code definition, characters 11-12.

15-43  Software Version

Range: Function:
0 N/A*   [0 - 0 N/A] View the combined SW version (or ‘package version’) consisting of power SW and control SW.

15-44  Ordered Typecode String

Range: Function:
0 N/A*   [0 - 0 N/A] View the type code string used for re-ordering the frequency converter in its original configuration.

15-45  Actual Typecode String

Range: Function:
0 N/A*   [0 - 0 N/A] View the actual type code string.

15-46  Frequency Converter Ordering No

Range: Function:
0 N/A*   [0 - 0 N/A] View the 8-digit ordering number used for re-ordering the frequency converter in its original con-

figuration.

15-47  Power Card Ordering No

Range: Function:
0 N/A*   [0 - 0 N/A] View the power card ordering number.

15-48  LCP Id No

Range: Function:
0 N/A*   [0 - 0 N/A] View the LCP ID number.

15-49  SW ID Control Card

Range: Function:
0 N/A*   [0 - 0 N/A] View the control card software version number.

15-50  SW ID Power Card

Range: Function:
0 N/A*   [0 - 0 N/A] View the power card software version number.
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15-51  Frequency Converter Serial Number

Range: Function:
0 N/A*   [0 - 0 N/A] View the frequency converter serial number.

15-53  Power Card Serial Number

Range: Function:
0 N/A*   [0 - 0 N/A] View the power card serial number.

 

2.14.7 15-6* Option Ident. 

This read-only parameter group contains information about the hardware and software configuration of the options installed in slots A, B C0 and C1.

15-60  Option Mounted

Range: Function:
0 N/A*   [0 - 0 N/A] View the installed option type.

15-61  Option SW Version

Range: Function:
0 N/A*   [0 - 0 N/A] View the installed option software version.

15-62  Option Ordering No

Range: Function:
0 N/A*   [0 - 0 N/A] Shows the ordering number for the installed options.

15-63  Option Serial No

Range: Function:
0 N/A*   [0 - 0 N/A] View the installed option serial number.

 

2.14.8 15-9* Parameter Info

Parameter lists

15-92  Defined Parameters
Array [1000]

Range: Function:
0 N/A*   [0 - 9999 N/A] View a list of all defined parameters in the frequency converter. The list ends with 0.

15-93  Modified Parameters
Array [1000]

Range: Function:
0 N/A*   [0 - 9999 N/A] View a list of the parameters that have been changed from their default setting. The list ends with

0. Changes may not be visible until up to 30 seconds after implementation.

15-99  Parameter Metadata
Array [23]

Range: Function:
0 N/A*   [0 - 9999 N/A] This parameter contains data used by the MCT10 software tool.
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2.15 Main Menu - Data Readouts - Group 16

2.15.1 16-** Data Readouts

Parameter group for data read-outs, e.g. actual references, voltages, control, alarm, warning and status words.

 

2.15.2 16-0* General Status

Parameters for reading the general status, e.g. the calculated reference, the active control word, status.

16-00  Control Word

Range: Function:
0 N/A*   [0 - 65535 N/A] View the Control word sent from the frequency converter via the serial communication port in hex

code.

16-01  Reference [Unit]

Range: Function:
0.000 Ref-

erenceFeed-

backUnit*

  [-999999.000 - 999999.000 Refer-

enceFeedbackUnit]

View the present reference value applied on impulse or analog basis in the unit resulting from the

configuration selected in par.1-00 Configuration Mode (Hz, Nm or RPM).

16-02  Reference [%]

Range: Function:
0.0 %*   [-200.0 - 200.0 %] View the total reference. The total reference is the sum of digital, analog, preset, bus, and freeze

references, plus catch-up and slow-down.

16-03  Status Word

Range: Function:
0 N/A*   [0 - 65535 N/A] View the Status word sent from the frequency converter via the serial communication port in hex

code.

16-05  Main Actual Value [%]

Range: Function:
0.00%*   [-100.00% - 100.00%] View the two-byte word sent with the Status word to the bus Master reporting the Main Actual Value.

Please refer to the Profibus Operating Instructions MG.33.CX.YY for a detailed description.

16-09  Custom Readout

Range: Function:
0.00 Cus-

tomReadou-

tUnit*

  [-999999.99 - 999999.99 Custom-

ReadoutUnit]

View the user-defined readouts as defined in par.0-30 Custom Readout Unit, par.0-31 Custom

Readout Min Value and par.0-32 Custom Readout Max Value.

 

2.15.3 16-1* Motor Status

Parameters for reading the motor status values.

16-10  Power [kW]

Range: Function:
0.00 kW*   [0.00 - 10000.00 kW] View the motor power in kW. The value shown is calculated on the basis of the actual motor voltage

and motor current. The value is filtered, and therefore approx. 30 ms may pass from when an input

value changes to when the data read-out values change.
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16-11  Power [hp]

Range: Function:
0.00 hp*   [0.00 - 10000.00 hp] View the motor power in HP. The value shown is calculated on the basis of the actual motor voltage

and motor current. The value is filtered, and therefore approximately 30 ms may pass from when

an input value changes to when the data read-out values change.

16-12  Motor Voltage

Range: Function:
0.0 V*   [0.0 - 6000.0 V] View the motor voltage, a calculated value used for controlling the motor.

16-13  Frequency

Range: Function:
0.0 Hz*   [0.0 - 6500.0 Hz] View the motor frequency, without resonance dampening.

16-14  Motor Current

Range: Function:
0.00 A*   [0.00 - 10000.00 A] View the motor current measured as a mean value, IRMS. The value is filtered, and thus approxi-

mately 30 ms may pass from when an input value changes to when the data read-out values change.

16-15  Frequency [%]

Range: Function:
0.00 %*   [-100.00 - 100.00 %] View a two-byte word reporting the actual motor frequency (without resonance dampening) as a

percentage (scale 0000-4000 Hex) of par.4-19 Max Output Frequency. Set par.9-16 PCD Read Con-

figuration index 1 to send it with the Status Word instead of the MAV.

16-16  Torque [Nm]

Range: Function:
0.0 Nm*   [-30000.0 - 30000.0 Nm] View the torque value with sign, applied to the motor shaft. Linearity is not exact between 110%

motor current and torque in relation to the rated torque. Some motors supply more than 160%

torque. Consequently, the min. value and the max. value will depend on the max. motor current as

well as the motor used. The value is filtered, and thus approx. 1.3 seconds may pass from when an

input changes value to when the data read-out values change.

16-17  Speed [RPM]

Range: Function:
0 RPM*   [-30000 - 30000 RPM] View the actual motor RPM.

16-18  Motor Thermal

Range: Function:
0 %*   [0 - 100 %] View the calculated thermal load on the motor. The cut-out limit is 100%. The basis for calculation

is the ETRElectronic Thermal Overload function selected in par.1-90 Motor Thermal Protection.

16-22  Torque [%]

Range: Function:
0 %*   [-200 - 200 %] This is a read out parameter only.

Shows the actual torque yielded in percentage of the rated torque, based on the setting of the motor

size and rated speed in par.1-20 Motor Power [kW] or par.1-21 Motor Power [HP] and par.

1-25 Motor Nominal Speed.

This is the value monitored by the Broken Belt Function set in par. 22-6*.
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2.15.4 16-3* Drive Status

Parameters for reporting the status of the frequency converter.

16-30  DC Link Voltage

Range: Function:
0 V*   [0 - 10000 V] View a measured value. The value is filtered with an 30 ms time constant.

16-32  Brake Energy /s

Range: Function:
0.000 kW*   [0.000 - 10000.000 kW] View the brake power transmitted to an external brake resistor, stated as an instantaneous value.

16-33  Brake Energy /2 min

Range: Function:
0.000 kW*   [0.000 - 10000.000 kW] View the brake power transmitted to an external brake resistor. The mean power is calculated on

an average basis for the most recent 120 seconds.

16-34  Heatsink Temp.

Range: Function:
0 C*   [0 - 255 C] View the frequency converter heatsink temperature. The cut-out limit is 90 ± 5 °C, and the motor

cuts back in at 60 ± 5 °C.

16-35  Inverter Thermal

Range: Function:
0 %*   [0 - 100 %] View the percentage load on the inverter.

16-36  Inv. Nom. Current

Range: Function:
10.00 A*   [0.01 - 10000.00 A] View the inverter nominal current, which should match the nameplate data on the connected motor.

The data are used for calculation of torque, motor protection, etc.

16-37  Inv. Max. Current

Range: Function:
16.00 A*   [0.01 - 10000.00 A] View the inverter maximum current, which should match the nameplate data on the connected

motor. The data are used for calculation of torque, motor protection, etc.

16-38  SL Controller State

Range: Function:
0 N/A*   [0 - 100 N/A] View the state of the event under execution by the SL controller.

16-39  Control Card Temp.

Range: Function:
0 C*   [0 - 100 C] View the temperature on the control card, stated in °C.

16-40  Logging Buffer Full

Option: Function:
View whether the logging buffer is full (see par. 15-1*). The logging buffer will never be full when

par.15-13 Logging Mode is set to Log always [0].

[0] * No

[1] Yes

 

2 Parameter Description VLT® AQUA Drive Programming Guide

152 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 345 of 1072



2.15.5 16-5* Ref. & Feedb.

Parameters for reporting the reference and feedback input.

16-50  External Reference

Range: Function:
0.0 N/A*   [-200.0 - 200.0 N/A] View the total reference, the sum of digital, analog, preset, bus and freeze references, plus catch-

up and slow-down.

16-52  Feedback [Unit]

Range: Function:
0.000 Proc-

essCtrlU-

nit*

  [-999999.999 - 999999.999 Proc-

essCtrlUnit]

View value of resulting feedback value after processing of Feedback 1-3 (see par.16-54 Feedback

1 [Unit], par.16-55 Feedback 2 [Unit] and par. 16-56) in the feedback manager.

See par. 20-0* Feedback.

The value is limited by settings in par. 20-13 and par. 20-14. Units as set in par. 20-12 Reference/

Feedback Unit.

16-53  Digi Pot Reference

Range: Function:
0.00 N/A*   [-200.00 - 200.00 N/A] View the contribution of the Digital Potentiometer to the actual reference.

16-54  Feedback 1 [Unit]

Range: Function:
0.000 Proc-

essCtrlU-

nit*

  [-999999.999 - 999999.999 Proc-

essCtrlUnit]

View value of Feedback 1, see par. 20-0* Feedback.

The value is limited by settings in par. 20-13 Minimum Reference/Feedb. and par. 20-14 Maximum

Reference/Feedb.. Units as set in par. 20-12 Reference/Feedback Unit.

16-55  Feedback 2 [Unit]

Range: Function:
0.000 Proc-

essCtrlU-

nit*

  [-999999.999 - 999999.999 Proc-

essCtrlUnit]

View value of Feedback 2, see par. 20-0* Feedback.

The value is limited by settings in par. 20-13 and par. 20-14. Units as set in par. 20-12 Reference/

Feedback Unit.

16-56  Feedback 3 [Unit]

Range: Function:
0.000 Proc-

essCtrlU-

nit*

  [-999999.999 - 999999.999 Proc-

essCtrlUnit]

View value of Feedback 3, see par. 20-0* Feedback.

The value is limited by settings in par. 20-13 Minimum Reference/Feedb. and par. 20-14 Maximum

Reference/Feedb.. Units as set in par. 20-12 Reference/Feedback Unit.

16-59  Adjusted Setpoint

Option: Function:
View value of the adjusted set point according to par.20-29.

 

2.15.6 16-6* Inputs and Outputs

Parameters for reporting the digital and analog IO ports.

16-60  Digital Input

Range: Function:
0*   [0 - 63] View the signal states from the active digital inputs. Input 18 corresponds for example to bit 5. '0'

= NO signal, '1' = connected signal.
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Bit 0 Digital input term. 33
Bit 1 Digital input term. 32
Bit 2 Digital input term. 29
Bit 3 Digital input term. 27
Bit 4 Digital input term. 19
Bit 5 Digital input term. 18
Bit 6 Digital input term. 37
Bit 7 Digital input GP I/O term. X30/2
Bit 8 Digital input GP I/O term. X30/3
Bit 9 Digital input GP I/O term. X30/4
Bit 10-63 Reserved for future terminals

16-61  Terminal 53 Switch Setting

Option: Function:
View the setting of input terminal 53. Current = 0; Voltage = 1.

[0] * Current

[1] Voltage

[2] Pt 1000 [°C]

[3] Pt 1000 [°F]

[4] Ni 1000 [°C]

[5] Ni 1000 [°F]

16-62  Analog Input 53

Range: Function:
0.000 N/A*   [-20.000 - 20.000 N/A] View the actual value at input 53.

16-63  Terminal 54 Switch Setting

Option: Function:
View the setting of input terminal 54. Current = 0; Voltage = 1.

[0] * Current

[1] Voltage

[2] Pt 1000 [°C]

[3] Pt 1000 [°F]

[4] Ni 1000 [°C]

[5] Ni 1000 [°F]

16-64  Analog Input 54

Range: Function:
0.000 N/A*   [-20.000 - 20.000 N/A] View the actual value at input 54.

16-65  Analog Output 42 [mA]

Range: Function:
0.000 N/A*   [0.000 - 30.000 N/A] View the actual value at output 42 in mA. The value shown reflects the selection in par.6-50 Terminal

42 Output.

16-66  Digital Output [bin]

Range: Function:
0 N/A*   [0 - 15 N/A] View the binary value of all digital outputs.
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16-67  Freq. Input #29 [Hz]

Range: Function:
0*   [0 - 0] View the actual frequency rate on terminal 29.

16-68  Freq. Input #33 [Hz]

Range: Function:
0*   [0 - 0] View the actual frequency rate on terminal 33.

16-69  Pulse Output #27 [Hz]

Range: Function:
0*   [0 - 0] View the actual value on terminal 27 in digital output mode.

16-70  Pulse Output #29 [Hz]

Range: Function:
0*   [0 - 0] View the actual value of pulses on terminal 29 in digital output mode.

16-71  Relay Output [bin]

Range: Function:
0 N/A*   [0 - 511 N/A] View the settings of all relays.

16-72  Counter A

Range: Function:
0 N/A*   [-2147483648 - 2147483647 N/A] View the present value of Counter A. Counters are useful as comparator operands, see par.

13-10 Comparator Operand.

The value can be reset or changed either via digital inputs (parameter group 5-1*) or by using an

SLC action (par.13-52 SL Controller Action).

16-73  Counter B

Range: Function:
0 N/A*   [-2147483648 - 2147483647 N/A] View the present value of Counter B. Counters are useful as comparator operands (par.13-10 Com-

parator Operand).

The value can be reset or changed either via digital inputs (parameter group 5-1*) or by using an

SLC action (par.13-52 SL Controller Action).

16-74  Precise Stop Counter

Option: Function:
[0] * -2147483648 - 2147483648 Returns the actual counter value of precise counter.

16-75  Analog In X30/11

Range: Function:
0.000 N/A*   [-20.000 - 20.000 N/A] View the actual value at input X30/11 of MCB 101.

16-76  Analog In X30/12

Range: Function:
0.000 N/A*   [-20.000 - 20.000 N/A] View the actual value at input X30/12 of MCB 101.
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16-77  Analog Out X30/8 [mA]

Range: Function:
0.000 N/A*   [0.000 - 30.000 N/A] View the actual value at input X30/8 in mA.

 

2.15.7 16-8* Fieldbus & FC Port

Parameters for reporting the BUS references and control words.

16-80  Fieldbus CTW 1

Range: Function:
0 N/A*   [0 - 65535 N/A] View the two-byte Control word (CTW) received from the Bus-Master. Interpretation of the Control

word depends on the fieldbus option installed and the Control word profile selected in par.

8-10 Control Profile.

For more information please refer to the relevant fieldbus manual.

16-82  Fieldbus REF 1

Range: Function:
0 N/A*   [-200 - 200 N/A] View the two-byte word sent with the control word form the Bus-Master to set the reference value.

For more information please refer to the relevant fieldbus manual.

16-84  Comm. Option STW

Range: Function:
0 N/A*   [0 - 65535 N/A] View the extended fieldbus comm. option status word.

For more information please refer to the relevant fieldbus manual.

16-85  FC Port CTW 1

Range: Function:
0 N/A*   [0 - 65535 N/A] View the two-byte Control word (CTW) received from the Bus-Master. Interpretation of the control

word depends on the fieldbus option installed and the Control word profile selected in par.

8-10 Control Profile.

16-86  FC Port REF 1

Range: Function:
0 N/A*   [-200 - 200 N/A] View the two-byte Status word (STW) sent to the Bus-Master. Interpretation of the Status word

depends on the fieldbus option installed and the Control word profile selected in par.8-10 Control

Profile.

 

2.15.8 16-9* Diagnosis Read-Outs

Parameters displaying alarm, warning and extended status words.

16-90  Alarm Word

Range: Function:
0 N/A*   [0 - 4294967295 N/A] View the alarm word sent via the serial communication port in hex code.

16-91  Alarm Word 2

Range: Function:
0 N/A*   [0 - 4294967295 N/A] View the alarm word 2 sent via the serial communication port in hex code.
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16-92  Warning Word

Range: Function:
0 N/A*   [0 - 4294967295 N/A] View the warning word sent via the serial communication port in hex code.

16-93  Warning Word 2

Range: Function:
0 N/A*   [0 - 4294967295 N/A] View the warning word 2 sent via the serial communication port in hex code.

16-94  Ext. Status Word

Range: Function:
0 N/A*   [0 - 4294967295 N/A] Returns the extended status word sent via the serial communication port in hex code.

16-95  Ext. Status Word 2

Range: Function:
0 N/A*   [0 - 4294967295 N/A] Returns the extended warning word 2 sent via the serial communication port in hex code.

16-96  Maintenance Word

Range: Function:
0 N/A*   [0 - 4294967295 N/A]
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2.16 Main Menu - Data Readouts 2 - Group 18

2.16.1 18-0* Maintenance LogLG-0# Maintenance Log

This group contains the last 10 Preventive Maintenance logs. Maintenance Log 0 is the latest log and Maintenance Log 9 the oldest.

By selecting one of the logs and pressing OK, the Maintenance Item, Action and time of the occurrence can be found in par.18-00 Maintenance Log:

Item – par.18-03 Maintenance Log: Date and Time.

The Alarm log button on the LCP allows access to both Alarm log and Maintenance log.

18-00  Maintenance Log: Item
Array [10]

Range: Function:
0 N/A*   [0 - 255 N/A] Locate the meaning of the Maintenance Item in the description of par.23-10 Maintenance Item .

18-01  Maintenance Log: Action
Array [10]

Range: Function:
0 N/A*   [0 - 255 N/A] Locate the meaning of the Maintenance Item in the description of par.23-11 Maintenance Action

18-02  Maintenance Log: Time
Array [10]

Range: Function:
0 s*   [0 - 2147483647 s] Shows when the logged event occurred. Time is measured in seconds since last power-up.

18-03  Maintenance Log: Date and Time
Array [10]

Range: Function:
0 N/A*   [0 - 0 N/A] Shows when the logged event occurred.

NB!

This requires that the date and time is programmed in par. 0-70 Date and

Time.

Date format depends on the setting in par. 0-71 Date Format, while the time format depends on

the setting in par.0-72 Time Format.

NB!

The frequency converter has no back up of the clock function and the set date/

time will reset to default (2000-01-01 00:00) after a power down unless a Real

Time Clock module with back up is installed. In par.0-79 Clock Fault it is possible

to program for a Warning in case clock has not been set properly, e.g. after a

power down. Incorrect setting of the clock will affect the time stamps for the

Maintenance Events.

NB!

When mounting an Analog I/O MCB 109 option card, a battery back-up of date and time is included.
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18-30  Analog Input X42/1

Range: Function:
0.000 N/A*   [-20.000 - 20.000 N/A] Read out of the value of the signal applied to terminal X42/1 on the Analog I/O Card.

The units of the value shown in the LCP will correspond to the mode selected in par.26-00 Terminal

X42/1 Mode.

18-31  Analog Input X42/3

Range: Function:
0.000 N/A*   [-20.000 - 20.000 N/A] Read out of the value of the signal applied to terminal X42/3 on the Analog I/O Card.

The units of the value shown in the LCP will correspond to the mode selected in par.26-01 Terminal

X42/3 Mode.

18-32  Analog Input X42/5

Range: Function:
0.000 N/A*   [-20.000 - 20.000 N/A] Read out of the value of the signal applied to terminal X42/5 on the Analog I/O Card.

The units of the value shown in the LCP will correspond to the mode selected in par.26-02 Terminal

X42/5 Mode.

18-33  Analog Out X42/7 [V]

Range: Function:
0.000 N/A*   [0.000 - 30.000 N/A] Read out of the value of the signal applied to terminal X42/7 on the Analog I/O Card.

The value shown reflects the selection in par.26-40 Terminal X42/7 Output.

18-34  Analog Out X42/9 [V]

Range: Function:
0.000 N/A*   [0.000 - 30.000 N/A] Read out of the value of the signal applied to terminal X42/9 on the Analog I/O Card.

The value shown reflects the selection in par.26-50 Terminal X42/9 Output.

18-35  Analog Out X42/11 [V]

Range: Function:
0.000 N/A*   [0.000 - 30.000 N/A] Read out of the value of the signal applied to terminal X42/11 on the Analog I/O Card.

The value shown reflects the selection in par.26-60 Terminal X42/11 Output.
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2.17 Main Menu - FC Closed Loop - Group 20

2.17.1 Drive Closed Loop, 20-**

This parameter group is used for configuring the closed loop PID Controller, that controls the output frequency of the frequency converter.

 

2.17.2 Feedback, 20-0*

This parameter group is used to configure the feedback signal for the frequency converter’s closed loop PID Controller. Whether the frequency converter

is in Closed Loop Mode or Open Loop Mode, the feedback signals can be shown on the frequency converter’s display. It can also be used to control a

frequency converter analog output, and be transmitted over various serial communication protocols.

20-00  Feedback 1 Source

Option: Function:
Up to three different feedback signals can be used to provide the feedback signal for the frequency

converter’s PID Controller.

This parameter defines which input will be used as the source of the first feedback signal.

Analog input X30/11 and Analog input X30/12 refer to inputs on the optional General Purpose I/O

board.

[0] No function

[1] Analog input 53

[2] * Analog input 54

[3] Pulse input 29

[4] Pulse input 33

[7] Analog input X30/11

[8] Analog input X30/12

[9] Analog Input X42/1

[10] Analog Input X42/3

[11] Analog Input X42/5

[100] Bus feedback 1

[101] Bus feedback 2

[102] Bus feedback 3
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NB!

If a feedback is not used, its source must be set to No Function [0]. par. 20-20 Feedback Function determines how the three possible

feedbacks will be used by the PID Controller.

20-01  Feedback 1 Conversion

Option: Function:
[0] * Linear

[1] Square root This parameter allows a conversion function to be applied to Feedback 1.

Linear [0] has no effect on the feedback.

Square root [1] is commonly used when a pressure sensor is used to provide flow feedback

(( flow  ∝ pressure)).

20-03  Feedback 2 Source

Option: Function:
See par.20-00 Feedback 1 Source for details.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[3] Pulse input 29

[4] Pulse input 33

[7] Analog input X30/11

[8] Analog input X30/12

[9] Analog Input X42/1

[10] Analog Input X42/3

[11] Analog Input X42/5

[100] Bus feedback 1

[101] Bus feedback 2

[102] Bus feedback 3

20-04  Feedback 2 Conversion

Option: Function:
See par. 20-01 Feedback 1 Conversion for details.

[0] * Linear

[1] Square root

[2] Pressure to temperature
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20-06  Feedback 3 Source

Option: Function:
See par.20-00 Feedback 1 Source for details.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[3] Pulse input 29

[4] Pulse input 33

[7] Analog input X30/11

[8] Analog input X30/12

[9] Analog Input X42/1

[10] Analog Input X42/3

[11] Analog Input X42/5

[100] Bus feedback 1

[101] Bus feedback 2

[102] Bus feedback 3

20-07  Feedback 3 Conversion

Option: Function:
See par. 20-01 Feedback 1 Conversion for details.

[0] * Linear

[1] Square root

[2] Pressure to temperature

20-12  Reference/Feedback Unit

Option: Function:
[0] None

[1] * %

[5] PPM

[10] 1/min

[11] RPM

[12] Pulse/s

[20] l/s

[21] l/min

[22] l/h

[23] m3/s

[24] m3/min

[25] m3/h

[30] kg/s

[31] kg/min

[32] kg/h

[33] t/min

[34] t/h

[40] m/s

[41] m/min

[45] m

[60] °C

[70] mbar
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[71] bar

[72] Pa

[73] kPa

[74] m WG

[75] mm Hg

[80] kW

[120] GPM

[121] gal/s

[122] gal/min

[123] gal/h

[124] CFM

[125] ft3/s

[126] ft3/min

[127] ft3/h

[130] lb/s

[131] lb/min

[132] lb/h

[140] ft/s

[141] ft/min

[145] ft

[160] °F

[170] psi

[171] lb/in2

[172] in WG

[173] ft WG

[174] in Hg

[180] HP This parameter determines the unit that is used for the setpoint reference and feedback that the

PID Controller will use for controlling the output frequency of the frequency converter.

 

2.17.3 20-2* Feedback & Setpoint

This parameter group is used to determine how the frequency converter’s PID Controller will use the three possible feedback signals to control the output

frequency of the frequency converter. This group is also used to store the three internal setpoint references.

20-20  Feedback Function

Option: Function:
[0] Sum

[1] Difference

[2] Average

[3] * Minimum

[4] Maximum

[5] Multi setpoint min

[6] Multi setpoint max This parameter determines how the three possible feedbacks will be used to control the output

frequency of the frequency converter.

NB!

Any unused feedback must be set to “No function” in its Feedback Source pa-

rameter: 20-00, 20-03 or 20-06.
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The feedback resulting from the function selected in par. 20-20 will be used by the PID Controller

to control the output frequency of the frequency converter. This feedback can also be shown on the

frequency converter’s display, be used to control a frequency converter's analog output, and be

transmitted over various serial communication protocols.

The frequency converter can be configured to handle multi zone applications. Two different multi

zone applications are supported:

• Multi zone, single setpoint

• Multi zone, multi setpoint

The difference between the two is illustrated by the following examples:

Example 1 – Multi zone, single setpoint

In an office building, a VAV (variable air volume) water system must ensure a minimum pressure

at selected VAV boxes. Due to the varying pressure losses in each duct, the pressure at each VAV

box cannot be assumed to be the same. The minimum pressure required is the same for all VAV

boxes. This control method can be set up by setting Feedback Function, par. 20-20 to option [3],

Minimum, and entering the desired pressure in par. 20-21. The PID Controller will increase the speed

of the fan if any one feedback is below the setpoint and decrease the speed of the fan if all feedbacks

are above the setpoint.

Example 2 – Multi zone, multi setpoint

The previous example can be used to illustrate the use of multi zone, multi setpoint control. If the

zones require different pressures for each VAV box, each setpoint may be specified in par. 20-21,

20-22 and 20-23. By selecting Multi setpoint minimum, [5], in par. 20-20, Feedback Function, the

PID Controller will increase the speed of the fan if any one of the feedbacks is below its setpoint

and decrease the speed of the fan if all feedbacks are above their individual setpoints.

Sum [0] sets up the PID Controller to use the sum of Feedback 1, Feedback 2 and Feedback 3 as

the feedback.

NB!

Any unused feedbacks must be set to No Function in par. 20-00, 20-03, or 20-06.

The sum of Setpoint 1 and any other references that are enabled (see par. group 3-1*) will be used

as the PID Controller’s setpoint reference.

Difference [1] sets up the PID Controller to use the difference between Feedback 1 and Feedback

2 as the feedback. Feedback 3 will not be used with this selection. Only setpoint 1 will be used. The

sum of Setpoint 1 and any other references that are enabled (see par. group 3-1*) will be used as

the PID Controller’s setpoint reference.

Average [2] sets up the PID Controller to use the average of Feedback 1, Feedback 2 and Feedback

3 as the feedback.

NB!

Any unused feedbacks must be set to No Function in par. 20-00, 20-03, or 20-06.

The sum of Setpoint 1 and any other references that are enabled (see par. group

3-1*) will be used as the PID Controller’s setpoint reference.
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Minimum [3] sets up the PID Controller to compare Feedback 1, Feedback 2 and Feedback 3 and

use the lowest value as the feedback.

NB!

Any unused feedbacks must be set to No Function in par. 20-00, 20-03, or 20-06.

Only setpoint 1 will be used. The sum of Setpoint 1 and any other references that

are enabled (see par. group 3-1*) will be used as the PID Controller’s setpoint

reference.

Maximum [4] sets up the PID Controller to compare Feedback 1, Feedback 2 and Feedback 3 and

use the highest value as the feedback.

NB!

Any unused feedbacks must be set to No Function in par. 20-00, 20-03, or 20-06.

Only Setpoint 1 will be used. The sum of Setpoint 1 and any other references that are enabled (see

par. group 3-1*) will be used as the PID Controller’s setpoint reference.

Multi-setpoint minimum [5] sets up the PID Controller to calculate the difference between Feedback

1 and Setpoint 1, Feedback 2 and Setpoint 2, and Feedback 3 and Setpoint 3. It will use the feed-

back/setpoint pair in which the feedback is the farthest below its corresponding setpoint reference.

If all feedback signals are above their corresponding setpoints, the PID Controller will use the feed-

back/setpoint pair in which the difference between the feedback and setpoint is the least.

NB!

If only two feedback signals are used, the feedback that is not to be used must

be set to No Function in par. 20-00, 20-03 or 20-06. Note that each setpoint

reference will be the sum of its respective parameter value ( 20-12 and 20-13)

and any other references that are enabled (see par. group 3-1*).

Multi-setpoint maximum [6] sets up the PID Controller to calculate the difference between Feedback

1 and Setpoint 1, Feedback 2 and Setpoint 2, and Feedback 3 and Setpoint 3. It will use the feed-

back/setpoint pair in which the feedback is farthest above its corresponding setpoint reference. If

all feedback signals are below their corresponding setpoints, the PID Controller will use the feed-

back/setpoint pair in which the difference between the feedback and the setpoint reference is the

least.

NB!

If only two feedback signals are used, the feedback that is not to be used must

be set to No Function in par. 20-00, 20-03 or 20-06. Note that each setpoint

reference will be the sum of its respective parameter value (20-21, 20-22 and

20-23) and any other references that are enabled (see par. group 3-1*).

20-21  Setpoint 1

Range: Function:
0.000 Proc-

essCtrlU-

nit*

  [-999999.999 - 999999.999 Proc-

essCtrlUnit]

Setpoint 1 is used in Closed Loop Mode to enter a setpoint reference that is used by the frequency

converter’s PID Controller. See the description of par. 20-20 Feedback Function.

NB!

Setpoint reference entered here is added to any other references that are enabled

(see par. group 3-1*).

20-22  Setpoint 2

Range: Function:
0.000 Proc-

essCtrlU-

nit*

  [-999999.999 - 999999.999 Proc-

essCtrlUnit]

Setpoint 2 is used in Closed Loop Mode to enter a setpoint reference that may be used by the

frequency converter’s PID Controller. See the description of Feedback Function, par. 20-20 Feedback

Function.
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NB!

The setpoint reference entered here is added to any

other references that are enabled (see par. group

3-1*).

20-23  Setpoint 3

Range: Function:
0.000*   [RefMIN - RefMAX UNIT (from par.

20-12)]

Setpoint 3 is used in Closed Loop Mode to enter a setpoint reference that may be used by the

frequency converter’s PID Controller. See the description of par. 20-20 Feedback Function.

NB!

If the min and max references are altered, a new PI - Autotune may be needed.

NB!

The setpoint reference entered here is added to any other references that are

enabled (see par. group 3-1*).

 

2.17.4 20-7* PID autotuning

The frequency converter PID Closed Loop controller (parameters 20-**, FC Closed Loop) can be auto-tuned, simplifying and saving time during com-

missioning, whilst ensuring accurate PID control adjustment. To use auto-tuning it is necessary for the frequency converter to be configured for closed

loop in par.1-00 Configuration Mode.

A Graphical Local Control Panel (LCP) must be used in order to react on messages during the auto-tuning sequence.

Enabling par.20-79 PID Autotuning, puts the frequency converter into auto-tuning mode. The LCP then directs the user with on-screen instructions.

The fan/pump is started by pressing [Auto On] button on the LCP and applying a start signal. The speed is adjusted manually by pressing the [▲] or

[▼] navigation keys on the LCP to a level where the feedback is around the system set-point.

NB!

It is not possible to run the motor at maximum or minimum speed, when manually adjusting the motor speed due to the need of giving

the motor a step in the speed during auto-tuning.

PID auto-tuning functions by introducing step changes whilst operating at a steady state and then monitoring the feedback. From the feedback response,

the required values for par.20-93 PID Proportional Gain and par.20-94 PID Integral Time are calculated. par. 20-95 PID Differentiation Time is set to

value 0 (zero). par. 20-81 PID Normal/ Inverse Control is determined during tuning process.

These calculated values are presented on the LCP and the user can decide whether to accept or reject them. Once accepted, the values are written to

the relevant parameters and auto-tuning mode is disabled in par.20-79 PID Autotuning. Depending on the system being controlled the time required to

carry out auto-tuning could be several minutes.

It is advised to set the ramp times in par.3-41 Ramp 1 Ramp Up Time, par.3-42 Ramp 1 Ramp Down Time or par.3-51 Ramp 2 Ramp Up Time and par.

3-52 Ramp 2 Ramp Down Time according to the load inertia before carrying out PID autotuning. If PID autotuning is carried out with slow ramp times,

the auto-tuned parameters will typically result in very slow control. Excessive feedback sensor noise should be removed using the input filter (parameter

groups 6-**, 5-5* and 26-**, Terminal 53/54 Filter Time Constant/Pulse Filter Time Constant #29/33) before activating PID autotuning. In order to obtain

the most accurate controller parameters, it is advised to carry out PID autotuning, when the application is running in typical operation, i.e. with a typical

load.
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20-70  Closed Loop Type

Option: Function:
This parameter defines the application response. The default mode should be sufficient for most

applications. If the application response speed is known, it can be selected here. This will decrease

the time needed for carrying out PID autotuning. The setting has no impact on the value of the

tuned parameters and is used only for the autotuning sequence.

[0] * Auto

[1] Fast Pressure

[2] Slow Pressure

[3] Fast Temperature

[4] Slow Temperature

 

2.17.5 20-79 PID Autotuning

20-79  PID Autotuning

Option: Function:
Select the relative response speed for the application.

[0] * Disabled

[1] Enabled

20-72  PID Output Change

Range: Function:
0.10 N/A*   [0.01 - 0.50 N/A] This parameter sets the magnitude of step change during autotuning. The value is a percentage of

full speed. I.e. if maximum output frequency inpar.4-13 Motor Speed High Limit [RPM]/par.

4-14 Motor Speed High Limit [Hz] is set to 50Hz, 0.10 is 10% of 50Hz, which is 5Hz. This parameter

should be set to a value resulting in feedback changes of between 10% and 20% for best tuning

accuracy.

20-73  Minimum Feedback Level

Range: Function:
-999999.00

0 Proc-

essCtrlU-

nit*

  [-999999.999 - par. 20-74 Proc-

essCtrlUnit]

The minimum allowable feedback level should be entered here in User units as defined in

par. 20-12 Reference/Feedback Unit. If the level falls below par.20-73 Minimum Feedback Level,

autotuning is aborted and an error message will appear on the LCP.

20-74  Maximum Feedback Level

Range: Function:
999999.000

ProcessCtr-

lUnit*

  [par. 20-73 - 999999.999 Proc-

essCtrlUnit]

The maximum allowable feedback level should be entered here in User units as defined in

par. 20-12 Reference/Feedback Unit. If the level rises above par.20-74 Maximum Feedback Level,

autotuning is aborted and an error message will appear on the LCP.

20-79  PID Autotuning

Option: Function:
This parameter starts the PID autotuning sequence. Once the autotuning has successfully completed

and the settings have been accepted or rejected by the user, by pressing [OK] or [Cancel] buttons

on the LCP at the end of tuning, this parameter is reset to [0] Disabled.

[0] * Disabled

[1] Enabled
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2.17.6 20-8* PID Basic Settings

This parameter group is used to configure the basic operation of the frequency converter’s PID Controller, including how it responds to a feedback that

is above or below the setpoint, the speed at which it first starts functioning, and when it will indicate that the system has reached the setpoint.

20-81  PID Normal/Inverse Control

Option: Function:
[0] * Normal

[1] Inverse Normal [0] causes the frequency converter’s output frequency to decrease when the feedback is

greater than the setpoint reference. This is common for pressure-controlled supply fan and pump

applications.

Inverse [1] causes the frequency converter’s output frequency to increase when the feedback is

greater than the setpoint reference.

20-82  PID Start Speed [RPM]

Range: Function:
0 RPM*   [0 - par. 4-13 RPM] When the frequency converter is first started, it initially ramps up to this output speed in Open Loop

Mode, following the active Ramp Up Time. When the output speed programmed here is reached,

the frequency converter will automatically switch to Closed Loop Mode and the PID Controller will

begin to function. This is useful in applications in which the driven load must first quickly accelerate

to a minimum speed when it is started.

NB!

This parameter will only be visible if par.0-02 Motor Speed Unit is set to [0], RPM.

20-83  PID Start Speed [Hz]

Range: Function:
0 Hz*   [0.0 - par. 4-14 Hz] When the frequency converter is first started, it initially ramps up to this output frequency in Open

Loop Mode, following the active Ramp Up Time. When the output frequency programmed here is

reached, the frequency converter will automatically switch to Closed Loop Mode and the PID Con-

troller will begin to function. This is useful in applications in which the driven load must first quickly

accelerate to a minimum speed when it is started.

NB!

This parameter will only be visible if par.0-02 Motor Speed Unit is set to [1], Hz.

20-84  On Reference Bandwidth

Range: Function:
5 %*   [0 - 200 %] When the difference between the feedback and the setpoint reference is less than the value of this

parameter, the frequency converter’s display will show “Run on Reference”. This status can be

communicated externally by programming the function of a digital output for Run on Reference/No

Warning [8]. In addition, for serial communications, the On Reference status bit of the frequency

converter’s Status Word will be high (1).

The On Reference Bandwidth is calculated as a percentage of the setpoint reference.

 

2.17.7 PID Controller, 20-9*

This group provides the ability to manually adjust this PID Controller. By adjusting the PID Controller parameters the control performance may be

improved. See section on PID in the chapter Introduction to VLT AQUA Drive in the VLT AQUA Drive Design Guide for guidelines on adjusting the PID

Controller parameters.
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20-91  PID Anti Windup

Option: Function:
[0] Off Off [0] The integrator will continue to change value also after output has reached one of the ex-

tremes. This can afterwards cause a delay of change of the output of the controller.

[1] * On On [1] The integrator will be locked if the output of the built in PID controller has reached one of

the extremes (min or max value) and therefore not able to add further change to the value of the

process parameter controlled. This allows the controller to respond more quickly when it again can

control the system.

20-93  PID Proportional Gain

Range: Function:
0.50 N/A*   [0.00 - 10.00 N/A]

If (Error x Gain) jumps with a value equal to what is set in par. 20-14 Maximum Reference/Feedb. the PID controller will try to change the output speed

equal to what is set in par.4-13 Motor Speed High Limit [RPM]/par.4-14 Motor Speed High Limit [Hz] but in practice of course limited by this setting.

The proportional band (error causing output to change from 0-100%) can be calculated by means of the formula:

( 1
Proportional Gain ) × (Max  Reference)

NB!

Always set the desired for par. 20-14 Maximum Reference/Feedb. before setting the values for the PID controller in par. group 20-9*.

20-94  PID Integral Time

Range: Function:
20.00 s*   [0.01 - 10000.00 s] Over time, the integrator accumulates a contribution to the output from the PID controller as long

as there is a deviation between the Reference/Setpoint and feedback signals. The contribution is

proportional to the size of the deviation. This ensures that the deviation (error) approaches zero.

Quick response on any deviation is obtained when the integral time is set to a low value. Setting it

too low, however, may cause the control to become unstable.

The value set, is the time needed for the integrator to add the same contribution as the proportional

part for a certain deviation.

If the value is set to 10,000, the controller will act as a pure proportional controller with a P-band

based on the value set in par.20-93 PID Proportional Gain. When no deviation is present, the output

from the proportional controller will be 0.

20-95  PID Differentiation Time

Range: Function:
0.0 s*   [0.00 = Off - 10.00 s] The differentiator monitors the rate of change of the feedback. If the feedback is changing quickly,

it will adjust the output of the PID Controller to reduce the rate of change of the feedback. Quick

PID Controller response is obtained when this value is large. However, if too large of a value is used,

the frequency converter’s output frequency may become unstable.

Differentiation time is useful in situations where extremely fast frequency converter response and

precise speed control are required. It can be difficult to adjust this for proper system control. Dif-

ferentiation time is not commonly used in water/ wastewater applications. Therefore, it is generally

best to leave this parameter at 0 or OFF.

20-96  PID Diff. Gain Limit

Range: Function:
5.0 N/A*   [1.0 - 50.0 N/A] The differential function of a PID Controller responds to the rate of change of the feedback. As a

result, an abrupt change in the feedback can cause the differential function to make a very large

change in the PID Controller’s output. This parameter limits the maximum effect that the PID Con-

troller’s differential function can produce. A smaller value reduces the maximum effect of the PID

Controller’s differential function.

This parameter is only active when par. 20-95 PID Differentiation Time is not set to OFF (0 s).
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2.18 Main Menu - Extended Closed Loop - Group 21

2.18.1 21-** Ext. Closed Loop

The  offers 3 Extended Closed Loop PID controllers in addition to the PID Controller. These can be configured independently to control either external

actuators (valves, dampers etc.) or be used together with the internal PID Controller to improve the dynamic responses to setpoint changes or load

disturbances.

The Extended Closed Loop PID controllers may be interconnected or connected to the PID Closed Loop controller to form a dual loop configuration.

In order to control a modulating device (e.g. a valve motor), this device must be a positioning servo motor with built-in electronics accepting either a

0-10V (signal from Analog I/O card MCB 109) or a 0/4-20 mA (signal from Control Card and/or General Purpose I/O card MCB 101) control signal.

The output function can be programmed in the following parameters:

• Control Card, terminal 42: par.6-50 Terminal 42 Output (setting [113]...[115] or [149]...[151], Ext. Closed Loop 1/2/3

• General Purpose I/O card MCB 101, terminal X30/8: par.6-60 Terminal X30/8 Output, (setting [113]...[115] or [149]...[151], Ext. Closed Loop

1/2/3

• Analog I/O card MCB 109, terminal X42/7...11: par.26-40 Terminal X42/7 Output, par.26-50 Terminal X42/9 Output, par.26-60 Terminal X42/11

Output (setting [113]...[115], Ext. Closed Loop 1/2/3

General Purpose I/O card and Analog I/O card are optional cards.

 

2.18.2 21-0* Extended CL autotuning

The extended PID Closed Loop PID controllers (par. 21-**, Ext. Closed Loop) can each be auto-tuned, simplifying and saving time during commissioning,

whilst ensuring accurate PID control adjustment.

To use PID autotuning it is necessary for the relevant Extended PID controller to have been configured for the application.

A graphical Local Control Panel (LCP) must be used in order to react on messages during the autotuning sequence.

Enabling autotuning par.21-09 PID Autotuning puts the relevant PID controller into PID autotuning mode. The LCP then directs the user with on-screen

instructions.

PID autotuning functions by introducing step changes and then monitoring the feedback. From the feedback response, the required values for PID

Proportional Gain, par.21-21 Ext. 1 Proportional Gain for EXT CL 1, par.21-41 Ext. 2 Proportional Gain for EXT CL 2 and par.21-61 Ext. 3 Proportional

Gain for EXT CL 3 and Integral Time, par.21-22 Ext. 1 Integral Time for EXT CL 1, par.21-42 Ext. 2 Integral Time for EXT CL 2 and par.21-62 Ext. 3

Integral Time for EXT CL 3 are calculated. PID Differentiation Time, par.21-23 Ext. 1 Differentation Time for EXT CL 1, par.21-43 Ext. 2 Differentation

Time for EXT CL 2 and par.21-63 Ext. 3 Differentation Time for EXT CL 3 are set to value 0 (zero). Normal / Inverse, par.21-20 Ext. 1 Normal/Inverse

Control for EXT CL 1, par.21-40 Ext. 2 Normal/Inverse Control for EXT CL 2 and par.21-60 Ext. 3 Normal/Inverse Control for EXT CL 3 are determined

during the tuning process.

These calculated values are presented on the LCP and the user can decide whether to accept or reject them. Once accepted, the values are written to

the relevant parameters and PID autotuning mode is disabled in par.21-09 PID Autotuning. Depending on the system being controlled the time required

to carry out PID autotuning could be several minutes.

Excessive feedback sensor noise should be removed using the input filter (parameter groups 6-**,5-5* and 26-**, Terminal 53/54 Filter Time Constant/

Pulse Filter Time Constant #29/33) before activating PID autotuning.
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21-00  Closed Loop Type

Option: Function:
This parameter defines the application response. The default mode should be sufficient for most

applications. If the relative application speed is known, it can be selected here. This will decrease

the time needed for carrying out PID Autotuning. The setting has no impact on the value of the

tuned parameters and is used only for the PID auto-tuning sequence.

[0] * Auto

[1] Fast Pressure

[2] Slow Pressure

[3] Fast Temperature

[4] Slow Temperature

21-02  PID Output Change

Range: Function:
0.10 N/A*   [0.01 - 0.50 N/A] This parameter sets the magnitude of step change during autotuning. The value is a percentage of

full operating range. I.e. if maximum analog output voltage is set to 10 V, 0.10 is 10% of 10 V,

which is 1 V. This parameter should be set to a value resulting in feedback changes of between

10% and 20% for best tuning accuracy.

21-03  Minimum Feedback Level

Range: Function:
-999999.00

0 N/A*

  [-999999.999 - par. 21-04 N/A] The minimum allowable feedback level should be entered here in User Units as defined in par.

21-10 Ext. 1 Ref./Feedback Unit for EXT CL 1, par.21-30 Ext. 2 Ref./Feedback Unit for EXT CL 2 or

par.21-50 Ext. 3 Ref./Feedback Unit for EXT CL 3. If the level falls below par.21-03 Minimum Feed-

back Level, PID autotuning is aborted and an error message will appear on the LCP.

21-04  Maximum Feedback Level

Range: Function:
999999.000

N/A*

  [par. 21-03 - 999999.999 N/A] The maximum allowable feedback level should be entered here in User units as defined in par.

21-10 Ext. 1 Ref./Feedback Unit for EXT CL 1, par.21-30 Ext. 2 Ref./Feedback Unit for EXT CL 2 or

par.21-50 Ext. 3 Ref./Feedback Unit for EXT CL 3 If the level rises above par.21-04 Maximum Feed-

back Level, PID autotuning is aborted and an error message will appear on the LCP.

21-01  PID Performance

Option: Function:
[0] * Normal Normal setting of this parameter will be suitable for pressure control in fan systems.

[1] Fast Fast setting would generally be used in pumping systems, where a faster control response is de-

sirable.

21-09  PID Autotuning

Option: Function:
This parameter enables selection of the Extended PID controller to be autotuned and starts the PID

autotuning for that controller. Once the autotuning has successfully completed and the settings have

been accepted or rejected by the user, by pressing [OK] or [Cancel] buttons on the LCP at the end

of tuning, this parameter is reset to [0] Disabled.

[0] * Disabled

[1] Enabled Ext CL 1 PID

[2] Enabled Ext CL 2 PID

[3] Enabled Ext CL 3 PID
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2.18.3 21-1* Closed Loop 1 Ref/Feedback

Configure Extended Closed Loop 1 Controller reference and feedback.

21-10  Ext. 1 Ref./Feedback Unit

Option: Function:
Select the unit for the reference and feedback.

[0]

[1] * %

[5] PPM

[10] 1/min

[11] RPM

[12] Pulse/s

[20] l/s

[21] l/min

[22] l/h

[23] m³/s

[24] m³/min

[25] m³/h

[30] kg/s

[31] kg/min

[32] kg/h

[33] t/min

[34] t/h

[40] m/s

[41] m/min

[45] m

[60] °C

[70] mbar

[71] bar

[72] Pa

[73] kPa

[74] m WG

[75] mm Hg

[80] kW
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[120] GPM

[121] gal/s

[122] gal/min

[123] gal/h

[124] CFM

[125] ft³/s

[126] ft³/min

[127] ft³/h

[130] lb/s

[131] lb/min

[132] lb/h

[140] ft/s

[141] ft/min

[145] ft

[160] °F

[170] psi

[171] lb/in²

[172] in WG

[173] ft WG

[174] in Hg

[180] HP

21-11  Ext. 1 Minimum Reference

Range: Function:
0.000 Ex-

tPID1Unit*

  [-999999.999 - par. 21-12 Ex-

tPID1Unit]

Select the minimum for the Closed Loop 1 Controller.

21-12  Ext. 1 Maximum Reference

Range: Function:
100.000 Ex-

tPID1Unit*

  [par. 21-11 - 999999.999 Ex-

tPID1Unit]

Select the maximum for the Closed Loop 1 Controller.

The dynamics of the PID controller will depend on the value set in this parameter. Please see also

par.21-21 Ext. 1 Proportional Gain.

NB!

Always set the desired value for par.21-12 Ext. 1 Maximum Reference before setting the values for the PID controller in par. 20-9*.
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21-13  Ext. 1 Reference Source

Option: Function:
This parameter defines which input on the frequency converter should be treated as the source of

the reference signal for the Closed Loop 1 Controller. Analog input X30/11 and Analog input X30/12

refer to inputs on the General Purpose I/O.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[7] Pulse input 29

[8] Pulse input 33

[20] Digital pot.meter

[21] Analog input X30/11

[22] Analog input X30/12

[23] Analog Input X42/1

[24] Analog Input X42/3

[25] Analog Input X42/5

[30] Ext. Closed Loop 1

[31] Ext. Closed Loop 2

[32] Ext. Closed Loop 3

21-14  Ext. 1 Feedback Source

Option: Function:
This parameter defines which input on the frequency converter should be treated as the source of

the feedback signal for the Closed Loop 1 controller. Analog input X30/11 and Analog input X30/12

refer to inputs on the General Purpose I/O .

[0] * No function

[1] Analog input 53

[2] Analog input 54

[3] Pulse input 29

[4] Pulse input 33

[7] Analog input X30/11

[8] Analog input X30/12

[9] Analog Input X42/1

[10] Analog Input X42/3

[11] Analog Input X42/5

[100] Bus feedback 1

[101] Bus feedback 2

[102] Bus feedback 3

21-15  Ext. 1 Setpoint

Range: Function:
0.000 Ex-

tPID1Unit*

  [-999999.999 - 999999.999 Ex-

tPID1Unit]

The setpoint reference is used in extended 1 closed loop. Ext.1 Setpoint is added to the value from

the Ext.1 Reference source selected in par.21-13 Ext. 1 Reference Source.

21-17  Ext. 1 Reference [Unit]

Range: Function:
0.000 Ex-

tPID1Unit*

  [-999999.999 - 999999.999 Ex-

tPID1Unit]

Readout of the reference value for the Closed Loop 1 Controller.
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21-18  Ext. 1 Feedback [Unit]

Range: Function:
0.000 Ex-

tPID1Unit*

  [-999999.999 - 999999.999 Ex-

tPID1Unit]

Readout of the feedback value for the Closed Loop 1 Controller.

21-19  Ext. 1 Output [%]

Range: Function:
0 %*   [0 - 100 %] Readout of the output value for the Closed Loop 1 Controller.

 

2.18.4 21-2* Closed Loop 1 PID

Configure the Closed Loop 1 PID controller.

21-20  Ext. 1 Normal/Inverse Control

Option: Function:
[0] * Normal Select Normal [0] if the output should be reduced when feedback is higher than the reference.

[1] Inverse Select Inverse [1] if the output should be increased when feedback is higher than the reference.

21-21  Ext. 1 Proportional Gain

Range: Function:
0.01 N/A*   [0.00 - 10.00 N/A]

If (Error x Gain) jumps with a value equal to what is set in par. 20-14 Maximum Reference/Feedb., the PID controller will try to change the output speed

equal to what is set in par. 4-13/4-14, Motor Speed High Limit, but in practice of course limited by this setting.

The proportional band (error causing output to change from 0-100%) can be calculated by means of the formula:

( 1
Proportional Gain ) × (Max  Reference)

NB!

Always set the desired for par. 20-14 Maximum Reference/Feedb. before setting the values for the PID controller in par. group 20-9*.

21-22  Ext. 1 Integral Time

Range: Function:
10000.00

s*

  [0.01 - 10000.00 s] Over time, the integrator accumulates a contribution to the output from the PID controller as long

as there is a deviation between the Reference/Setpoint and feedback signals. The contribution is

proportional to the size of the deviation. This ensures that the deviation (error) approaches zero.

Quick response on any deviation is obtained when the integral time is set to a low value. Setting it

too low, however, may cause the control to become unstable.

The value set, is the time needed for the integrator to add the same contribution as the proportional

part for a certain deviation.

If the value is set to 10,000, the controller will act as a pure proportional controller with a P-band

based on the value set in par.20-93 PID Proportional Gain. When no deviation is present, the output

from the proportional controller will be 0.

21-23  Ext. 1 Differentation Time

Range: Function:
0.00 s*   [0.00 - 10.00 s] The differentiator does not react to a constant error. It only provides a gain when the feedback

changes. The quicker the feedback changes, the stronger the gain from the differentiator.
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21-24  Ext. 1 Dif. Gain Limit

Range: Function:
5.0 N/A*   [1.0 - 50.0 N/A] Set a limit for the differentiator gain (DG). The DG will increase if there are fast changes. Limit the

DG to obtain a pure differentiator gain at slow changes and a constant differentiator gain where

quick changes occur.

 

2.18.5 21-3* Closed Loop 2 Ref/Fb

Configure Extended Closed Loop 2 Controller reference and feedback.

21-30  Ext. 2 Ref./Feedback Unit

Option: Function:
See par.21-10 Ext. 1 Ref./Feedback Unit for details

[0]

[1] * %

[5] PPM

[10] 1/min

[11] RPM

[12] Pulse/s

[20] l/s

[21] l/min

[22] l/h

[23] m³/s

[24] m³/min

[25] m³/h

[30] kg/s

[31] kg/min

[32] kg/h

[33] t/min

[34] t/h

[40] m/s

[41] m/min

[45] m

[60] °C

[70] mbar

[71] bar

[72] Pa

[73] kPa

[74] m WG

[75] mm Hg

[80] kW

[120] GPM

[121] gal/s

[122] gal/min

[123] gal/h

[124] CFM

[125] ft³/s
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[126] ft³/min

[127] ft³/h

[130] lb/s

[131] lb/min

[132] lb/h

[140] ft/s

[141] ft/min

[145] ft

[160] °F

[170] psi

[171] lb/in²

[172] in WG

[173] ft WG

[174] in Hg

[180] HP

21-31  Ext. 2 Minimum Reference

Range: Function:
0.000 Ex-

tPID2Unit*

  [-999999.999 - par. 21-32 Ex-

tPID2Unit]

See par.21-11 Ext. 1 Minimum Reference for details.

21-32  Ext. 2 Maximum Reference

Range: Function:
100.000 Ex-

tPID2Unit*

  [par. 21-31 - 999999.999 Ex-

tPID2Unit]

See par.21-12 Ext. 1 Maximum Reference for details.

21-33  Ext. 2 Reference Source

Option: Function:
See par.21-13 Ext. 1 Reference Source for details.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[7] Pulse input 29

[8] Pulse input 33

[20] Digital pot.meter

[21] Analog input X30/11

[22] Analog input X30/12

[23] Analog Input X42/1

[24] Analog Input X42/3

[25] Analog Input X42/5

[30] Ext. Closed Loop 1

[31] Ext. Closed Loop 2

[32] Ext. Closed Loop 3
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21-34  Ext. 2 Feedback Source

Option: Function:
See par.21-14 Ext. 1 Feedback Source for details.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[3] Pulse input 29

[4] Pulse input 33

[7] Analog input X30/11

[8] Analog input X30/12

[9] Analog Input X42/1

[10] Analog Input X42/3

[11] Analog Input X42/5

[100] Bus feedback 1

[101] Bus feedback 2

[102] Bus feedback 3

21-35  Ext. 2 Setpoint

Range: Function:
0.000 Ex-

tPID2Unit*

  [-999999.999 - 999999.999 Ex-

tPID2Unit]

See par.21-15 Ext. 1 Setpoint for details.

21-37  Ext. 2 Reference [Unit]

Range: Function:
0.000 Ex-

tPID2Unit*

  [-999999.999 - 999999.999 Ex-

tPID2Unit]

See par.21-17 Ext. 1 Reference [Unit], Ext. 1 Reference [Unit], for details.

21-38  Ext. 2 Feedback [Unit]

Range: Function:
0.000 Ex-

tPID2Unit*

  [-999999.999 - 999999.999 Ex-

tPID2Unit]

See par.21-18 Ext. 1 Feedback [Unit] for details.

21-39  Ext. 2 Output [%]

Range: Function:
0 %*   [0 - 100 %] See par.21-19 Ext. 1 Output [%] for details.

 

2.18.6 21-4* Closed Loop 2 PID

Configure the Closed Loop 2 PID Controller.

21-40  Ext. 2 Normal/Inverse Control

Option: Function:
See par.21-20 Ext. 1 Normal/Inverse Control for details.

[0] * Normal

[1] Inverse

21-41  Ext. 2 Proportional Gain

Range: Function:
0.01 N/A*   [0.00 - 10.00 N/A] See par.21-21 Ext. 1 Proportional Gain for details.
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21-42  Ext. 2 Integral Time

Range: Function:
10000.00

s*

  [0.01 - 10000.00 s] See par.21-22 Ext. 1 Integral Time for details.

21-43  Ext. 2 Differentation Time

Range: Function:
0.00 s*   [0.00 - 10.00 s] See par.21-23 Ext. 1 Differentation Time for details.

21-44  Ext. 2 Dif. Gain Limit

Range: Function:
5.0 N/A*   [1.0 - 50.0 N/A] See par.21-24 Ext. 1 Dif. Gain Limit for details.

 

2.18.7 21-5* Closed Loop 3 Ref/Fb

Configure Extended Closed Loop 3 Controller reference and feedback.

21-50  Ext. 3 Ref./Feedback Unit

Option: Function:
See par.21-10 Ext. 1 Ref./Feedback Unit for details.

[0]

[1] * %

[5] PPM

[10] 1/min

[11] RPM

[12] Pulse/s

[20] l/s

[21] l/min

[22] l/h

[23] m³/s

[24] m³/min

[25] m³/h

[30] kg/s

[31] kg/min

[32] kg/h

[33] t/min

[34] t/h

[40] m/s

[41] m/min

[45] m

[60] °C

[70] mbar

[71] bar

[72] Pa

[73] kPa

[74] m WG

[75] mm Hg

[80] kW
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[120] GPM

[121] gal/s

[122] gal/min

[123] gal/h

[124] CFM

[125] ft³/s

[126] ft³/min

[127] ft³/h

[130] lb/s

[131] lb/min

[132] lb/h

[140] ft/s

[141] ft/min

[145] ft

[160] °F

[170] psi

[171] lb/in²

[172] in WG

[173] ft WG

[174] in Hg

[180] HP

21-51  Ext. 3 Minimum Reference

Range: Function:
0.000 Ex-

tPID3Unit*

  [-999999.999 - par. 21-52 Ex-

tPID3Unit]

See par.21-11 Ext. 1 Minimum Reference for details.

21-52  Ext. 3 Maximum Reference

Range: Function:
100.000 Ex-

tPID3Unit*

  [par. 21-51 - 999999.999 Ex-

tPID3Unit]

See par.21-12 Ext. 1 Maximum Reference for details.

21-53  Ext. 3 Reference Source

Option: Function:
See par.21-13 Ext. 1 Reference Source for details.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[7] Pulse input 29

[8] Pulse input 33

[20] Digital pot.meter

[21] Analog input X30/11

[22] Analog input X30/12

[23] Analog Input X42/1

[24] Analog Input X42/3

[25] Analog Input X42/5

[30] Ext. Closed Loop 1

[31] Ext. Closed Loop 2

[32] Ext. Closed Loop 3
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21-54  Ext. 3 Feedback Source

Option: Function:
See par.21-14 Ext. 1 Feedback Source for details.

[0] * No function

[1] Analog input 53

[2] Analog input 54

[3] Pulse input 29

[4] Pulse input 33

[7] Analog input X30/11

[8] Analog input X30/12

[9] Analog Input X42/1

[10] Analog Input X42/3

[11] Analog Input X42/5

[100] Bus feedback 1

[101] Bus feedback 2

[102] Bus feedback 3

21-55  Ext. 3 Setpoint

Range: Function:
0.000 Ex-

tPID3Unit*

  [-999999.999 - 999999.999 Ex-

tPID3Unit]

See par.21-15 Ext. 1 Setpoint for details.

21-57  Ext. 3 Reference [Unit]

Range: Function:
0.000 Ex-

tPID3Unit*

  [-999999.999 - 999999.999 Ex-

tPID3Unit]

See par.21-17 Ext. 1 Reference [Unit] for details.

21-58  Ext. 3 Feedback [Unit]

Range: Function:
0.000 Ex-

tPID3Unit*

  [-999999.999 - 999999.999 Ex-

tPID3Unit]

See par.21-18 Ext. 1 Feedback [Unit] for details.

21-59  Ext. 3 Output [%]

Range: Function:
0 %*   [0 - 100 %] See par.21-19 Ext. 1 Output [%] for details.

 

2.18.8 21-6* Closed Loop 3 PID

Configure the Closed Loop 3 PID Controller.

21-60  Ext. 3 Normal/Inverse Control

Option: Function:
See par.21-20 Ext. 1 Normal/Inverse Control for details.

[0] * Normal

[1] Inverse

21-61  Ext. 3 Proportional Gain

Range: Function:
0.01 N/A*   [0.00 - 10.00 N/A] See par.21-21 Ext. 1 Proportional Gain for details.
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21-62  Ext. 3 Integral Time

Range: Function:
10000.00

s*

  [0.01 - 10000.00 s] See par.21-22 Ext. 1 Integral Time for details.

21-63  Ext. 3 Differentation Time

Range: Function:
0.00 s*   [0.00 - 10.00 s] See par.21-23 Ext. 1 Differentation Time for details.

21-64  Ext. 3 Dif. Gain Limit

Range: Function:
5.0 N/A*   [1.0 - 50.0 N/A] See par.21-24 Ext. 1 Dif. Gain Limit for details.
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2.19 Main Menu - Application Functions - Group 22

2.19.1 22-** Miscellaneous

This group contains parameters used for monitoring water/ wastewater applications.

22-00  External Interlock Delay

Range: Function:
0 s*   [0 - 600 s] Only relevant if one of the digital inputs in par. 5-1* has been programmed for  External Interlock

[7]. The External Interlock Timer will introduce a delay after the signal has been removed from the

digital input programmed for External Interlock, before reaction takes place.

 

2.19.2 No-Flow Detection, 22-2*

The VLT AQUA Drive includes functions for detecting if the load conditions in the system allow the motor to be stopped:

*Low Power Detection

*Low Speed Detection

One of these two signals must be active for a set time (No Flow Delay par. 22-24) before selected action takes place. Possible actions to select (par.

22-23): No action, Warning, Alarm, Sleep Mode.

No Flow Detection:

This function is used for detecting a no flow situation in pump systems where all valves can be closed. Can be used both when controlled by the integrated

PI controller in VLT AQUA Drive or an external PI controller. Actual configuration must be programmed in par. 1-00, Configuration Mode.

Configuration mode for

- Integrated PI Controller: Closed Loop

- External PI Controller: Open Loop

Carry out No Flow tuning before setting the PI controller parameters!
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No Flow Detection is based on the measurement of speed and power. For a certain speed the frequency converter calculates the power at no flow.

This coherence is based on the adjustment of two sets of speed and associated power at no flow. By monitoring the power it is possible to detect no flow

conditions in systems with fluctuating suction pressure or if the pump has a flat characteristic towards low speed.

The two sets of data must be based on measurement of power at approx. 50% and 85% of maximum speed with the valve(s) closed. The data are

programmed in the par. 22-3*. It is also possible to run a Low Power Auto Set Up (par. 22-20), automatically stepping through the commissioning process

and also automatically storing the data measured. The frequency converter must be set for Open Loop in par. 1-00, Configuration Mode, when carrying

out the Auto Set Up (See No Flow Tuning par. 22-3*).

If to use the integrated PI controller, carry out No Flow tuning before setting the PI controller parameters!

Low speed detection:

Low Speed Detection gives a signal if the motor is operating with minimum speed as set in par. 4-11 or 4-12, Motor Low Limit. Actions are common with

No Flow Detection (individual selection not possible).

The use of Low Speed Detection is not limited to systems with a no flow situation, but can be used in any system where operation at minimum speed

allows for a stop of the motor until the load calls for a speed higher than minimum speed, e.g. systems with fans and compressors.

In pump systems ensure that the minimum speed in par. 4-11 or 4-12 has been set high enough for detection as the pump can run

with a rather high speed even with valves closed.

Dry pump detection:

No Flow Detection can also be used for detecting if the pump has run dry (low power consumption-high speed). Can be used with both the integrated

PI controller and an external PI controller.

The condition for Dry Pump signal:

- Power consumption below no flow level

and

- Pump running at maximum speed or maximum reference open loop, whichever is lowest.

The signal must be active for a set time (Dry Pump Delay par. 22-27) before selected the action takes place.

Possible Actions to select (par. 22-26):

- Warning

- Alarm

No Flow Detection must be enabled (par. 22-23, No Flow Function) and commissioned (par. 22-3*, No Power Tuning).
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22-20  Low Power Auto Set-up

Option: Function:
When set for Enabled, an auto set up sequence is activated, automatically setting speed to approx.

50 and 85% of rated motor speed (par.4-13 Motor Speed High Limit [RPM], par.4-14 Motor Speed

High Limit [Hz]). At those two speeds, the power consumption is automatically measured and stored.

Before enabling Auto Set Up:

1. Close valve(s) in order to create a no flow condition

2. The frequency converter must be set for Open Loop (par.1-00 Configuration Mode).

Note that it is important also to set par. 1-03 Torque Characteristics.

[0] * Off

[1] Enabled

NB!

Auto Set Up must be done when the system has reached normal operating temperature!

NB!

It is important that the par.4-13 Motor Speed High Limit [RPM] or par.4-14 Motor Speed High Limit [Hz] is set to the max. operational

speed of the motor!

It is important to do the Auto Set-up before configuring the integrated PI Contoller as settings will be reset when changing from Closed

to Open Loop in par.1-00 Configuration Mode.

NB!

Carry out the tuning with the same settings in par. 1-03 Torque Characteristics, as for operation after the tuning.

22-21  Low Power Detection

Option: Function:
[0] * Disabled

[1] Enabled If selecting Enabled, the Low Power Detection commissioning must be carried out in order to set

the parameters in group 22-3* for proper operation!

22-22  Low Speed Detection

Option: Function:
[0] * Disabled

[1] Enabled Select Enabled for detecting when the motor operates with a speed as set in par.4-11 Motor Speed

Low Limit [RPM] or par.4-12 Motor Speed Low Limit [Hz].

22-23  No-Flow Function

Option: Function:
Common actions for Low Power Detection and Low Speed Detection (Individual selections not pos-

sible).

[0] * Off

[1] Sleep Mode

[2] Warning Messages in the Local Control Panel display (if mounted) and/or signal via a relay or a digital output.

[3] Alarm The frequency converter trips and motor stays stopped until reset.
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22-24  No-Flow Delay

Range: Function:
10 s*   [1 - 600 s] Set the time Low Power/Low Speed must stay detected to activate signal for actions. If detection

disappears before run out of the timer, the timer will be reset.

22-26  Dry Pump Function

Option: Function:
Low Power Detection must be Enabled (par.22-21 Low Power Detection) and commissioned (using

either par. 22-3*, No Flow Power Tuning, or par.22-20 Low Power Auto Set-up) in order to use Dry

Pump Detection.

[0] * Off

[1] Warning Messages in the Local Control Panel display (if mounted) and/or signal via a relay or a digital output.

[2] Alarm The frequency converter trips and motor stays stopped until reset.

22-27  Dry Pump Delay

Range: Function:
10 s*   [0 - 600 s] Defines for how long the Dry Pump condition must be active before activating Warning or Alarm

22-28  No-Flow Low Speed [RPM]

Range: Function:
0*   [Motor Min. Speed - Motor Max.

Speed]

Used to set the speed for no-flow low speed detection.

If a low speed detection at a speed different from the motor minimum speed is needed, this pa-

rameter may be used.

22-29  No-Flow Low Speed [Hz]

Range: Function:
0*   [Motor Min. Speed - Motor Max.

Speed]

Used to set the speed for no-flow low speed detection.

If a low speed detection at a speed different from the motor minimum speed is needed, this pa-

rameter may be used.

 

2.19.3 22-3* No-Flow Power Tuning

Tuning Sequence, if not choosing Auto Set Up in par.22-20 Low Power Auto Set-up:

1. Close the main valve to stop flow

2. Run with motor until the system has reached normal operating temperature

3. Press Hand On button on the LCP and adjust speed for approx. 85% of rated speed. Note the exact speed

4. Read power consumption either by looking for actual power in the data line in the LCP or call par.16-10 Power [kW] or par.16-11 Power [hp] in

Main Menu. Note the power read out

5. Change speed to approx. 50% of rated speed. Note the exact speed

6. Read power consumption either by looking for actual power in the data line in the LCP or call par.16-10 Power [kW] or par.16-11 Power [hp] in

Main Menu. Note the power read

7. Program the speeds used in par.22-32 Low Speed [RPM], par.22-33 Low Speed [Hz], par.22-36 High Speed [RPM] and par.22-37 High Speed

[Hz]

8. Program the associated power values in par.22-34 Low Speed Power [kW], par.22-35 Low Speed Power [HP], par.22-38 High Speed Power

[kW] and par.22-39 High Speed Power [HP]

9. Switch back by means of Auto On or Off
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NB!

Set par. 1-03 Torque Characteristics before tuning takes place.

22-30  No-Flow Power

Range: Function:
0.00 kW*   [0.00 - 0.00 kW] Read out of calculated No Flow power at actual speed. If power drops to the display value the

frequency converter will consider the condition as a No Flow situation.

22-31  Power Correction Factor

Range: Function:
100 %*   [1 - 400 %] Make corrections to the calculated power at par.22-30 No-Flow Power.

If No Flow is detected, when it should not be detected, the setting should be decreased. However,

if No Flow is not detected, when it should be detected, the setting should be increased to above

100%.

22-32  Low Speed [RPM]

Range: Function:
0 RPM*   [0 - par. 22-36 RPM] To be used if par.0-02 Motor Speed Unit has been set for RPM (parameter not visible if Hz selected).

Set used speed for the 50% level.

This function is used for storing values needed to tune No Flow Detection.

22-33  Low Speed [Hz]

Range: Function:
0 Hz*   [0.0 - par. 22-37 Hz] To be used if par.0-02 Motor Speed Unit has been set for Hz (parameter not visible if RPM selected).

Set used speed for the 50% level.

The function is used for storing values needed to tune No Flow Detection.

22-34  Low Speed Power [kW]

Range: Function:
0 kW*   [0.00 - 0.00 kW] To be used if par.0-03 Regional Settings has been set for International (parameter not visible if

North America selected).

Set power consumption at 50% speed level.

This function is used for storing values needed to tune No Flow Detection.

22-35  Low Speed Power [HP]

Range: Function:
0 hp*   [0.00 - 0.00 hp] To be used if par.0-03 Regional Settings has been set for North America (parameter not visible if

International selected).

Set power consumption at 50% speed level.

This function is used for storing values needed to tune No Flow Detection.

22-36  High Speed [RPM]

Range: Function:
0 RPM*   [0 - par. 4-13 RPM] To be used if par.0-02 Motor Speed Unit has been set for RPM (parameter not visible if Hz selected).

Set used speed for the 85% level.

The function is used for storing values needed to tune No Flow Detection.
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22-37  High Speed [Hz]

Range: Function:
0.0 Hz*   [0.0 - par. 4-14 Hz] To be used if par.0-02 Motor Speed Unit has been set for Hz (parameter not visible if RPM selected).

Set used speed for the 85% level.

The function is used for storing values needed to tune No Flow Detection.

22-38  High Speed Power [kW]

Range: Function:
0 kW*   [0.00 - 0.00 kW] To be used if par.0-03 Regional Settings has been set for International (parameter not visible if

North America selected).

Set power consumption at 85% speed level.

This function is used for storing values needed to tune No Flow Detection.

22-39  High Speed Power [HP]

Range: Function:
0 hp*   [0.00 - 0.00 hp] To be used if par.0-03 Regional Settings has been set for North America (parameter not visible if

International selected).

Set power consumption at 85% speed level.

This function is used for storing values needed to tune No Flow Detection.

 

2.19.4 Sleep Mode, 22-4* 

If the load on the system allows for stop of the motor and the load is monitored, the motor can be stopped by activating the Sleep Mode function. This

is not a normal Stop command, but ramps the motor down to 0 RPM and stops energizing the motor. When in Sleep Mode certain conditions are monitored

to find out when load has been applied to the system again.

Sleep Mode can be activated either from the No Flow Detection/Minimum Speed Detection or via an external signal applied to one of the digital inputs

(must be programmed via the parameters for configuration of the digital inputs, par. 5-1* selecting Sleep Mode).

To make it possible to use e.g. an electro-mechanical flow switch to detect a no flow condition and activate Sleep Mode, the action takes place at raising

edge of the external signal applied (otherwise the frequency converter would never come out of Sleep Mode again as the signal would be steady con-

nected).

If par. 25-26, Destage at No-Flow, is set for Enabled activating Sleep Mode will apply a command to the cascade controller (if enabled) to start de-staging

of lag pumps (fixed speed) before stopping the lead pump (variable speed).

When entering Sleep Mode, the lower status line in the Local Control Panel shows Sleep Mode.

See also signal flow chart in section 22-2* No Flow Detection.

There are three different ways of using the Sleep Mode function:
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Illustration 2.6: Legend: FC=frequency converter; fO=frequency out; PS=P system; PSL=P setpoint

1) Systems where the integrated PI controller is used for controlling pressure or temperature e.g. boost systems with a pressure feed back signal applied

to the frequency converter from a pressure transducer. Par. 1-00, Configuration Mode, must be set for Closed Loop and the PI Controller configured for

desired reference and feed back signals.

Example: Boost system.

If no flow is detected, the frequency converter will increase the set point for pressure to ensure a slight over pressure in the system (boost to be set in

par. 22-45, Setpoint Boost).

The feedback from the pressure transducer is monitored and when this pressure has dropped with a set percentage below the normal set point for

pressure (Pset), the motor will ramp up again and pressure will be controlled for reaching the set value (Pset).
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2) In systems where the pressure or temperature is controlled by an external PI controller, the wake up conditions can not be based on feedback from

the pressure/temperature transducer as the setpoint is not known. In the example with a boost system, desired pressure Pset is not known. Par. 1-00,

Configuration mode, must be set for Open Loop.

Example: Boost system.

When low power or low speed is detected the motor is stopped, but the reference signal (fref) from the external controller is still monitored and because

of the low pressure created, the controller will increase the reference signal to gain pressure. When the reference signal has reached a set value fwake

the motor restarts.

The speed is set manually by an external reference signal (Remote Reference). The settings (par. 22-3*) for tuning of the No Flow function must be set

to default.

Configuration possibilities, overview:

Internal PI Controller

(Par. 1-00: Closed loop)

External PI Controller or manual control

(Par. 1-00: Open loop)

Sleep mode Wake up Sleep mode Wake up

No Flow detection (pumps only) Yes  Yes (except manual setting

of speed)

 

Low speed detection Yes Yes

External signal Yes  Yes  

Pressure/Temperature (transmit-

ter connected)

Yes No

Output frequency  No  Yes
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NB!

Sleep Mode will not be active when Local Reference is active (set speed manually by means of arrow buttons on the Local Control

Panel). See Par. 3-13, Reference Site.

Does not work in Hand-mode. Auto set-up in open loop must be carried out before setting input/output in closed loop.

22-40  Minimum Run Time

Range: Function:
10 s*   [0 - 600 s] Set the desired minimum running time for the motor after a start command (digital input or Bus)

before entering Sleep Mode.

22-41  Minimum Sleep Time

Range: Function:
10 s*   [0 - 600 s] Set the desired Minimum Time for staying in Sleep Mode. This will override any wake up conditions.

22-42  Wake-up Speed [RPM]

Range: Function:
0 RPM*   [par. 4-11 - par. 4-13 RPM] To be used if par.0-02 Motor Speed Unit has been set for RPM (parameter not visible if Hz selected).

Only to be used if par.1-00 Configuration Mode is set for Open Loop and speed reference is applied

by an external controller.

Set the reference speed at which the Sleep Mode should be cancelled.

22-43  Wake-up Speed [Hz]

Range: Function:
0 Hz*   [par. 4-12 - par. 4-14 Hz] To be used if par.0-02 Motor Speed Unit, has been set for Hz (parameter not visible if RPM selected).

Only to be used if par.1-00 Configuration Mode, is set for Open Loop and speed reference is applied

by an external controller controlling the pressure.

Set the reference speed at which the Sleep Mode should be cancelled.

22-44  Wake-up Ref./FB Difference

Range: Function:
10%*   [0-100%] Only to be used if par. 1-00, Configuration Mode, is set for Closed Loop and the integrated PI

controller is used for controlling the pressure.

Set the pressure drop allowed in percentage of set point for the pressure (Pset) before cancelling

the Sleep Mode.

NB!

If used in application where the integrated PI controller is set for inverse control

in par. 20-71, PID, Normal/Inverse Control, the value set in par. 22-44 will au-

tomatically be added.

22-45  Setpoint Boost

Range: Function:
0 %*   [-100 - 100 %] Only to be used if par.1-00 Configuration Mode, is set for Closed Loop and the integrated PI con-

troller is used. In systems with e.g. constant pressure control, it is advantageous to increase the

system pressure before the motor is stopped. This will extend the time in which the motor is stopped

and help to avoid frequent start/stop.

Set the desired over pressure/temperature in percentage of set point for the pressure (Pset)/tem-

perature before entering the Sleep Mode.

If setting for 5%, the boost pressure will be Pset*1.05. The negative values can be used for e.g.

cooling tower control where a negative change is needed.
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22-46  Maximum Boost Time

Range: Function:
60 s*   [0 - 600 s] Only to be used if par.1-00 Configuration Mode is set for Closed Loop and the integrated PI controller

is used for controlling the pressure.

Set the maximum time for which boost mode will be allowed. If the set time is exceeded, Sleep

Mode will be entered, not waiting for the set boost pressure to be reached.

 

2.19.5 22-5* AP-5# End of Curve

The End of Curve conditions occur when a pump is yielding a too large volume to ensure the set pressure. This can occur if there is a leakage in the

distribution pipe system after the pump causing the pump to operate at the end of the pump characteristic, valid for the max. speed set in par.

4-13 Motor Speed High Limit [RPM] or par.4-14 Motor Speed High Limit [Hz].

In case the feed back is 2.5% of the programmed value in par. 20-14 Maximum Reference/Feedb. (or numerical value of par. 20-13 Minimum Reference/

Feedb. whichever is highest) below the set point for the desired pressure for a set time (par.22-51 End of Curve Delay), and the pump is running with

max. speed set in par.4-13 Motor Speed High Limit [RPM] or par.4-14 Motor Speed High Limit [Hz], - the function selected in par.22-50 End of Curve

Function will take place.

It is possible to get a signal on one of the digital outputs by selecting End of Curve [192] in par. 5-3* Digital Outputs and/or par. 5-4* Relays. The signal

will be present, when an End of Curve condition occurs and the selection in par.22-50 End of Curve Function, is different from Off. The end of curve

function can only be used when operating with the built-in PID controller (Closed loop in par.1-00 Configuration Mode).

22-50  End of Curve Function

Option: Function:
[0] * Off End of Curve monitoring not active.

[1] Warning A warning is issued in the display [W94].

[2] Alarm An alarm is issued and the frequency converter trips. A message [A94] appears in the display.

NB!

Automatic restart will reset the alarm and start the system again.

22-51  End of Curve Delay

Range: Function:
10 s*   [0 - 600 s] When an End of Curve condition is detected, a timer is activated. When the time set in this parameter

expires, and the End of Curve condition has been steady in the entire period, the function set in

par.22-50 End of Curve Function will be activated. If the condition disappears before the timer

expires, the timer will be reset.

 

2.19.6 Broken Belt Detection, 22-6*

The Broken Belt Detection can be used in both closed and open loop systems for pumps and fans. If the estimated motor torque is below the broken belt

torque value (par. 22-61) and the frequency converter output frequency is above or equal to 15 Hz, the broken belt function (par. 22-60) is performed

22-60  Broken Belt Function

Option: Function:
Selects the action to be performed if the Broken Belt condition is detected

[0] * Off

[1] Warning

[2] Trip
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22-61  Broken Belt Torque

Range: Function:
10 %*   [0 - 100 %] Sets the broken belt torque as a percentage of the rated motor torque.

22-62  Broken Belt Delay

Range: Function:
10 s   [0 - 600 s] Sets the time for which the Broken Belt conditions must be active before carrying out the action

selected in par.22-60 Broken Belt Function.

 

2.19.7 22-7* Short Cycle Protection

In some applications, there will often be a need for limiting the numbers of starts. One way to do this is to ensure a minimum run time (time between a

start and a stop) and a minimum interval between starts.

This means that any normal stop command can be overridden by the Minimum Run Time function (par. 22-77) and any normal start command (Start/

Jog/Freeze) can be overridden by the Interval Between Starts function (par. 22-76).

None of the two functions are active if Hand On or Off modes have been activated via the LCP. If selecting Hand On or Off, the two timers will be reset

to 0, and not start counting until Auto is pressed and an active start command applied.

22-75  Short Cycle Protection

Option: Function:
[0] * Disabled Timer set in par.22-76 Interval between Starts is disabled.

[1] Enabled Timer set in par.22-76 Interval between Starts is enabled.

22-76  Interval between Starts

Range: Function:
par. 22-77

s*

  [par. 22-77 - 3600 s] Sets the time desired as minimum time between two starts. Any normal start command (Start/Jog/

Freeze) will be disregarded until the timer has expired.

22-77  Minimum Run Time

Range: Function:
0 s*   [0 - par. 22-76 s] Sets the time desired as minimum run time after a normal start command (Start/Jog/Freeze). Any

normal stop command will be disregarded until the set time has expired. The timer will start counting

following a normal start command (Start/Jog/Freeze).

The timer will be overridden by a Coast (Inverse) or an External Interlock command.

NB!

Does not work in cascade mode.

 

2.19.8 Flow Compensation, 22-8*

It is sometimes the case that is not possible for a pressure transducer to be placed at a remote point in the system and it can only be located close to

the fan/pump outlet. Flow compensation operates by adjusting the set-point according to the output frequency, which is almost proportional to flow, thus

compensating for higher losses at higher flow rates.

HDESIGN (Required pressure) is the setpoint for closed loop (PI) operation of the frequency converter and is set as for closed loop operation without flow

compensation.
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There are two methods which can be employed, depending upon whether or not the Speed at System design Working Point is known.

Parameter used
Parameter

number

Speed at

Design Point

KNOWN

Speed at

Design Point

UNKNOWN

Flow Compensation (Par 22-80) + +

Square-Linear Curve Approximation (Par 22-81) + +

Work Point Calculation (Par 22-82) + +

Speed at No Flow (Par 22-83/84) + +

Speed at Design Point (Par 22-85/86) + -

Pressure at No Flow (Par 22-87) + +

Pressure at Rated Speed (Par 22-88) - +

Flow at Design Point (Par 22-89) - +

Flow at Rated Speed (Par 22-90) - +

22-80  Flow Compensation

Option: Function:
[0] * Disabled [0] Disabled: Set-Point compensation not active.

[1] Enabled [1] Enabled:Set-Point compensation is active. Enabling this parameter allows the Flow Compensated

Setpoint operation.

22-81  Square-linear Curve Approximation

Range: Function:
100 %*   [0 - 100 %] Example 1:

Adjustment of this parameter allows the shape of the control curve to be adjusted.

0 = Linear

100% = Ideal shape (theoretical).

NB!

Please note: Not visible when running in cascade.
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22-82  Work Point Calculation

Option: Function:
Example 1: Speed at System Design Working Point is known:

From the data sheet showing characteristics for the specific equipment at different speeds, simply

reading across from the HDESIGN point and the QDESIGN point allows us to find point A, which is the

System Design Working Point. The pump characteristics at this point should be identified and the

associated speed programmed. Closing the valves and adjusting the speed until HMIN has been

achieved allows the speed at the no flow point to be identified.

Adjustment of par.22-81 Square-linear Curve Approximation then allows the shape of the control

curve to be adjusted infinitely.

Example 2:

Speed at System Design Working Point is not known: Where the Speed at System Design Working

Point is unknown, another reference point on the control curve needs to be determined by means

of the data sheet. By looking at the curve for the rated speed and plotting the design pressure

(HDESIGN, Point C) the flow at that pressure QRATED can be determined. Similarly, by plotting the

design flow (QDESIGN, Point D). the pressure HD at that flow can be determined. Knowing these two

points on the pump curve, along with HMIN as described above, allows the frequency converter to

calculate the reference point B and thus to plot the control curve which will also include the System

design Working Point A.

[0] * Disabled Disabled [0]: Work Point Calculation not active. To be used if speed at design point is known (see

table above).

[1] Enabled Enabled [1] : Work Point Calculation is active. Enabling this parameter allows the calculation of the

unknown System Design Working Point at 50/60 Hz speed, from the input data set in par.

22-83 Speed at No-Flow [RPM] par.22-84 Speed at No-Flow [Hz], par.22-87 Pressure at No-Flow

Speed, par.22-88 Pressure at Rated Speed, par. 22-89 Flow at Design Point and par.22-90 Flow at

Rated Speed.
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22-83  Speed at No-Flow [RPM]

Range: Function:
300. RPM*   [0 - par. 22-85 RPM] Resolution 1 RPM.

The speed of the motor at which flow Is zero and minimum pressure HMIN  is achieved should be

entered here in RPM. Alternatively, the speed in Hz can be entered in par.22-84 Speed at No-Flow

[Hz]. If it has been decided to use RPM in par.0-02 Motor Speed Unit then par.22-85 Speed at Design

Point [RPM] should also be used. Closing the valves and reducing the speed until minimum pressure

HMIN is achieved will determine this value.

22-84  Speed at No-Flow [Hz]

Range: Function:
50.0 Hz*   [0.0 - par. 22-86 Hz] Resolution 0.033 Hz.

The speed of the motor at which flow has effectively stopped and minimum pressure HMIN is achieved

should be entered here in Hz. Alternatively, the speed in RPM can be entered in par.22-83 Speed

at No-Flow [RPM]. If it has been decided to use Hz in par.0-02 Motor Speed Unit then par.

22-86 Speed at Design Point [Hz] should also be used. Closing the valves and reducing the speed

until minimum pressure HMIN is achieved will determine this value.

22-85  Speed at Design Point [RPM]

Range: Function:
1500. RPM*   [par. 22-83 - 60000. RPM] Resolution 1 RPM.

Only visible when par.22-82 Work Point Calculation is set to Disable. The speed of the motor at

which the System Design Working Point is achieved should be entered here in RPM. Alternatively,

the speed in Hz can be entered in par.22-86 Speed at Design Point [Hz]. If it has been decided to

use RPM in par.0-02 Motor Speed Unit then par.22-83 Speed at No-Flow [RPM] should also be used.

22-86  Speed at Design Point [Hz]

Range: Function:
50/60.0

Hz*

  [par. 22-84 - par. 4-19 Hz] Resolution 0.033 Hz.

Only visible when par.22-82 Work Point Calculation is set to Disable. The speed of the motor at

which the System Design Working Point is achieved should be entered here in Hz. Alternatively, the

speed in RPM can be entered in par.22-85 Speed at Design Point [RPM]. If it has been decided to

use Hz in par.0-02 Motor Speed Unit, then par.22-83 Speed at No-Flow [RPM] should also be used.

22-87  Pressure at No-Flow Speed

Range: Function:
0.000 N/A*   [0.000 - par. 22-88 N/A] Enter the pressure HMIN corresponding to Speed at No Flow in Reference/Feedback Units.

22-88  Pressure at Rated Speed

Range: Function:
999999.999

N/A*

  [par. 22-87 - 999999.999 N/A] Enter the value corresponding to the Pressure at Rated Speed, in Reference/Feedback Units. This

value can be defined using the pump datasheet.

22-90  Flow at Rated Speed

Range: Function:
0.000 N/A*   [0.000 - 999999.999 N/A] Enter the value corresponding to Flow at Rated Speed. This value can be defined using the pump

datasheet.
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2.20 Main Menu - Time-based Functions - Group 23

2.20.1 23-0* Timed Actions 

Use Timed Actions for actions needing to be performed on a daily or weekly basis, e.g. different references for working hours / non-working hours. Up

to 10 Timed Actions can be programmed in the frequency converter. The Timed Action number is selected from the list when entering parameter group

23-0* from the LCP. par.23-00 ON Time – par.23-04 Occurrence then refer to the selected Timed Action number. Each Timed Action is divided into an

ON time and an OFF time, in which two different actions may be performed.

The actions programmed in Timed Actions are merged with corresponding actions from digital inputs, control work via bus and Smart Logic Controller,

according to merge rules set up in 8-5*, Digital/Bus.

NB!

The clock (parameter group 0-7*) must be correctly programmed for Timed Actions to function correctly.

NB!

When mounting an Analog I/O MCB109 option card, a battery back up of the date and time is included.

NB!

The PC-based Configuration Tool MCT 10 comprise a special guide for easy programming of Timed Actions.

23-00  ON Time
Array [10]

Range: Function:
0 N/A*   [0 - 0 N/A] Sets the ON time for the Timed Action.

NB!

The frequency converter has no back up of the clock function and the set date/

time will reset to default (2000-01-01 00:00) after a power down unless a Real

Time Clock module with back up is installed. In par.0-79 Clock Fault it is possible

to program for a Warning in case clock has not been set properly, e.g. after a

power down.

23-01  ON Action
Arra [10]

Option: Function:
Select the action during ON Time. See par.13-52 SL Controller Action for descriptions of the options.

[0] * Disabled

[1] No action

[2] Select set-up 1

[3] Select set-up 2

[4] Select set-up 3

[5] Select set-up 4

[10] Select preset ref 0

[11] Select preset ref 1

[12] Select preset ref 2
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[13] Select preset ref 3

[14] Select preset ref 4

[15] Select preset ref 5

[16] Select preset ref 6

[17] Select preset ref 7

[18] Select ramp 1

[19] Select ramp 2

[22] Run

[23] Run reverse

[24] Stop

[26] DC Brake

[27] Coast

[28] Freeze output

[29] Start timer 0

[30] Start timer 1

[31] Start timer 2

[32] Set digital out A low

[33] Set digital out B low

[34] Set digital out C low

[35] Set digital out D low

[36] Set digital out E low

[37] Set digital out F low

[38] Set digital out A high

[39] Set digital out B high

[40] Set digital out C high

[41] Set digital out D high

[42] Set digital out E high

[43] Set digital out F high

[60] Reset Counter A

[61] Reset Counter B

[70] Start Timer 3

[71] Start Timer 4

[72] Start Timer 5

[73] Start Timer 6

[74] Start Timer 7

NB!

For choices [32] - [43], see also par. group 5-3*, Digital Outputs and 5-4*, Relays.
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23-02  OFF Time
Array [10]

Range: Function:
0 N/A*   [0 - 0 N/A] Sets the OFF time for the Timed Action.

NB!

The frequency converter has no back up of the clock function and the set date/

time will reset to default (2000-01-01 00:00) after a power down unless a Real

Time Clock module with back up is installed. In par.0-79 Clock Fault it is possible

to program for a Warning in case clock has not been set properly, e.g. after a

power down.

23-03  OFF Action
Array [10]

Option: Function:
Select the action during OFF Time. See par.13-52 SL Controller Action for descriptions of the options.

[0] * Disabled

[1] No action

[2] Select set-up 1

[3] Select set-up 2

[4] Select set-up 3

[5] Select set-up 4

[10] Select preset ref 0

[11] Select preset ref 1

[12] Select preset ref 2

[13] Select preset ref 3

[14] Select preset ref 4

[15] Select preset ref 5

[16] Select preset ref 6

[17] Select preset ref 7

[18] Select ramp 1

[19] Select ramp 2

[22] Run

[23] Run reverse

[24] Stop

[26] DC Brake

[27] Coast

[28] Freeze output

[29] Start timer 0

[30] Start timer 1

[31] Start timer 2

[32] Set digital out A low

[33] Set digital out B low

[34] Set digital out C low

[35] Set digital out D low

[36] Set digital out E low

[37] Set digital out F low

[38] Set digital out A high
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[39] Set digital out B high

[40] Set digital out C high

[41] Set digital out D high

[42] Set digital out E high

[43] Set digital out F high

[60] Reset Counter A

[61] Reset Counter B

[70] Start Timer 3

[71] Start Timer 4

[72] Start Timer 5

[73] Start Timer 6

[74] Start Timer 7

23-04  Occurrence
Array [10]

Option: Function:
Select which day(s) the Timed Action applies to. Specify working/non-working days in par.

0-81 Working Days, par.0-82 Additional Working Days and par.0-83 Additional Non-Working Days.

[0] * All days

[1] Working days

[2] Non-working days

[3] Monday

[4] Tuesday

[5] Wednesday

[6] Thursday

[7] Friday

[8] Saturday

[9] Sunday

 

2.20.2 23-1* Maintenance

Wear and tear calls for periodic inspection and service of elements in the application, e.g. motor bearings, feedback sensors and seals or filters. With

Preventive Maintenance the service intervals may be programmed into the frequency converter. The frequency converter will give a message when

maintenance is required. 20 Preventive Maintenance Events can be programmed into the frequency converter. For each Event the following must be

specified:

• Maintenance item (e.g. “Motor Bearings”)

• Maintenance action (e.g. “Replace”)

• Maintenance Time Base (e.g. “Running Hours” or a specific date and time)

• Maintenance Time Interval or the date and time of next maintenance

NB!

To disable a Preventive Maintenance Event the associated par.23-12 Maintenance Time Base must be set to Disabled [0].

Preventive Maintenance can be programmed from the LCP, but use of the PC-based VLT Motion Control Tool MCT10 is recommended.
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The LCP indicates (with a wrench-icon and an “M”) when it is time for a Preventive Maintenance Action, and can be programmed to be indicated on a

digital output in parameter group 5-3*. The Preventive Maintenance Status may be read in par.16-96 Maintenance Word. A Preventive Maintenance

indication can be reset from a digital input, the FC bus or manually from the LCP through par.23-15 Reset Maintenance Word.

A Maintenance Log with the latest 10 loggings can be read from parameter group 18-0* and via the Alarm log button on the LCP after selecting Maintenance

Log.

23-10  Maintenance Item

Option: Function:
Select the item to be associated with the Preventive Maintenance Event.

[1] * Motor bearings

[2] Fan bearings

[3] Pump bearings

[4] Valve

[5] Pressure transmitter

[6] Flow transmitter

[7] Temperature transm.

[8] Pump seals

[9] Fan belt

[10] Filter

[11] Drive cooling fan

[12] System health check

[13] Warranty

[20] Maintenance Text 0

[21] Maintenance Text 1

[22] Maintenance Text 2
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[23] Maintenance Text 3

[24] Maintenance Text 4

[25] Maintenance Text 5

NB!

The Preventive Maintenance Events are defined in a 20 element array. Hence each Preventive Maintenance Event must use the same

array element index in par.23-10 Maintenance Item to par.23-14 Maintenance Date and Time.

23-11  Maintenance Action

Option: Function:
Select the action to be associated with the Preventive Maintenance Event.

[1] * Lubricate

[2] Clean

[3] Replace

[4] Inspect/Check

[5] Overhaul

[6] Renew

[7] Check

[20] Maintenance Text 0

[21] Maintenance Text 1

[22] Maintenance Text 2

[23] Maintenance Text 3

[24] Maintenance Text 4

[25] Maintenance Text 5

23-12  Maintenance Time Base

Option: Function:
Select the time base to be associated with the Preventive Maintenance Event.

[0] * Disabled Disabled [0] must be used when disabling the Preventive Maintenance Event.

[1] Running Hours Running Hours [1] is the number of hours the motor has been running. Running hours are not reset

at power-on. The Maintenance Time Interval must be specified in par.23-13 Maintenance Time

Interval.

[2] Operating Hours Operating Hours [2] is the number of hours the frequency converter has been running. Operating

hours are not reset at power-on. The Maintenance Time Interval must be specified in par.

23-13 Maintenance Time Interval.

[3] Date & Time Date & Time [3] uses the internal clock. The date and time of the next maintenance occurrence

must be specified in par.23-14 Maintenance Date and Time.

23-13  Maintenance Time Interval

Range: Function:
1 h*   [1 - 2147483647 h] Set the interval associated with the current Preventive Maintenance Event. This parameter is only

used if Running Hours [1] or Operating Hours [2] is selected in par.23-12 Maintenance Time Base.

The timer is reset from par.23-15 Reset Maintenance Word.

Example:

A Preventive Maintenance Event is set up Monday at 8:00. par.23-12 Maintenance Time Base is

Operating hours [2] and par.23-13 Maintenance Time Interval is 7 x 24 hours=168 hours. Next

Maintenance Event will be indicated the following Monday at 8:00. If this Maintenance Event is not

reset until Tuesday at 9:00, the next occurrence will be the following Tuesday at 9:00.
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23-14  Maintenance Date and Time

Range: Function:
0 N/A*   [0 - 0 N/A] Set the date and time for next maintenance occurrence if the Preventive Maintenance Event is based

on date/time. Date format depends on the setting in par. 0-71 Date Format while the time format

depends on the setting in par.0-72 Time Format.

NB!

The frequency converter has no back up of the clock function and the set date/

time will reset to default (2000-01-01 00:00) after a power down. In par.

0-79 Clock Fault it is possible to program for a Warning in case the clock has not

been set properly, e.g. after a power down.

The time set must be at least one hour from the actual time!

NB!

When mounting an Analog I/O MCB109 option card, a battery back up of the date

and time is included.

23-15  Reset Maintenance Word

Option: Function:
Set this parameter to Do reset [1] to reset the Maintenance Word in par.16-96 Maintenance Word

and reset the message displayed in the LCP. This parameter will change back to Do not reset [0]

when pressing OK.

[0] * Do not reset

[1] Do reset

NB!

When messages are reset - Maintenance Item, Action and Maintenance Date/Time are not cancelled. par.23-12 Maintenance Time

Base is set to Disabled [0].

 

2.20.3 23-5* Energy Log

The frequency converter is continuously accumulating the consumption of the motor controlled, based on the actual power yielded by the frequency

converter.

These data can be used for an Energy Log function allowing the user to compare and structure the information about the energy consumption related

to time.

There are basically two functions:

- Data related to a pre-programmed period, defined by a set date and time for start

- Data related to a predefined period back in time e.g. last seven days within the pre-programmed period

For each of the above two functions, the data are stored in a number of counters allowing for selecting time frame and a split on hours, days or weeks.

The period/split (resolution) can be set in par.23-50 Energy Log Resolution.

The data are based on the value registered by the kWh counter in the frequency converter. This counter value can be read in par.15-02 kWh Counter

containing the accumulated value since the first power up or latest reset of the counter (par.15-06 Reset kWh Counter).

All data for the Energy Log are stored in counters which can be read from par.23-53 Energy Log.
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Counter 00 will always contain the oldest data. A counter will cover a period from XX:00 to XX:59 if hours or 00:00 to 23:59 if days.

If logging either the last hours or last days, the counters will shift contents at XX:00 every hour or at 00:00 every day.

Counter with highest index will always be subject to update (containing data for the actual hour since XX:00 or the actual day since 00:00).

The contents of counters can be displayed as bars on LCP. Select Quick Menu, Loggings, Energy Log: Trending Continued Bin / Trending Timed Bin /

Trending Comparison.

23-50  Energy Log Resolution

Option: Function:
Select the desired type of period for logging of consumption. Hour of Day [0] , Day of Week [1] or

Day of Month [2]. The counters contain the logging data from the programmed date/time for start

(par.23-51 Period Start) and the numbers of hours/days as programmed for (par.23-50 Energy Log

Resolution).

The logging will start on the date programmed in par.23-51 Period Start, and continue until one

day/week/month has gone. Last 24 Hours [5], Last 7 Days [6] or Last 5 Weeks [7]. The counters

contain data for one day, one week or five weeks back in time and up to the actual time.

The logging will start at the date programmed in par.23-51 Period Start. In all cases the period split

will refer to Operating Hours (time where frequency converter is powered up).

[0] Hour of Day

[1] Day of Week

[2] Day of Month

[5] * Last 24 Hours

[6] Last 7 Days

[7] Last 5 Weeks

NB!

The frequency converter has no back up of the clock function and the set date/time will reset to default (2000-01-01 00:00) after a

power down unless a Real Time Clock module with back up is installed. Consequently the logging will be stopped until date/time is

readjusted in par. 0-70 Date and Time. In par.0-79 Clock Fault it is possible to program for a Warning in case clock not has been set

properly, e.g. after a power down.
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23-51  Period Start

Range: Function:
0 N/A*   [0 - 0 N/A] Set the date and time at which the Energy Log starts update of the counters. First data will be stored

in counter [00] and start at the time/date programmed in this parameter.

Date format will depend on setting in par. 0-71 Date Format and time format on setting in par.

0-72 Time Format.

NB!

When mounting an Analog I/O MCB109 option card, a battery back up of the date and time is included.

23-52  Period Stop

Range: Function:
2000-01-01

00:00*

  [2000-01-01 00:00 - 2099-12-31

23:59]

Set the date and time at which the Energy Log must stop updating the counters.

If the period defined by par. 23-51 and 23-52 is longer than 24 hours/7 days/31 days (depending

on selection in par. 23-50), the logging will stop when all buffers are used.

23-53  Energy Log

Range: Function:
0 N/A*   [0 - 4294967295 N/A] Array with a number of elements equal to the number of counters ([00]-[xx] below parameter

number in display). Press OK and Step between elements by means of ▲ and ▼ buttons on the

Local Control Panel.

Array elements:

Data from latest period is stored in the counter with the highest index.

At power down all counter values are stored and resumed at next power up.
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NB!

All counters are automatically reset when changing the setting in par.23-50 Energy Log Resolution. At overflow the update of the

counters will stop at maximum value.

NB!

When mounting an Analog I/O MCB109 option card, a battery back up of the date and time is included.

23-54  Reset Energy Log

Option: Function:
Select Do reset [1] to reset all values in the Energy Log counters shown in par.23-53 Energy Log.

After pressing OK the setting of the parameter value will automatically change to Do not reset [0].

[0] * Do not reset

[1] Do reset

 

2.20.4 23-6* Trending

Trending is used to monitor a process variable over a period of time and record how often the data falls into each of ten user-defined data ranges. This

is a convenient tool to get a quick overview indicating where to put focus for improvement of operation.

Two sets of data for Trending can be created in order to make it possible to compare current values for a selected operating variable with data for a

certain reference period, for the same variable. This reference period can be pre-programmed (par.23-63 Timed Period Start and par.23-64 Timed Period

Stop). The two sets of data can be read from par.23-61 Continuous Bin Data (current) and par.23-62 Timed Bin Data (reference).

It is possible to create Trending for following operation variables:

- Power

- Current

- Output frequency

- Motor Speed

The Trending function includes ten counters (forming a bin) for each set of data containing the numbers of registrations reflecting how often the operating

variable is within each of ten pre-defined intervals. The sorting is based on a relative value of the variable.

The relative value for the operating variable is

Actual/Rated * 100%.

for Power and Current and

Actual/Max * 100%

for Output Frequency and Motor Speed.

The size of each interval can be adjusted individually, but will default be 10% for each. Power and Current can exceed rated value, but those registrations

will be included in 90%-100% (MAX) counter.
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Once a second, the value of the operating variable selected is registered. If a value has been registered to equal 13%, the counter “10% - <20%” will

be updated with the value “1”. If the value stays at 13% for 10s, then “10” will be added to the counter value.

The contents of counters can be displayed as bars on LCP. Select Quick Menu >Loggings: Trending Continued Bin / Trending Timed Bin / Trending

Comparison.

NB!

The counters starts counting whenever the frequency converter is powered-up. Power cycle shortly after a reset will zero the counters.

EEProm data are updated once per hour.

23-60  Trend Variable

Option: Function:
Select the desired operating variable to be monitored for Trending.

[0] * Power [kW] Power yielded to the motor. Reference for the relative value is the rated motor power programmed

in par.1-20 Motor Power [kW] or par.1-21 Motor Power [HP]. Actual value can be read in par.

16-10 Power [kW] or par.16-11 Power [hp].

[1] Current [A] Output current to the motor. Reference for the relative value is the rated motor current programmed

in par.1-24 Motor Current. Actual value can be read in par.16-14 Motor Current.

[2] Frequency [Hz] Output frequency to the motor. Reference for the relative value is the maximum output frequency

programmed in par.4-14 Motor Speed High Limit [Hz]. Actual value can be read in par.16-13 Fre-

quency.

[3] Motor Speed [RPM] Speed of the motor. Reference for relative value is the maximum motor speed programmed in par.

4-13 Motor Speed High Limit [RPM].
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23-61  Continuous Bin Data

Range: Function:
0 N/A*   [0 - 4294967295 N/A] Array with 10 elements ([0]-[9] below parameter number in display). Press OK and step between

elements by means of ▲ and ▼ buttons on the LCP.

10 counters with the frequency of occurrence for the operating variable monitored, sorted according

to the following intervals:

Counter [0]: 0% - <10%

Counter [1]: 10% - <20%

Counter [2]. 20% - <30%

Counter [3]: 30% - <40%

Counter [4]: 40% - <50%

Counter [5]: 50% - <60%

Counter [6]. 60% - <70%

Counter [7]: 70% - <80%

Counter [8]. 80% - <90%

Counter [9]: 90% - <100% or Max

The above minimum limits for the intervals are the default limits. These can be changed in par.

23-65 Minimum Bin Value.

Starts to count when the frequency converter is powered up for the first time. All counters can be

reset to 0 in par.23-66 Reset Continuous Bin Data.

23-62  Timed Bin Data

Range: Function:
0 N/A*   [0 - 4294967295 N/A] Array with 10 elements ([0]-[9] below parameter number in display). Press OK and step between

elements by means of ▲ and ▼ buttons on the LCP.

10 counters with the frequency of occurrence for the operating data monitored sorted according to

the intervals as for par.23-61 Continuous Bin Data.

Starts to count at the date/time programmed in par.23-63 Timed Period Start, and stops at the time/

date programmed in par.23-64 Timed Period Stop. All counters can be reset to 0 in par.23-67 Reset

Timed Bin Data.

23-63  Timed Period Start

Range: Function:
0 N/A*   [0 - 0 N/A]

NB!

The frequency converter has no back up of the clock function and the set date/time will reset to default (2000-01-01 00:00) after a

power down unless a Real Time Clock module with back up is installed. Consequently the logging will be stopped until date/time is

readjusted in par. 0-70 Date and Time. In par.0-79 Clock Fault it is possible to program for a Warning in case clock not has been set

properly, e.g. after a power down.

NB!

When mounting an Analog I/O MCB109 option card, a battery back up of the date and time is included.
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23-64  Timed Period Stop

Range: Function:
0 N/A*   [0 - 0 N/A] Set the date and time at which the Trend Analyses must stop update of the Timed Bin counters.

Date format will depend on setting in par. 0-71 Date Format, and time format on setting in par.

0-72 Time Format.

NB!

When mounting an Analog I/O MCB109 option card, a battery back up of the date and time is included.

23-65  Minimum Bin Value

Range: Function:
0 %*   [0 - 100. %] Array with 10 elements ([0]-[9] below parameter number in display). Press OK and step between

elements by means of ▲ and ▼ buttons on the LCP.

Set the minimum limit for each interval in par.23-61 Continuous Bin Data and par.23-62 Timed Bin

Data. Example: if selecting counter [1] and changing setting from 10% to 12%, counter [0] will be

based on the interval 0 - <12% and counter [1] on interval 12% - <20%.

23-66  Reset Continuous Bin Data

Option: Function:
Select Do reset [1] to reset all values in par.23-61 Continuous Bin Data.

After pressing OK the setting of the parameter value will automatically change to Do not reset  [0].

[0] * Do not reset

[1] Do reset

23-67  Reset Timed Bin Data

Option: Function:
Select Do reset [1] to reset all counters in par.23-62 Timed Bin Data.

After pressing OK the setting of the parameter value will automatically change to Do not reset [0].

[0] * Do not reset

[1] Do reset

 

2.20.5 23-8* Payback counter

The VLT AQUA Drive includes a feature which can give a rough calculation on payback in cases where the frequency converter has been installed in an

existing plant to ensure energy saving by changing from fixed to variable speed control. Reference for the savings is a set value to represent the average

power yielded before the upgrade with variable speed control.

The difference between the Reference Power at fixed speed and the Actual Power yielded with speed control represent the actual saving.

2 Parameter Description VLT® AQUA Drive Programming Guide

210 MG.20.O4.02 - VLT® is a registered Danfoss trademark

2  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 403 of 1072



As value for the fixed speed case, the rated motor size (kW) is multiplied with a factor (set in %) representing the power yielded at fixed speed. The

difference between this reference power and the actual power is accumulated and stored. The difference in energy can be read in par. 23-83, Energy

Savings.

The accumulated value for the difference in power consumption is multiplied with the energy cost in local currency and the investment is subtracted. This

calculation for Cost Savings can also be read in par. 23-84, Cost Savings.

Cost Savings = (∑(Reference Power – Actual Power)) * Energy Cost – Additional Cost

Break even (payback) occurs when the value read in the parameter turns from negative to positive.

It is not possible to reset the Energy Savings counter, but the counter can be stopped any time by setting par. 23-80, Power Reference Factor , to 0.

Parameter overview:

Parameter for settings Parameters for readout

Rated Motor Power Par. 1-20 Energy Savings Par. 23-83

Power Reference Factor in % Par. 23-80 Actual Power Par. 16-10/11

Energy Cost per kWh Par. 23-81 Cost Savings Par. 23-84

Investment Par. 23-82

23-80  Power Reference Factor

Range: Function:
100 %*   [0 - 100 %] Set the percentage of the rated motor size (set in par.1-20 Motor Power [kW] or par.1-21 Motor

Power [HP]) which is supposed to represent the average power yielded at the time running with

fixed speed (before upgrade with variable speed control).

Must be set to a value different from zero to start counting.

23-81  Energy Cost

Range: Function:
1.00 N/A*   [0.00 - 999999.99 N/A] Set the actual cost for a kWh in local currency. If the energy cost is changed later on it will impact

the calculation for the entire period!

23-82  Investment

Range: Function:
0 N/A*   [0 - 999999999 N/A] Set the value of the investment spent on upgrading the plant with speed control, in same currency

as used in par.23-81 Energy Cost.

23-83  Energy Savings

Range: Function:
0 kWh*   [0 - 0 kWh] This parameter allows a readout of the accumulated difference between the reference power and

the actual output power.

If motor size set in Hp (par.1-21 Motor Power [HP]), the equivalent kW value will be used for the

Energy Savings.

23-84  Cost Savings

Range: Function:
0 N/A*   [0 - 2147483647 N/A] This parameter allows a readout of the calculation based on the above equation (in local currency).
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2.21 Main Menu - Cascade Controller - Group 25

2.21.1 25-** Cascade Controller

Parameters for configuring the Basic Cascade Controller for sequence control of multiple pumps. For a more application oriented description and wiring

examples, see section Application Examples, Basic Cascade Controller.

To configure the Cascade Controller to the actual system and the desired control strategy, it is recommended to follow the below sequence, starting with

par. 25-0* System Settings and next par. 25-5* Alternation Settings. These parameter can normally be set in advance.

Parameters in 25-2* Bandwidth Settings and 25-4* Staging settings, will often be dependent on the dynamic of the system and final adjustment to be

done at the commissioning of the plant.

NB!

The Cascade Controller is supposed to operate in closed loop controlled by the built-in PI controller (Closed Loop selected in Configu-

ration Mode, par.1-00 Configuration Mode). If Open Loop is selected in par.1-00 Configuration Mode, all fixed speed pumps will be

destaged, but the variable speed pump will still be controlled by the frequency converter, now as an open loop configuration:
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2.21.2 25-0* System Settings

Parameters related to control principles and configuration of the system.

25-00  Cascade Controller

Option: Function:
For operation of multiple devices (pump/fan) systems where capacity is adapted to actual load by

means of speed control combined with on/off control of the devices. For simplicity only pump sys-

tems are described.

[0] * Disabled The Cascade Controller is not active. All built-in relays assigned to pump motors in the cascade

function will be de-energized. If a variable speed pump is connected to the frequency converter

directly (not controlled by a built-in relay); this pump/fan will be controlled as a single pump system.

[1] Enabled

25-02  Motor Start

Option: Function:
Motors are connected to the mains directly with a contactor or with a soft starter. When the value

of par.25-02 Motor Start is set to an option other than Direct on Line [0], then par.25-50 Lead Pump

Alternation is automatically set to the default of Direct on Line [0].

[0] * Direct on Line Each fixed speed pump is connected to line directly via a contactor.

[1] Soft Starter Each fixed speed pump is connected to line via a soft starter.

25-04  Pump Cycling

Option: Function:
To provide equal hours of operation with fixed speed pumps, the pump use can be cycled. The

selection of pump cycling is either “first in – last out” or equal running hours for each pump.

[0] * Disabled The fixed speed pumps will be connected in the order 1 – 2 and disconnected in the order 2 – 1.

(First in – last out).

[1] Enabled The fixed speed pumps will be connected/disconnected to have equal running hours for each pump.

25-05  Fixed Lead Pump

Option: Function:
Fixed Lead Pump means that the variable speed pump is connected directly to the frequency con-

verter and if a contactor is applied between frequency converter and pump, this contactor will not

be controlled by the frequency converter.

If operating with par.25-50 Lead Pump Alternation set to other than Off[0], this parameter must be

set to No [0].

[0] No The lead pump function can alternate between the pumps controlled by the two built in relays. One

pump must be connected to the built-in RELAY 1, and the other pump to RELAY 2. The pump

function (Cascade Pump1 and Cascade Pump2) will automatically be assigned to the relays (maxi-

mum two pumps can in this case be controlled from the frequency converter).

[1] * Yes The lead pump will be fixed (no alternation) and connected directly to the frequency converter. The

par.25-50 Lead Pump Alternation is automatically set to Off [0]. Built-in relays Relay 1 and Relay 2

can be assigned to separate fixed speed pumps. In total three pumps can be controlled by the

frequency converter.
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25-06  Number of Pumps

Range: Function:
2 N/A*   [2 - 9. N/A] The number of pumps connected to the Cascade Controller including the variable speed pump. If

the variable speed pump is connected directly to the frequency converter and the other fixed speed

pumps (lag pumps) are controlled by the two built in relays, three pumps can be controlled If both

the variable speed and fixed speed pumps are to be controlled by built-in relays, only two pumps

can be connected.

If par.25-05 Fixed Lead Pump, Fixed Lead Pump, is set to No [0]: one variable speed pump and one

fixed speed pump; both controlled by built in relay. If par.25-05 Fixed Lead Pump, Fixed Lead

Pump, is set to Yes [1]: one variable speed pump and one fixed speed pump controlled by built-in

relay.

One lead pump, see par.25-05 Fixed Lead Pump. Two fixed speed pumps controlled by built-in

relays.

 

2.21.3 25-2* Bandwidth Settings

Parameters for setting the bandwidth within which the pressure will be allowed to operate before staging/destaging fixed speed pumps. Also includes

various timers to stabilize the control.

25-20  Staging Bandwidth

Range: Function:
10 %*   [1 - par. 25-21 %] Set the staging bandwidth (SBW) percentage to accommodate normal system pressure fluctuation.

In cascade control systems, to avoid frequent switching of fixed speed pumps, the desired system

pressure is typically kept within a bandwidth rather than at a constant level.

The SBW is programmed as a percentage of par. 20-13 Minimum Reference/Feedb. and

par. 20-14 Maximum Reference/Feedb.. For example, if the set-point is 5 bar and the SBW is set to

10%, a system pressure between 4.5 and 5.5 bar is tolerated. No staging or de-staging will occur

within this bandwidth.

25-21  Override Bandwidth

Range: Function:
100 %*   [par. 25-20 - 100 %] When a large and quick change in the system demand occurs (such as a sudden water demand),

the system pressure rapidly changes and an immediate staging or destaging of a fixed speed pump

becomes necessary to match the requirement. The override bandwidth (OBW) is programmed to

override the staging/destaging timer (par.25-23 SBW Staging Delay and par.25-24 SBW Destaging

Delay) for immediate response.

The OBW must always be programmed to a higher value than the value set in Staging Bandwidth

(SBW), par.25-20 Staging Bandwidth. The OBW is a percentage of par.   and par.  .
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Setting the OBW too close to the SBW could defeat the purpose with frequent staging at momentary

pressure changes. Setting the OBW too high might lead to unacceptably high or low pressure in the

system while the SBW timers are running. The value can be optimized with increased familiarity

with the system. See par.25-25 OBW Time.

To avoid unintended staging during the commissioning phase and fine tuning of the controller,

initially leave the OBW at the factory setting of 100% (Off). When the fine tuning is completed, the

OBW should be set to the desired value. An initial value of 10% is suggested.

25-22  Fixed Speed Bandwidth

Range: Function:
par. 25-20

%*

  [par. 25-20 - par. 25-21 %] When the cascade control system is running normally and the frequency converter issues a trip

alarm, it is important to maintain the system head. The Cascade Controller does this by continuing

to stage/destage the fixed speed pump on and off. Due to the fact that keeping the head at the

setpoint would require frequent staging and destaging when only a fixed speed pump is running, a

wider Fixed Speed Bandwidth (FSBW) is used instead of SBW. It is possible to stop the fixed speed

pumps, in case of an alarm situation, by pressing the LCP OFF or HAND ON keys or if the signal

programmed for Start on digital input goes low.

In case the issued alarm is a trip-lock alarm then the Cascade Controller must stop the system

immediately by cutting out all the fixed speed pumps. This is basically the same as Emergency Stop

(Coast/Coast inverse Command) for the Cascade Controller.

25-23  SBW Staging Delay

Range: Function:
15 s*   [0 - 3000 s] Immediate staging of a fixed speed pump is not desirable when a momentary pressure drop in the

system exceeds the Staging Bandwidth (SBW). Staging is delayed by the length of time program-

med. If the pressure increases to within the SBW before the timer has elapsed, the timer is reset.

VLT® AQUA Drive Programming Guide 2 Parameter Description

MG.20.O4.02 - VLT® is a registered Danfoss trademark 215

  2

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 408 of 1072



25-24  SBW Destaging Delay

Range: Function:
15 s*   [0 - 3000 s] Immediate destaging of a fixed speed pump is not desirable when a momentary pressure increase

in the system that exceeds the Staging Bandwidth (SBW). Destaging is delayed by the length of

time programmed. If the pressure decreases to within the SBW before the timer has elapsed, the

timer is reset.

25-25  OBW Time

Range: Function:
10 s*   [0 - 300 s] Staging a fixed speed pump creates a momentary pressure peak in the system, which might exceed

the Override Bandwidth (OBW). It is not desirable to destage a pump in response to a staging

pressure peak. The OBW Time can be programmed to prevent staging until the system pressure

has stabilized and normal control established. Set the timer to a value that allows the system to

stabilize after staging. The 10 second factory setting is appropriate in most applications. In highly

dynamic systems, a shorter time may be desirable.

25-26  Destage At No-Flow

Option: Function:
The Destage at No-Flow parameter ensures that when a no-flow situation occurs, the fixed speed

pumps will be destaged one-by-one until the no-flow signal disappears. This requires that No Flow

Detection is active. See par. 22-2*.

If Destage at No-Flow is disabled the Cascade Controller does not change the normal behavior of

the system.

[0] * Disabled

[1] Enabled
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25-27  Stage Function

Option: Function:
If the Stage Function is set to Disabled [0], par.25-28 Stage Function Time will not be activated.

[0] Disabled

[1] * Enabled

25-28  Stage Function Time

Range: Function:
15 s*   [0 - 300 s] The Stage Function Time is programmed to avoid frequent staging of the fixed speed pumps. The

Stage Function Time starts if it is Enabled [1] by par.25-27 Stage Function, and when the variable

speed pump is running at Motor Speed High Limit, par.4-13 Motor Speed High Limit [RPM] or par.

4-14 Motor Speed High Limit [Hz], with at least one fixed speed pump in the stop position. When

the programmed value of the timer expires, a fixed speed pump is staged.

25-29  Destage Function

Option: Function:
The Destage Function ensures that the lowest numbers of pumps are running to save energy and

to avoid dead head water circulation in the variable speed pump. If the Destage Function is set to

Disabled [0], the par.25-30 Destage Function Time will not be activated.

[0] Disabled

[1] * Enabled

25-30  Destage Function Time

Range: Function:
15 s*   [0 - 300 s] The Destage Function Timer is programmable to avoid frequent staging/destaging of the fixed speed

pumps. The Destage Function Time starts when the adjustable speed pump is running at par.

4-11 Motor Speed Low Limit [RPM] or par.4-12 Motor Speed Low Limit [Hz], with one or more fixed

speed pumps in operation and system requirements satisfied. In this situation, the adjustable speed

pump contributes a little to the system. When the programmed value of the timer expires, a stage

is removed, avoiding dead head water circulation in the adjustable speed pump.

 

2.21.4 25-4* Staging Settings

Parameters determining conditions for staging/destaging the pumps.
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25-40  Ramp Down Delay

Range: Function:
10.0 s*   [0.0 - 120.0 s] When adding a fixed speed pump controlled by a soft starter, it is possible to delay the ramp down

of the lead pump until a preset time after the start of the fixed speed pump to eliminate pressure

surges or water hammer in the system.

Only to be used if Soft Starter [1] is selected in par.25-02 Motor Start.

25-41  Ramp Up Delay

Range: Function:
2.0 s*   [0.0 - 12.0 s] When removing a fixed speed pump controlled by a soft starter, it is possible to delay the ramp up

of the lead pump until a preset time after the stopping of the fixed speed pump to eliminate pressure

surges or water hammer in the system.

Only to be used if Soft Starter [1] is selected in par.25-02 Motor Start.

25-42  Staging Threshold

Range: Function:
0 %*   [0 - 100 %] When adding a fixed speed pump, in order to prevent an overshoot of pressure, the variable speed

pump ramps down to a lower speed. When the variable speed pump reaches the “Staging Speed”

the fixed speed pump is staged on. The Staging Threshold is used to calculate the speed of the

variable speed pump when the “cut-in point” of the fixed speed pump occurs. The calculation of the

Staging Threshold is the ratio of par.4-11 Motor Speed Low Limit [RPM] or par.4-12 Motor Speed

Low Limit [Hz], to the par.4-13 Motor Speed High Limit [RPM] or par.4-14 Motor Speed High Limit

[Hz], expressed in percent.

Staging Threshold must range from 
STAGE%

 =  LOW
HIGH  ×  100 %

to 100%, where nLOW is Motor Speed Low Limit and nHIGH is Motor Speed High Limit.

NB!

If the set-point is reached after staging before the variable speed pump reaches its minimum speed - the system will enter the state closed loop as

soon as the feedback pressure is crossing the set-point.
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25-43  Destaging Threshold

Range: Function:
0 %*   [0 - 100 %] When removing a fixed speed pump, in order to prevent an undershoot of pressure, the variable

speed pump ramps up to a higher speed. When the variable speed pump reaches the “Destaging

Speed” the fixed speed pump is destaged. The Destaging Threshold is used to calculate the speed

of the variable speed pump when the destaging of the fixed speed pump occurs. The calculation of

the Destaging Threshold is the ratio of par.4-11 Motor Speed Low Limit [RPM] or par.4-12 Motor

Speed Low Limit [Hz], to the par.4-13 Motor Speed High Limit [RPM] or par.4-14 Motor Speed High

Limit [Hz], expressed in percent.

Destaging Threshold must range from 
STAGE%

 =  LOW
HIGH  ×  100 %  to 100%, where nLOW is

Motor Speed Low Limit and nHIGH is Motor Speed High Limit.

NB!

If the set-point is reached after staging before the variable speed pump reaches its maximum speed - the system will enter the state closed loop as

soon as the feedback pressure is crossing the set-point.

25-44  Staging Speed [RPM]

Range: Function:
0 RPM*   [0 - 0 RPM] Readout of the below calculated value for Staging Speed When adding a fixed speed pump, in order

to prevent an overshoot of pressure, the variable speed pump ramps down to a lower speed. When

the variable speed pump reaches the “Staging Speed” the fixed speed pump is staged on. Staging

Speed calculation is based on par.25-42 Staging Threshold, and par.4-13 Motor Speed High Limit

[RPM].

Staging Speed is calculated with the following formula:

STAGE
 =  

HIGH
STAGE%

100

where nHIGH is Motor Speed High Limit and nSTAGE100% is the value of Staging Threshold.

25-45  Staging Speed [Hz]

Range: Function:
0.0 Hz*   [0.0 - 0.0 Hz] Readout of the below calculated value for Staging Speed When adding a fixed speed pump, in order

to prevent an overshoot of pressure, the variable speed pump ramps down to a lower speed. When

the variable speed pump reaches the “Staging Speed” the fixed speed pump is staged on. Staging

Speed calculation is based on par.25-42 Staging Threshold, and par.4-14 Motor Speed High Limit

[Hz].

Staging Speed is calculated with the following formula:

STAGE
 =  

HIGH
STAGE%

100  where nHIGH is Motor Speed High Limit and nSTAGE100% is the value of

Staging Threshold.
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25-46  Destaging Speed [RPM]

Range: Function:
0 RPM*   [0 - 0 RPM] Readout of the below calculated value for Destaging Speed. When removing a fixed speed pump,

in order to prevent an undershoot of pressure, the variable speed pump ramps up to a higher speed.

When the variable speed pump reaches the “Destaging Speed” the fixed speed pump is destaged.

Destaging Speed is calculated based on par.25-43 Destaging Threshold, and par.4-13 Motor Speed

High Limit [RPM].

Destaging Speed is calculated with the following formula:

DESTAGE
 =  

HIGH
DESTAGE%

100  where nHIGH is Motor Speed High Limit and nDESTAGE100% is the

value of Destaging Threshold.

25-47  Destaging Speed [Hz]

Range: Function:
0.0 Hz*   [0.0 - 0.0 Hz] Readout of the below calculated value for Destaging Speed. When removing a fixed speed pump,

in order to prevent an undershoot of pressure, the variable speed pump ramps up to a higher speed.

When the variable speed pump reaches the “Destaging Speed” the fixed speed pump is destaged.

Destaging Speed is calculated based on par.25-43 Destaging Threshold, and par.4-14 Motor Speed

High Limit [Hz].

Destaging Speed is calculated with the following formula:

DESTAGE
 =  

HIGH
DESTAGE%

100

where nHIGH is Motor Speed High Limit and nDESTAGE100% is the value of Destaging Threshold.

 

2.21.5 25-5* Alternation Settings

Parameters for defining the conditions for alternation of the variable speed pump (lead), if selected as part of the control strategy.
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25-50  Lead Pump Alternation

Option: Function:
Lead pump alternation equalizes the use of pumps by periodically changing the pump that is speed

controlled. This ensures that pumps are equally used over time. Alternation equalizes the usage of

pumps by always choosing the pump with the lowest number of used hours to stage on next.

[0] * Off No alternation of lead pump function will take place. It is not possible to set this parameter to options

other that Off [0] if par.25-02 Motor Start is set other than Direct on Line [0].

[1] At staging Alternation of the lead pump function will take place when staging another pump.

[2] At command Alternation of the lead pump function will take place at an external command signal or a pre-pro-

grammed event. See par.25-51 Alternation Event for available options.

[3] At staging or command Alternation of the variable speed (lead) pump will take place at staging or the “At Command” signal.

(See above.)

NB!

It is not possible to select other than Off [0] if par.25-05 Fixed Lead Pump is set to Yes [1].

25-51  Alternation Event

Option: Function:
This parameter is only active if the options At Command [2] or At Staging or Command [3] have

been selected in par.25-50 Lead Pump Alternation. If an Alternation Event is selected, the alternation

of lead pump takes place every time the event occurs.

[0] * External Alternation takes place when a signal is applied to one of the digital inputs on the terminal strip and

this input has been assigned to Lead Pump Alternation [121] in par. 5-1*, Digital Inputs.

[1] Alternation Time Interval Alternation takes place every time par.25-52 Alternation Time Interval, expires.

[2] Sleep Mode Alternation takes place each time the lead pump goes into sleep mode. par. 20-23 Setpoint 3 must

be set to Sleep Mode [1] or an external signal applied for this function.

[3] Predefined Time Alternation takes place at a defined time of the day. If par.25-54 Alternation Predefined Time, is

set, the alternation is carried out every day at the specified time. Default time is midnight (00:00

or 12:00AM depending on the time format).

25-52  Alternation Time Interval

Range: Function:
24 h*   [1 - 999 h] If Alternation Time Interval [1] option in par.25-51 Alternation Event, is selected, the alternation of

the variable speed pump takes place every time the Alternation Time Interval expires (can be

checked out in par.25-53 Alternation Timer Value).

25-53  Alternation Timer Value

Range: Function:
0 N/A*   [0 - 0 N/A] Readout parameter for the Alternation Time Interval value set in par.25-52 Alternation Time Inter-

val.

25-54  Alternation Predefined Time

Range: Function:
0 N/A*   [0 - 0 N/A] If optionPredefined Time [3] in par.25-51 Alternation Event, is selected, the variable speed pump

alternation is carried out every day at the specified time set in Alternation Predefined Time. Default

time is midnight (00:00 or 12:00AM depending on the time format).
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25-55  Alternate if Load < 50%

Option: Function:
If Alternation If Capacity <50% is enabled, the pump alternation can only occurs if the capacity is

equal to or below 50%. The capacity calculation is the ratio of running pumps (including the variable

speed pump) to the total number of available pumps (including variable speed pump, but not those

interlocked).

Capacity =  
NRUNNING
NTOTAL

 ×  100 %

For the Basic Cascade Controller all pumps are equal size.

[0] Disabled The lead pump alternation will take place at any pump capacity.

[1] * Enabled The lead pump function will be alternated only if the numbers of pumps running are providing less

than 50% of total pump capacity.

NB!

Only valid if par.25-50 Lead Pump Alternation is different from Off [0].

25-56  Staging Mode at Alternation

Option: Function:
[0] * Slow

[1] Quick This parameter is only active if the option selected in Lead Pump Alternation, par. 25-50, is different

from Off [0]

Two types of staging and destaging of pumps are possible. Slow transfer makes staging and de-

staging smooth. Quick Transfer makes staging and destaging as fast as possible; the variable speed

pump is just cut out (coasted).

Slow [0]: At alternation, the variable speed pump is ramped up to maximum speed and then ramped

down to a stand still.

Quick [1]: At alternation, the variable speed pump is ramped up to maximum speed and then coas-

ted to stand still.

The below examples show Alternation in both Quick and Slow configurations.

Illustration 2.7: Slow Configuration
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Illustration 2.8: Quick Configuration

25-58  Run Next Pump Delay

Range: Function:
0.1 s*   [0.1 - 5.0 s] This parameter is only active if the option selected in par.25-50 Lead Pump Alternation, is different

from Off [0].

This parameter sets the time between stopping the old variable speed pump and starting another

pump as a new variable speed pump. Refer to par. 25-56 Staging Mode at Alternation, the illustration

for description of staging and alternation.

25-59  Run on Mains Delay

Range: Function:
0.5 s*   [par. 25-58 - 5.0 s] This parameter is only active if the option selected in par.25-50 Lead Pump Alternation, is different

from Off [0].

This parameter sets the time between stopping the old variable speed pump and starting this pump

as a new fixed speed pump. Refer to par. 25-56 Staging Mode at Alternation, the illustration for

description of staging and alternation.

 

2.21.6 25-8* Status

Readout parameters informing about the operating status of the cascade controller and the pumps controlled.

25-80  Cascade Status

Range: Function:
0 N/A*   [0 - 0 N/A] Read out of the status of the Cascade Controller.

25-81  Pump Status

Range: Function:
0 N/A*   [0 - 0 N/A] Pump Status shows the status for the number of pumps selected in par.25-06 Number of Pumps.

It is a readout of the status for each of the pumps showing a string, which consists of pump number

and the current status of the pump.

Example: Readout is with the abbreviation like “1:D 2:O” This means that pump 1 is running and

speed controlled by the frequency converter and pump 2 is stopped.

25-82  Lead Pump

Range: Function:
0 N/A*   [0 - par. 25-06 N/A] Readout parameter for the actual variable speed pump in the system. The Lead Pump parameter is

updated to reflect the current variable speed pump in the system when an alternation takes place.

If no lead pump is selected (Cascade Controller disabled or all pumps interlocked) the display will

show NONE.
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25-83  Relay Status
Array [2]

Range: Function:
0 N/A*   [0 - 0 N/A] Read out of the status for each of the relays assigned to control the pumps. Every element in the

array represents a relay. If a relay is activated, the corresponding element is set to “On”. If a relay

is deactivated, the corresponding element is set to “Off”.

25-84  Pump ON Time
Array [2]

Range: Function:
0 h*   [0 - 2147483647 h] Readout of the value for Pump ON Time. The Cascade Controller has separate counters for the

pumps and for the relays that control the pumps. Pump ON Time monitors the “operating hours” of

each pump. The value of each Pump ON Time counter can be reset to 0 by writing in the parameter,

e.g. if the pump is replaced in case of service.

25-85  Relay ON Time
Array [2]

Range: Function:
0 h*   [0 - 2147483647 h] Readout of the value for Relay ON time. The Cascade Controller has separate counters for the pumps

and for the relays that control the pumps. Pump cycling is always done based on the relay counters,

otherwise it would always use the new pump if a pump is replaced and its value in par.25-84 Pump

ON Time is reset. In order to use par.25-04 Pump Cycling the Cascade Controller is monitoring the

Relay ON time.

25-86  Reset Relay Counters

Option: Function:
Resets all elements in par.25-85 Relay ON Time counters.

[0] * Do not reset

[1] Do reset

 

2.21.7 25-9* Service

Parameters used in case of service on one or more of the pumps controlled.

25-90  Pump Interlock
Array [2]

Option: Function:
In this parameter, it is possible to disable one or more of the fixed lead pumps. For example, the

pump will not be selected for staging on even if it is the next pump in the operation sequence. It is

not possible to disable the lead pump with the Pump Interlock command.

The digital input interlocks are selected as Pump 1-3 Interlock [130 – 132] in par. 5-1*, Digital

Inputs.

[0] * Off The pump is active for staging/destaging.

[1] On The Pump Interlock command is given. If a pump is running it is immediately destaged. If the pump

is not running it is not allowed to stage on.
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25-91  Manual Alternation

Range: Function:
0 N/A*   [0 - par. 25-06 N/A] Readout parameter for the actual variable speed pump in the system. The Lead Pump parameter is

updated to reflect the current variable speed pump in the system when an alternation takes place.

If no lead pump is selected (Cascade Controller disabled or all pumps interlocked) the display will

show NONE.
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2.22 Main Menu - Analog I/O Option MCB 109 - Group 26

2.22.1 Analog I/O Option MCB 109, 26-**

The Analog I/O Option MCB 109 extends the functionality of VLT® AQUA Drive FC 200 Series frequency converters, by adding a number of additional,

programmable analog inputs and outputs. This could be especially useful in control installations where the frequency converter may be used as decentral

I/O, obviating the need for an outstation and thus reducing cost. It also gives flexibility in project planning.

NB!

The maximum current for the analog outputs 0-10V is 1mA.

NB!

Where Live Zero Monitoring is used, it is important that any analog inputs not being used for the frequency controller, i.e. being used

as part of the Building Management System decentral I/O, should have their Live Zero function disabled.

Terminal Parameters Terminal Parameters Terminal Parameters

Analog inputs Analog inputs Relays

X42/1 26-00, 26-1* 53 6-1* Relay 1 Term 1, 2, 3 5-4*

X42/3 26-01, 26-2* 54 6-2* Relay 2 Term 4, 5, 6 5-4*

X42/5 26-02, 26-3*

Analog outputs Analog output

X42/7 26-4* 42 6-5*

X42/9 26-5*     

X42/11 26-6*

Table 2.4: Relevant parameters

It is also possible to read the analog inputs, write to the analog outputs and control the relays, using communication via the serial bus. In this instance,

these are the relevant parameters.

Terminal Parameters Terminal Parameters Terminal Parameters

Analog inputs (read) Analog inputs (read) Relays

X42/1 18-30 53 16-62 Relay 1 Term 1, 2, 3 16-71

X42/3 18-31 54 16-64 Relay 2 Term 4, 5, 6 16-71

X42/5 18-32

Analog outputs (write) Analog output

X42/7 18-33 42 6-63 NOTE! The relay outputs must be enabled via

Control Word Bit 11 (Relay 1) and Bit 12 (Relay

2)

X42/9 18-34   

X42/11 18-35

Table 2.5: Relevant parameters

Setting of on-board Real Time Clock.

The Analog I/O option incorporates a real time clock with battery back-up. This can be used as back up of the clock function included in the frequency

converter as standard. See section Clock Settings, par 0-7*.

The Analog I/O option can be used for the control of devices such as actuators or valves, using the Extended Closed loop facility, thus removing control

from the existing control system. See section Parameters: Ext. Closed Loop – FC 200 par 21-**. There are three independent closed loop PID controllers.
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26-00  Terminal X42/1 Mode

Option: Function:
Terminal X42/1 can be programmed as an analog input accepting a voltage or input from either

Pt1000 (1000 Ω at 0°C) or Ni 1000 (1000 Ω at 0°C) temperature sensors. Select the desired mode.

Pt 1000, [2] and Ni 1000 [4] if operating in Celsius - Pt 1000 [3] and Ni 1000 [5] if operating in

Fahrenheit.

Notice: If the input is not in use, it must be set for Voltage!

If set for temperature and used as feed back, the unit must be set for either Celsius or Fahrenheit

(par. 20-12 Reference/Feedback Unit, par.21-10 Ext. 1 Ref./Feedback Unit, par.21-30 Ext. 2 Ref./

Feedback Unit or par.21-50 Ext. 3 Ref./Feedback Unit).

[1] * Voltage

[2] Pt 1000 [°C]

[3] Pt 1000 [°F]

[4] Ni 1000 [°C]

[5] Ni 1000 [°F]

26-01  Terminal X42/3 Mode

Option: Function:
Terminal X42/3 can be programmed as an analog input accepting a voltage or input from either Pt

1000 or Ni 1000 temperature sensors. Select the desired mode.

Pt 1000, [2] and Ni 1000, [4] if operating in Celsius - Pt 1000, [3] and Ni 1000, [5] if operating in

Fahrenheit.

Notice: If the input is not in use, it must be set for Voltage!

If set for temperature and used as feed back, the unit must be set for either Celsius or Fahrenheit

(par. 20-12 Reference/Feedback Unit, par.21-10 Ext. 1 Ref./Feedback Unit, par.21-30 Ext. 2 Ref./

Feedback Unit or par.21-50 Ext. 3 Ref./Feedback Unit).

[1] * Voltage

[2] Pt 1000 [°C]

[3] Pt 1000 [°F]

[4] Ni 1000 [°C]

[5] Ni 1000 [°F]

26-02  Terminal X42/5 Mode

Option: Function:
Terminal X42/5 can be programmed as an analog input accepting a voltage or input from either Pt

1000 (1000 Ω at 0° C) or Ni 1000 (1000 Ω at 0° C) temperature sensors. Select the desired mode.

Pt 1000, [2] and Ni 1000, [4] if operating in Celsius - Pt 1000, [3] and Ni 1000, [5] if operating in

Fahrenheit.

Notice: If the input is not in use, it must be set for Voltage!

If set for temperature and used as feed back, the unit must be set for either Celsius or Fahrenheit

(par. 20-12 Reference/Feedback Unit, par.21-10 Ext. 1 Ref./Feedback Unit, par.21-30 Ext. 2 Ref./

Feedback Unit or par.21-50 Ext. 3 Ref./Feedback Unit).

[1] * Voltage

[2] Pt 1000 [°C]

[3] Pt 1000 [°F]

[4] Ni 1000 [°C]

[5] Ni 1000 [°F]

26-10  Terminal X42/1 Low Voltage

Range: Function:
0.07 V*   [0.00 - par. 6-31 V] Enter the low voltage value. This analog input scaling value should correspond to the low reference/

feedback value set in par.26-14 Term. X42/1 Low Ref./Feedb. Value.
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26-11  Terminal X42/1 High Voltage

Range: Function:
10.00 V*   [par. 6-30 - 10.00 V] Enter the high voltage value. This analog input scaling value should correspond to the high refer-

ence/feedback value set in par.26-15 Term. X42/1 High Ref./Feedb. Value.

26-14  Term. X42/1 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the low voltage value set in par.

26-10 Terminal X42/1 Low Voltage.

26-15  Term. X42/1 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the high voltage value set in par.

26-11 Terminal X42/1 High Voltage.

26-16  Term. X42/1 Filter Time Constant

Range: Function:
0.001 s*   [0.001 - 10.000 s] Enter the time constant. This is a first-order digital low pass filter time constant for suppressing

noise in terminal X42/1. A high time constant value improves dampening but also increases the time

delay through the filter. This parameter cannot be adjusted while the motor is running.

26-17  Term. X42/1 Live Zero

Option: Function:
This parameter makes it possible to enable the Live Zero monitoring. E.g. where the analog input

is a part of the frequency converter control, rather than being used as part of a decentral I/O system,

such as a Building Management System.

[0] Disabled

[1] * Enabled

26-20  Terminal X42/3 Low Voltage

Range: Function:
0.07 V*   [0.00 - par. 6-31 V] Enter the low voltage value. This analog input scaling value should correspond to the low reference/

feedback value set in par.26-24 Term. X42/3 Low Ref./Feedb. Value.

26-21  Terminal X42/3 High Voltage

Range: Function:
10.00 V*   [par. 6-30 - 10.00 V] Enter the high voltage value. This analog input scaling value should correspond to the high refer-

ence/feedback value set in par.26-25 Term. X42/3 High Ref./Feedb. Value.

26-24  Term. X42/3 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the low voltage value set in par.

26-20 Terminal X42/3 Low Voltage.

26-25  Term. X42/3 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the high voltage value set in par.

26-21 Terminal X42/3 High Voltage.
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26-26  Term. X42/3 Filter Time Constant

Range: Function:
0.001 s*   [0.001 - 10.000 s] Enter the time constant. This is a first-order digital low pass filter time constant for suppressing

noise in terminal X42/3. A high time constant value improves dampening but also increases the time

delay through the filter. This parameter cannot be adjusted while the motor is running.

26-27  Term. X42/3 Live Zero

Option: Function:
This parameter makes it possible to enable the Live Zero monitoring. E.g. where the analog input

is a part of the frequency converter control, rather than being used as part of a decentral I/O system,

such as a Building Management System.

[0] Disabled

[1] * Enabled

26-30  Terminal X42/5 Low Voltage

Range: Function:
0.07 V*   [0.00 - par. 6-31 V] Enter the low voltage value. This analog input scaling value should correspond to the low reference/

feedback value set in par.26-34 Term. X42/5 Low Ref./Feedb. Value.

26-31  Terminal X42/5 High Voltage

Range: Function:
10.00 V*   [par. 6-30 - 10.00 V] Enter the high voltage value. This analog input scaling value should correspond to the high refer-

ence/feedback value set in par.26-35 Term. X42/5 High Ref./Feedb. Value.

26-34  Term. X42/5 Low Ref./Feedb. Value

Range: Function:
0.000 N/A*   [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the low voltage value set in par.

26-30 Terminal X42/5 Low Voltage.

26-35  Term. X42/5 High Ref./Feedb. Value

Range: Function:
100.000 N/

A*

  [-999999.999 - 999999.999 N/A] Enter the analog input scaling value that corresponds to the high voltage value set in par.

26-21 Terminal X42/3 High Voltage.

26-36  Term. X42/5 Filter Time Constant

Range: Function:
0.001 s*   [0.001 - 10.000 s] Enter the time constant. This is a first-order digital low pass filter time constant for suppressing

noise in terminal X42/5. A high time constant value improves dampening but also increases the time

delay through the filter. This parameter cannot be adjusted while the motor is running.

26-37  Term. X42/5 Live Zero

Option: Function:
This parameter makes it possible to enable the Live Zero monitoring. E.g. where the analog input

is a part of the frequency converter control, rather than being used as part of a decentral I/O system,

such as a Building Management System.

[0] Disabled

[1] * Enabled

26-40  Terminal X42/7 Output

Option: Function:
Set the function of terminal X42/7 as an analog voltage output.

[0] * No operation
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[100] Output freq. 0-100

[101] Reference Min-Max

[102] Feedback +-200%

[103] Motor cur. 0-Imax

[104] Torque 0-Tlim

[105] Torque 0-Tnom

[106] Power 0-Pnom

[107] Speed 0-HighLim

[113] Ext. Closed Loop 1 : 0 - 100%, (0-20 mA)

[114] Ext. Closed Loop 2 : 0 - 100%, (0-20 mA)

[115] Ext. Closed Loop 3 : 0 - 100%, (0-20 mA)

[139] Bus ctrl. : 0 - 100%, (0-20 mA)

[141] Bus ctrl t.o. : 0 - 100%, (0-20 mA)

26-41  Terminal X42/7 Min. Scale

Range: Function:
0.00 %*   [0.00 - 200.00 %] Scale the minimum output of the selected analog signal at terminal X42/7, as a percentage of the

maximum signal level. E.g. if a 0 V (or 0 Hz) is desired at 25% of the maximum output value. Then

programme 25%. Scaling values up to 100% can never be higher than the corresponding setting

in par.26-42 Terminal X42/7 Max. Scale.

See principle graph for par.6-51 Terminal 42 Output Min Scale.

26-42  Terminal X42/7 Max. Scale

Range: Function:
100.00 %*   [0.00 - 200.00 %] Scale the maximum output of the selected analog signal at terminal X42/7. Set the value to the

maximum value of the voltage signal output. Scale the output to give a voltage lower than 10V at

full scale; or 10V at an output below 100% of the maximum signal value. If 10V is the desired output

current at a value between 0-100% of the full-scale output, programme the percentage value in the

parameter, i.e. 50% = 10V. If a voltage between 0 and 10V is desired at maximum output, calculate

the percentage as follows:

( 10V
desired maximum voltage ) x 100 %

i.e.

5V :  10V
5V  ×  100 %  =  200 %

See principle graph for par.6-52 Terminal 42 Output Max Scale.

26-43  Terminal X42/7 Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the level of terminal X42/7 if controlled by bus.

26-44  Terminal X42/7 Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the preset level of terminal X42/7.

In case of a bus timeout and a timeout function is selected in par.26-50 Terminal X42/9 Output the

output will preset to this level.

26-50  Terminal X42/9 Output

Option: Function:
Set the function of terminal X42/9.

[0] * No operation
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[100] Output freq. 0-100

[101] Reference Min-Max

[102] Feedback +-200%

[103] Motor cur. 0-Imax

[104] Torque 0-Tlim

[105] Torque 0-Tnom

[106] Power 0-Pnom

[107] Speed 0-HighLim

[113] Ext. Closed Loop 1 : 0 - 100%, (0-20 mA)

[114] Ext. Closed Loop 2 : 0 - 100%, (0-20 mA)

[115] Ext. Closed Loop 3 : 0 - 100%, (0-20 mA)

[139] Bus ctrl. : 0 - 100%, (0-20 mA)

[141] Bus ctrl t.o. : 0 - 100%, (0-20 mA)

26-51  Terminal X42/9 Min. Scale

Range: Function:
0.00 %*   [0.00 - 200.00 %] Scale the minimum output of the selected analog signal at terminal X42/9, as a percentage of the

maximum signal level. E.g. if a 0 V is desired at 25% of the maximum output value. Then programme

25%. Scaling values up to 100% can never be higher than the corresponding setting in par.

26-52 Terminal X42/9 Max. Scale.

See principle graph for par.6-51 Terminal 42 Output Min Scale.

26-52  Terminal X42/9 Max. Scale

Range: Function:
100.00 %*   [0.00 - 200.00 %] Scale the maximum output of the selected analog signal at terminal X42/9. Set the value to the

maximum value of the voltage signal output. Scale the output to give a voltage lower than 10V at

full scale; or 10V at an output below 100% of the maximum signal value. If 10V is the desired output

current at a value between 0-100% of the full-scale output, programme the percentage value in the

parameter, i.e. 50% = 10V. If a voltage between 0 and 10V is desired at maximum output, calculate

the percentage as follows:

( 10V
desired maximum voltage )x100 %

i.e.

5V : 10V
5V x100 % = 200 %

See principle graph for par.6-52 Terminal 42 Output Max Scale.

26-53  Terminal X42/9 Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the level of terminal X42/9 if controlled by bus.

26-54  Terminal X42/9 Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the preset level of terminal X42/9.

In case of a bus timeout and a timeout function is selected in par.26-60 Terminal X42/11 Output

the output will preset to this level.

26-60  Terminal X42/11 Output

Option: Function:
Set the function of terminal X42/11.

[0] * No operation
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[100] Output freq. 0-100

[101] Reference Min-Max

[102] Feedback +-200%

[103] Motor cur. 0-Imax

[104] Torque 0-Tlim

[105] Torque 0-Tnom

[106] Power 0-Pnom

[107] Speed 0-HighLim

[113] Ext. Closed Loop 1 : 0 - 100%, (0-20 mA)

[114] Ext. Closed Loop 2 : 0 - 100%, (0-20 mA)

[115] Ext. Closed Loop 3 : 0 - 100%, (0-20 mA)

[139] Bus ctrl. : 0 - 100%, (0-20 mA)

[141] Bus ctrl t.o. : 0 - 100%, (0-20 mA)

26-61  Terminal X42/11 Min. Scale

Range: Function:
0.00 %*   [0.00 - 200.00 %] Scale the minimum output of the selected analog signal at terminal X42/11, as a percentage of the

maximum signal level. E.g. if a 0 V is desired at 25% of the maximum output value. Then programme

25%. Scaling values up to 100% can never be higher than the corresponding setting in par.

26-62 Terminal X42/11 Max. Scale.

See principle graph for par.6-51 Terminal 42 Output Min Scale.

26-62  Terminal X42/11 Max. Scale

Range: Function:
100.00 %*   [0.00 - 200.00 %] Scale the maximum output of the selected analog signal at terminal X42/9. Set the value to the

maximum value of the voltage signal output. Scale the output to give a voltage lower than 10V at

full scale; or 10V at an output below 100% of the maximum signal value. If 10V is the desired output

current at a value between 0-100% of the full-scale output, programme the percentage value in the

parameter, i.e. 50% = 10V. If a voltage between 0 and 10V is desired at maximum output, calculate

the percentage as follows:

( 10V
desired maximum voltage )x100 %

i.e.

5V : 10V
5V x100 % = 200 %

See principle graph for par.6-52 Terminal 42 Output Max Scale.

26-63  Terminal X42/11 Bus Control

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the level of terminal X42/11 if controlled by bus.

26-64  Terminal X42/11 Timeout Preset

Range: Function:
0.00 %*   [0.00 - 100.00 %] Holds the preset level of terminal X42/11.

In case a bus time-out and a time-out function are selected, the output will preset to this level.
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2.23 Main menu – Water application – Group 29

2.23.1 Water Application Functions, 29-**

The group contains parameters used for monitoring water / wastewater applications.

 

2.23.2 Pipe Fill function, 29-0*

In water supply systems water hammering can occur when filling the pipes too fast. It is therefore desirable to limit the filling rate. Pipe Fill Mode eliminates

the occurrence of water hammering associated with the rapid exhausting of air from the piping system by filling the pipes at a low rate.

This function is used in horizontal, vertical and mixed piping systems. Due to the fact that the pressure in horizontal pipe systems does not climb as the

system fills, filling horizontal pipe systems requires a user specified speed to fill, for a user specified time and/or until a user specified pressure set-point

is reached.

The best way to fill a vertical pipe system is to use the PID function to ramp the pressure at a user specified rate between the motor speed low limit and

a user specified pressure.

The Pipe Fill function uses a combination of above to ensure a safe filling in any system.

No matter which system - the pipe fill-mode will start using the constant speed set in par. 29-01 until the pipe fill-time in par. 29-03 has expired, thereafter

filling will continue with the filling ramp set in par. 29-04 until the filling set-point specified in par. 29-05 is reached.

Illustration 2.9: Horizontal Pipe System

Illustration 2.10: Vertical Pipe System

29-00  Pipe Fill Enable

Option: Function:
[0] * Disabled Select Enabled to fill pipes at a user specified rate.

[1] Enabled Select Enabled to fill pipes with a user specified rate.
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29-01  Pipe Fill Speed [RPM]

Range: Function:
Speed Low

Limit*

  [Speed Low Limit - Speed High Lim-

it]

Set the filling speed for filling horizontal pipe systems. The speed can be selected in Hz or RPM

depending on the choices made in par. 4-11 / par. 4-13 (RPM) or in par. 4-12 / par. 4-14 (Hz).

29-02  Pipe Fill Speed [Hz]

Range: Function:
Motor

Speed Low

Limit*

  [Speed Low Limit - Speed High Lim-

it]

Set the filling speed for filling horizontal pipe systems. The speed can be selected in Hz or RPM

depending on the choices made in par. 4-11 / par. 4-13 (RPM) or in par. 4-12 / par. 4-14 (Hz).

29-03  Pipe Fill Time

Range: Function:
0 s*   [0 - 3600 s] Set the specified time for pipe filling of horizontal pipe systems.

29-04  Pipe Fill Rate

Range: Function:
0.001 units/

s*

  [0.001 – 999999.999 units/s] Specifies the filling rate in units/second using the PI controller. Filling rate units are feedback units/

second. This function is used for filling-up vertical pipe systems but will be active when the filling-

time has expired, no matter what , until the pipe fill-set-point set in par. 29-05 is reached.

29-05  Filled Setpoint

Range: Function:
0 s*   [0 – 999999,999 s] Specifies the Filled Set-point at which the Pipe Fill Function will be disabled and the PID controller

will take control. This function can be used both for horizontal and vertical pipe systems.
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2.24 Main Menu - Bypass Option - Group 31

2.24.1 31-** Bypass Option

Parameter group for the configuration of the electronically controlled bypass option board, MCO-104.

31-00  Bypass Mode

Option: Function:
[0] * Drive

[1] Bypass feature: Bypass Select the operating mode of the bypass:

[0] Drive: the motor is operated by the drive.

[1] Bypass: motor can be run at full speed in bypass mode.

31-01  Bypass Start Time Delay

Range: Function:
30 s*   [0 - 60 s] Set the time delay within the time when the bypass receives a run command and the time when it

starts the motor at full speed. A countdown timer will display time left.

31-02  Bypass Trip Time Delay

Range: Function:
0 s*   [0 - 300 s] Set the time delay within the time that the drive experiences an alarm that stops it and the time

when the motor is automatically switched to bypass control. If the time delay is set to zero, then a

drive alarm will not automatically switch the motor to bypass control.

31-03  Test Mode Activation

Option: Function:
[0] * Disabled

[1] Enabled [0] Disabled, means that the Test Mode is disabled.

[1] Enabled, means that the motor runs in bypass, while the drive can be tested in an open circuit.

In this mode the keypad will not control start/stop of the bypass.

31-10  Bypass Status Word

Range: Function:
0*   [0 - 65535] Views the status of the bypass as a hexadecimal value.

31-11  Bypass Running Hours

Range: Function:
0 hr*   [0 - 2147483647 hrs] Views the number of hours in which the motor has run in Bypass Mode. The counter can be reset

in par. 15-07. The value is saved, when the frequency converter is turned off.

31-19  Remote Bypass Activation

Option: Function:
[0] * Disabled

[1] Enabled Feature: Unknown.
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3 Parameter Lists

3.1 Parameter Options

3.1.1 Default settings 

Changes during operation:

”TRUE” means that the parameter can be changed while the frequency converter is in operation and “FALSE” means that the frequency converter must

be stopped before a change can be made.

4-Set-up:

'All set-up': the parameter can be set individually in each of the four set-ups, i. e. one single parameter can have four different data values.

’1 set-up’: data value will be the same in all set-ups.

SR:

Size related

N/A:

No default value available.

Conversion index:

This number refers to a conversion figure used when writing or reading by means of a frequency converter.

Conv. index 100 67 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6
Conv. factor 1 1/60 1000000 100000 10000 1000 100 10 1 0.1 0.01 0.001 0.0001 0.00001 0.000001

Data type Description Type
2 Integer 8 Int8
3 Integer 16 Int16
4 Integer 32 Int32
5 Unsigned 8 Uint8
6 Unsigned 16 Uint16
7 Unsigned 32 Uint32
9 Visible String VisStr
33 Normalized value 2 bytes N2
35 Bit sequence of 16 boolean variables V2
54 Time difference w/o date TimD
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Index

1
1-3* Adv. Motor Data 38

18-0* Maintenance Log 158

6
6-0* Analog I/o Mode 86

A
Ac Brake Max. Current 2-16 49

Acceleration Time 54

Access To Main Menu W/o Password 0-61 32

Access To Personal Menu W/o Password 0-66 32

Active Set-up 0-10 22

Actual Baud Rate 9-63 110

Actual Typecode String 15-45 148

Additional Non-working Days 0-83 34

Additional Working Days 0-82 34

Address 8-31 98

Aeo Minimum Magnetisation 14-41 140

Alarm Log 147

Alarm Log: Error Code 15-30 147

Alarm Log: Time 15-32 147

Alarm Log: Value 15-31 147

Alarm Word 16-90 156

Alarm Word 2 16-91 156

Alternate If Load < 50% 25-55 222

Alternation Event 25-51 221

Alternation Predefined Time 25-54 221

Alternation Time Interval 25-52 221

Alternation Timer Value 25-53 221

Analog I/o Option Mcb 109 265

Analog I/o Option Mcb 109, 26-** 226

Analog In X30/11 16-75 155

Analog In X30/12 16-76 155

Analog In/out 246

Analog Input 53 16-62 154

Analog Input 54 16-64 154

Analog Input Scaling Value 228

Analog Input X42/1 18-30 159

Analog Input X42/3 18-31 159

Analog Input X42/5 18-32 159

[Analog Out X30/8 Ma] 16-77 156

[Analog Out X42/11 V] 18-35 159

[Analog Out X42/7 V] 18-33 159

[Analog Out X42/9 V] 18-34 159

[Analog Output 42 Ma] 16-65 154

Application Functions 260

Array Index 10-30 117

Auto Derate 141

Auto Energy Optim. Ct 35

Auto Energy Optim. Vt 36

[Auto On] Key On Lcp 0-42 31

Automatic Motor Adaptation (ama) 1-29 38

Automatic Restart Time 14-21 137

B
Baud Rate 8-32 99

Baud Rate Select 10-01 113

Brake Check 2-15 49

Brake Energy /2 Min 16-33 152

Brake Energy /s 16-32 152

Brake Function 2-10 48
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Brake Power Limit (kw) 2-12 48

Brake Power Monitoring 2-13 48

Brake Resistor (ohm) 2-11 48

Brakes 242

Broken Belt Delay 22-62 193

Broken Belt Detection, 22-6* 192

Broken Belt Function 22-60 192

Broken Belt Torque 22-61 193

Bus Controlled 84

Bus Error Count 8-81 102

Bus Feedback 1 8-94 103

Bus Feedback 2 8-95 103

Bus Feedback 3 8-96 103

Bus Jog 1 Speed 8-90 102

Bus Jog 2 Speed 8-91 102

Bus Message Count 8-80 102

Bypass Mode, 31-00 235

Bypass Option 269

Bypass Running Hours, 31-11 235

[Bypass Speed From Hz] 4-61 62

[Bypass Speed From Rpm] 4-60 61

[Bypass Speed To Hz] 4-63 62

[Bypass Speed To Rpm] 4-62 62

Bypass Start Time Delay, 31-01 235

Bypass Status Word, 31-10 235

Bypass Trip Time Delay, 31-02 235

C
Can Fieldbus 249

Can Protocol 10-00 113

Cascade Controller 212, 213, 263

Cascade Ctl Option 266

Cascade Status 25-80 223

Changed Parameters (1) 9-90 112

Changed Parameters (2) 9-91 112

Changed Parameters (3) 9-92 112

Changed Parameters (5) 9-94 112

Changing A Group Of Numeric Data Values 17

Changing A Text Value 16

Changing Data 16

Changing Of Data Value 17

[Check Valve Ramp End Speed Hz] 3-87 56

[Check Valve Ramp End Speed Rpm] 3-86 55

Check Valve Ramp Time 3-85 55

Clock Fault 0-79 33

Clock Settings, 0-7* 32

Clockwise 58

Closed Loop Type 20-70 167, 171

Coasting 8

Coasting Select 8-50 100

Comm. And Options 247

Comm. Option Stw 16-84 156

Comparator Operand 13-10 123

Comparator Operator 13-11 124

Comparator Value 13-12 124

Configurable Status Word Stw 8-13 98

Configuration 98

Configuration Mode 1-00 35

Continuous Bin Data 23-61 209

Control Card Temp. 16-39 152

Control Profile 8-10 98

Control Site 8-01 96

Control Timeout Function 8-04 97

Control Timeout Time 8-03 96

Control Word 16-00 150

Controlword Source, 8-02 96

Cooling 44
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Cos Filter 1 10-20 117

Cos Filter 2 10-21 117

Cos Filter 3 10-22 117

Cos Filter 4 10-23 117

Cost Savings 23-84 211

Counter A 16-72 155

Counter B 16-73 155

Current Lim Ctrl, Filter Time 14-32 139

Current Lim Ctrl, Integration Time 14-31 139

Current Lim Ctrl, Proportional Gain 14-30 139

Current Limit Control, 14-3* 139

Current Limit, 4-18 59

Custom Readout 16-09 150

Custom Readout Max Value 0-32 29

Custom Readout Min Value 0-31 29

Custom Readout Unit 0-30 28

D
Data Log Settings 144

Data Readouts 254

Data Readouts 2 256

Date And Time Readout 0-89 34

Dc Brake Current 2-01 47

[Dc Brake Cut In Speed Rpm] 2-03 47

Dc Brake Select 8-52 100

Dc Braking Time 2-02 47

Dc Hold/preheat Current 2-00 47

Dc Link Voltage 16-30 152

Default Settings 237

Default Settings 17

Defined Parameters 15-92 149

Defined Parameters (1) 9-80 111

Defined Parameters (2) 9-81 111

Defined Parameters (3) 9-82 111

Defined Parameters (4) 9-83 111

Destage At No-flow 25-26 216

Destage Function 25-29 217

Destage Function Time 25-30 217

[Destaging Speed Hz] 25-47 220

[Destaging Speed Rpm] 25-46 220

Destaging Threshold 25-43 219

Devicenet 114

Devicenet And Can Fieldbus 113

Devicenet F Parameters 10-39 118

Devicenet Revision 10-32 118

Diagnosis Trigger 8-07 97

Digi Pot Reference 16-53 153

Digital & Relay Bus Control 5-90 84

Digital I/o Mode 5-00 63

Digital In/out 245

[Digital Output Bin] 16-66 154

Display Line 1.1 Small, 0-20 24

Display Line 1.2 Small, 0-21 27

Display Line 1.3 Small, 0-22 27

Display Line 2 Large, 0-23 27

Display Line 3 Large, 0-24 27

Display Mode 9

Display Mode - Selection Of Displayed Variables 9

Display Text 1 0-37 30

Display Text 2 0-38 30

Display Text 3 0-39 30

Drive Closed Loop, 20-** 160

Drive Identification 148

Drive Information 143

Dry Pump Delay 22-27 186

Dry Pump Function 22-26 186

Dst/summertime 0-74 33
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Dst/summertime End 0-77 33

Dst/summertime Start 0-76 33

E
Efficient Parameter Set-up For Water Applications 13

Electronic Thermal Overload 151

End Of Curve 192

End Of Curve Delay 22-51 192

End Of Curve Function 22-50 192

End-of-timeout Function 8-05 97

Energy Cost 23-81 211

Energy Log 204, 206

Energy Log Resolution 23-50 205

Energy Optimising, 14-4* 139

Energy Savings 23-83 211

Environment 140

Etr 151

Ext. 1 Dif. Gain Limit 21-24 176

Ext. 1 Differentation Time 21-23 175

Ext. 1 Feedback Source 21-14 174

[Ext. 1 Feedback Unit] 21-18 175

Ext. 1 Integral Time 21-22 175

Ext. 1 Maximum Reference 21-12 173

Ext. 1 Minimum Reference 21-11 173

Ext. 1 Normal/inverse Control 21-20 175

[Ext. 1 Output %] 21-19 175

Ext. 1 Proportional Gain 21-21 175

Ext. 1 Ref./feedback Unit 21-10 172

Ext. 1 Reference Source 21-13 174

[Ext. 1 Reference Unit] 21-17 174

Ext. 1 Setpoint 21-15 174

Ext. 2 Dif. Gain Limit 21-44 179

Ext. 2 Differentation Time 21-43 179

Ext. 2 Feedback Source 21-34 178

[Ext. 2 Feedback Unit] 21-38 178

Ext. 2 Integral Time 21-42 179

Ext. 2 Maximum Reference 21-32 177

Ext. 2 Minimum Reference 21-31 177

Ext. 2 Normal/inverse Control 21-40 178

[Ext. 2 Output %] 21-39 178

Ext. 2 Proportional Gain 21-41 178

Ext. 2 Ref./feedback Unit 21-30 176

Ext. 2 Reference Source 21-33 177

[Ext. 2 Reference Unit] 21-37 178

Ext. 2 Setpoint 21-35 178

Ext. 3 Dif. Gain Limit 21-64 182

Ext. 3 Differentation Time 21-63 182

Ext. 3 Feedback Source 21-54 181

[Ext. 3 Feedback Unit] 21-58 181

Ext. 3 Integral Time 21-62 182

Ext. 3 Maximum Reference 21-52 180

Ext. 3 Minimum Reference 21-51 180

Ext. 3 Normal/inverse Control 21-60 181

[Ext. 3 Output %] 21-59 181

Ext. 3 Proportional Gain 21-61 181

Ext. 3 Ref./feedback Unit 21-50 179

Ext. 3 Reference Source 21-53 180

[Ext. 3 Reference Unit] 21-57 181

Ext. 3 Setpoint 21-55 181

Ext. Closed Loop 258

Ext. Status Word 16-94 157

Ext. Status Word 2 16-95 157

Extended Cl Autotuning 170

External Interlock Delay 22-00 183

External Reference 16-50 153
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F
Fan Control 14-52 140

Fan Monitor 14-53 140, 141

Fc Closed Loop 257

Fc Information 252

Fc Port Ctw 1 16-85 156

Fc Port Ref 1 16-86 156

Fc Type, 15-40 148

Feedback & Setpoint 163

Feedback 1 Conversion, 20-01 161

Feedback 1 Source 20-00 160

[Feedback 1 Unit] 16-54 153

Feedback 2 Conversion 20-04 161

Feedback 2 Source 20-03 161

[Feedback 2 Unit] 16-55 153

Feedback 3 Conversion 20-07 162

Feedback 3 Source 20-06 162

[Feedback 3 Unit] 16-56 153

Feedback Function, 20-20 163

[Feedback Unit] 16-52 153

Feedback, 20-0* 160

Fieldbus Ctw 1 16-80 156

Fieldbus Ref 1 16-82 156

Filled Setpoint, 29-05 234

Final Ramp Time 3-88 56

Fire Mode Live Zero Timeout Function 6-02 87

Fixed Lead Pump 25-05 213

Fixed Speed Bandwidth 25-22 215

Flow At Rated Speed 22-90 197

Flow Compensation 22-80 194

Flow Compensation, 22-8* 193

Flying Start 1-73 43

[Freq. Input #29 Hz] 16-67 155

[Freq. Input #33 Hz] 16-68 155

Frequency 16-13 151

[Frequency %] 16-15 151

Frequency Converter Ordering No 15-46 148

Frequency Converter Serial Number 15-51 149

Function At Inverter Overload, Par 14-61 142

Function At Mains Imbalance 14-12 137

Function At Overtemperature, Par 14-60 141

Function At Stop 1-80 43

Function Relay, 5-40 78

G
General Settings, 1-0* 35

Graphical Display 4

H
[Hand On] Key On Lcp 0-40 30

Heatsink Temp. 16-34 152

[High Speed Hz] 22-37 188

High Speed Load Compensation 1-61 42

[High Speed Power Hp] 22-39 188

[High Speed Power Kw] 22-38 188

[High Speed Rpm] 22-36 187

Historic Log 146

Historic Log: Event 15-20 147

Historic Log: Time 15-22 147

Historic Log: Value 15-21 147

How To Operate Graphical Lcp (glcp) 4

I
Indexed Parameters 17
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Indicator Lights (leds): 5

Initial Ramp Time, 3-84 55

Initialisation 17

Interval Between Starts 22-76 193

Inv. Max. Current 16-37 152

Inv. Nom. Current 16-36 152

Inv. Overload Derate Current 14-62 142

Inverter Thermal 16-35 152

Investment 23-82 211

Iron Loss Resistance (rfe) 1-36 39

It Mains 140

J
Jog Ramp Time 3-80 54

[Jog Speed Hz] 3-11 51

[Jog Speed Rpm] 3-19 53

K
Keypad, 0-4* 30

Kwh Counter 15-02 143

L
Language 0-01 20

Language Package 1 20

Language Package 2 20

Lcp 102 4

Lcp Copy 0-50 31

Lcp Id No 15-48 148

Lead Pump 25-82 223

Lead Pump Alternation 25-50 221

Leds 4

Lg-0# Maintenance Log 158

Limits / Warnings 244

Live Zero Timeout Function 6-01 86

Live Zero Timeout Time 6-00 86

Load/motor 240

Local Reference 21

Logging Buffer Full 16-40 152

Logging Interval 15-11 145

Logging Mode 15-13 146

Logging Source, 15-10 144

Logic Rule Boolean 1 13-40 125

Logic Rule Boolean 2 13-42 127

Logic Rule Boolean 3 13-44 129

Logic Rule Operator 1 13-41 127

Logic Rule Operator 2 13-43 129

Low Power Auto Set-up 22-20 185

Low Power Detection 22-21 185

Low Speed Detection 22-22 185

[Low Speed Hz] 22-33 187

Low Speed Load Compensation 1-60 41

[Low Speed Power Hp] 22-35 187

[Low Speed Power Kw] 22-34 187

[Low Speed Rpm] 22-32 187

M
Mac Id 10-02 113

Main Menu 19

Main Menu - Frequency Converter Information - Group 15 143

Main Menu Mode 6, 13

Main Menu Mode 15

Main Menu Password 0-60 32

Main Reactance 38

Main Reactance (xh) 1-35 39

Mains Failure 14-10 135
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Mains On/off 135

Mains Rfi Filter Circuit 140

Mains Voltage At Mains Fault 14-11 136

Maintenance Action 23-11 203

Maintenance Date And Time 23-14 204

Maintenance Item 23-10 202

Maintenance Log: Action 18-01 158

Maintenance Log: Date And Time 18-03 158

Maintenance Log: Item 18-00 158

Maintenance Log: Time 18-02 158

Maintenance Time Base 23-12 203

Maintenance Time Interval 23-13 203

Maintenance Word 16-96 157

Manual Alternation 25-91 225

Manual Initialisation 18

Max Output Frequency 4-19 59

Maximum Boost Time 22-46 192

Maximum Feedback Level 20-74 167, 171

Maximum Inter-char Delay 8-37 99

Maximum Limit 3-93 57

Maximum Reference 3-03 50

Maximum Response Delay 8-36 99

[Min Speed For Function At Stop Hz] 1-82 44

[Min Speed For Function At Stop Rpm] 1-81 44

[Min Speed Normal Magnetising Hz] 1-52 40

[Min Speed Normal Magnetising Rpm] 1-51 40

Minimum Aeo Frequency 14-42 140

Minimum Bin Value 23-65 210

Minimum Feedback Level 20-73 167, 171

Minimum Limit 3-94 57

Minimum Reference 3-02 50

Minimum Response Delay 8-35 99

Minimum Run Time 22-40 191, 193

Minimum Sleep Time 22-41 191

Missing Motor Phase Function 4-58 61

Modified Parameters 15-93 149

Motor Cosphi, 14-43 140

Motor Current 1-24 37, 151

Motor External Fan 1-91 45

Motor Frequency 1-23 36

Motor Magnetisation At Zero Speed 1-50 40

Motor Nominal Speed 1-25 37

Motor Poles 1-39 40

[Motor Power Hp] 1-21 36

[Motor Power Kw] 1-20 36

Motor Protection 44

Motor Rotation Check 1-28 37

Motor Speed Direction, 4-10 58

[Motor Speed High Limit Hz] 4-14 59

[Motor Speed High Limit Rpm] 4-13 58

[Motor Speed Low Limit Hz] 4-12 58

[Motor Speed Low Limit Rpm] 4-11 58

Motor Speed Unit 0-02 21

Motor Start 25-02 213

Motor Status 150

Motor Thermal 16-18 151

Motor Thermal Protection 1-90 44

Motor Voltage 1-22 36, 151

Motor Voltage, 1-22 36

My Personal Menu 0-25 27

N
Net Control 10-15 117

Net Reference 10-14 117

Nlcp 11

No Trip At Inverter Overload 141

Node Address 9-18 106
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No-flow Delay 22-24 186

No-flow Function 22-23 185

No-flow Power 22-30 187

Number Of Pumps 25-06 214

Number Of Starts 15-08 144

O
Obw Time 25-25 216

Occurrence 23-04 201

Off Action 23-03 200

Off Delay, Relay 5-42 80

Off Time 23-02 200

[Off] Key On Lcp 0-41 30

On Action 23-01 198

On Delay, Relay 5-41 79

On Reference Bandwidth 20-84 168

On Time 23-00 198

Operating Hours 15-00 143

Operating Mode 21

Operating State At Power-up 0-04 21

Operation Mode 14-22 138

Operation/display 238

Option Ident. 149

Option Mounted 15-60 149

Option Ordering No 15-62 149

Option Serial No 15-63 149

Option Sw Version 15-61 149

Ordered Typecode String 15-44 148

Over Temp's 15-04 143

Over Volt's 15-05 143

Overmodulation 14-03 134

Override Bandwidth 25-21 214

Over-voltage Control 2-17 49

P
Parameter Access 117

Parameter Edit 9-27 109

Parameter Info 149

Parameter Metadata 15-99 149

Parameter Options 237

Parameter Selection 15, 19

Parameter Set-up 13, 19

Parameters For Signals 9-23 107

Parity / Stop Bits 8-33 99

Pcd Read Configuration 9-16 104

Pcd Write Configuration 9-15 104

Period Start 23-51 206

Period Stop, 23-52 206

Personal Menu Password 0-65 32

Pid Anti Windup 20-91 169

Pid Autotuning 166

Pid Autotuning 20-79 167, 171

Pid Basic Settings 168

Pid Controller, 20-9* 168

Pid Diff. Gain Limit 20-96 169

Pid Differentiation Time, 20-95 169

Pid Integral Time 20-94 169

Pid Normal/inverse Control, 20-81 168

Pid Output Change 20-72 167, 171

Pid Performance 21-01 171

Pid Proportional Gain 20-93 169

[Pid Start Speed Hz] 20-83 168

[Pid Start Speed Rpm] 20-82 168

Pipe Fill Enable, 29-00 233

Pipe Fill Function, 29-0* 233

Pipe Fill Mode 233

Pipe Fill Rate, 29-04 234
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[Pipe Fill Speed Hz], 29-02 234

[Pipe Fill Speed Rpm], 29-01 233

Pipe Fill Time, 29-03 234

Power Card Ordering No 15-47 148

Power Card Serial Number 15-53 149

Power Correction Factor 22-31 187

[Power Hp] 16-11 151

[Power Kw] 16-10 150

Power Reference Factor 23-80 211

Power Restore 3-92 57

Power Section, 15-41 148

Power Up's 15-03 143

Precise Stop Counter 16-74 155

Preset Reference 3-10 50

Preset Reference Select 8-56 102

Preset Relative Reference 3-14 51

Pressure At No-flow Speed 22-87 197

Pressure At Rated Speed 22-88 197

Process Control 9-28 109

Process Data Config Read 10-12 115

Process Data Config Write 10-11 114

Process Data Type Selection 10-10 114

Profibus 248

Profibus Save Data Values 9-71 111

Profibus Warning Word 9-53 109

Profibusdrivereset 9-72 111

Profile Number 9-65 110

Programming Set-up 0-11 22, 110

Protocol, 8-30 98

Pulse Filter Time Constant #29 5-54 81

Pulse Filter Time Constant #33 5-59 81

Pulse Out #27 Bus Control 5-93 85

Pulse Out #27 Timeout Preset 5-94 85

Pulse Out #29 Bus Control 5-95 85

Pulse Out #29 Timeout Preset 5-96 85

Pulse Out #x30/6 Bus Control 5-97 85

Pulse Out #x30/6 Timeout Preset 5-98 85

Pulse Output Max Freq #27 5-62 83

Pulse Output Max Freq #29 5-65 83

Pulse Output Max Freq #x30/6 5-68 84

Pump Cycling 25-04 213

Pump Interlock 25-90 224

Pump On Time 25-84 224

Pump Status 25-81 223

Pwm Random 14-04 135

Q
Q3 Function Setups 14

Quick Menu 6, 13, 19

Quick Menu Mode 6, 13

Quick Transfer Of Parameter Settings Between Multiple Frequency Converters 8

R
Ramp 1 Ramp Down Time 3-42 54

Ramp 1 Ramp Up Time 3-41 54

Ramp 2 Ramp Down Time 3-52 54

Ramp 2 Ramp Up Time 3-51 54

Ramp Delay 3-95 57

Ramp Down Delay 25-40 218

Ramp Time 3-91 57

Ramp Up Delay 25-41 218

Readout Bus Off Counter 10-07 113

Readout Receive Error Counter 10-06 113

Readout Transmit Error Counter 10-05 113

Readout: Linked Set-ups 0-13 24

Readout: Prog. Set-ups / Channel 0-14 24

[Reference %] 16-02 150
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Reference / Ramps 243

Reference 1 Source 3-15 51

Reference 2 Source 3-16 52

Reference 3 Source 3-17 53

Reference Function 3-04 50

Reference Site 3-13 51

[Reference Unit] 16-01 150

Reference/feedback Unit, 20-12 162

Regional Settings 0-03 21

Relay On Time 25-85 224

[Relay Output Bin] 16-71 155

Relay Outputs 70

Relay Status 25-83 224

Remote Bypass Activation, 31-19 235

Reset 8

Reset Continuous Bin Data 23-66 210

Reset Control Timeout 8-06 97

Reset Energy Log 23-54 207

Reset Kwh Counter 15-06 143

Reset Maintenance Word 23-15 204

Reset Mode, 14-20 137

Reset Relay Counters 25-86 224

Reset Running Hours Counter 15-07 144

Reset Slc 13-03 123

Reset Timed Bin Data 23-67 210

[Reset] Key On Lcp 0-43 31

Resonance Dampening 1-64 42

Resonance Dampening Time Constant 1-65 42

Reversing Select 8-54 101

Rfi, 14-50 140

Run Next Pump Delay 25-58 223

Run On Mains Delay 25-59 223

Running Hours 15-01 143

S
Samples Before Trigger 15-14 146

Sbw Destaging Delay 25-24 216

Sbw Staging Delay 25-23 215

Semi-auto Bypass Set-up 4-64 62

Service Code 14-29 139

Set Date And Time, 0-70 32

Setpoint 1 20-21 165

Setpoint 2 20-22 165

Setpoint 3, 20-23 166

Setpoint Boost 22-45 191

Set-up Copy 0-51 31

Set-up Select 8-55 101

Short Cycle Protection 193

Sl Controller Action 13-52 132

Sl Controller Event 13-51 131

Sl Controller Mode 13-00 119

Sl Controller State 16-38 152

Sl Controller Timer 13-20 124

Slave Error Count 8-83 102

Slave Messages Rcvd 8-82 102

Sleep Mode, 22-4* 188

Slip Compensation 1-62 42

Slip Compensation Time Constant 1-63 42

Smart Logic 250

Software Version 3, 148

Special Functions 134, 251

[Speed At Design Point Hz] 22-86 197

[Speed At Design Point Rpm] 22-85 197

[Speed At No-flow Hz] 22-84 197

[Speed At No-flow Rpm] 22-83 197

[Speed Rpm] 16-17 151

Square-linear Curve Approximation 22-81 194
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Stage Function 25-27 217

Stage Function Time 25-28 217

Staging Bandwidth 25-20 214

[Staging Speed Hz] 25-45 219

[Staging Speed Rpm] 25-44 219

Staging Threshold 25-42 218

Start Current 1-76 43

Start Delay 1-71 43

Start Event 13-01 119

Start Select 8-53 101

[Start Speed Hz] 1-75 43

[Start Speed Rpm] 1-74 43

Stator Leakage Reactance 38

Stator Resistance (rs) 1-30 39

Status 6

Status Messages 4

Status Word 16-03 150

Step Size 3-90 56

Step-by-step 17

Stop Event 13-02 121

Store Always 10-33 118

Store Data Values 10-31 118

Sw Id Control Card 15-49 148

Sw Id Power Card 15-50 148

Switching Frequency 14-01 134

Switching Pattern 14-00 134

T
Telegram Selection 8-40 100, 106

Term X30/6 Digi Out (mcb 101) 5-32 73

Term X30/7 Digi Out (mcb 101) 5-33 75

Term. 29 High Frequency 5-51 81

Term. 29 High Ref./feedb. Value 5-53 81

Term. 29 Low Frequency 5-50 81

Term. 29 Low Ref./feedb. Value 5-52 81

Term. 33 High Frequency 5-56 81

Term. 33 High Ref./feedb. Value 5-58 81

Term. 33 Low Frequency 5-55 81

Term. 33 Low Ref./feedb. Value 5-57 81

Term. X30/11 Filter Time Constant 6-36 90

Term. X30/11 High Ref./feedb. Value 6-35 89

Term. X30/11 Low Ref./feedb. Value 6-34 89

Term. X30/12 Filter Time Constant 6-46 90

Term. X30/12 High Ref./feedb. Value 6-45 90

Term. X30/12 Low Ref./feedb. Value 6-44 90

Term. X42/1 Filter Time Constant 26-16 228

Term. X42/1 High Ref./feedb. Value 26-15 228

Term. X42/1 Live Zero 26-17 228

Term. X42/1 Low Ref./feedb. Value 26-14 228

Term. X42/3 Filter Time Constant 26-26 229

Term. X42/3 High Ref./feedb. Value 26-25 228

Term. X42/3 Live Zero 26-27 229

Term. X42/3 Low Ref./feedb. Value 26-24 228

Term. X42/5 Filter Time Constant 26-36 229

Term. X42/5 High Ref./feedb. Value 26-35 229

Term. X42/5 Live Zero 26-37 229

Term. X42/5 Low Ref./feedb. Value 26-34 229

Terminal 18 Digital Input 5-10 67

Terminal 27 Mode 5-01 63

Terminal 27 Pulse Output Variable 5-60 83

Terminal 29 Mode 5-02 63

Terminal 29 Pulse Output Variable 5-63 83

Terminal 32 Digital Input 5-14 68

Terminal 42 Output 6-50 91

Terminal 42 Output Bus Control 6-53 93

Terminal 42 Output Max Scale 6-52 92

Terminal 42 Output Min Scale 6-51 92
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Terminal 42 Output Timeout Preset 6-54 93

Terminal 53 Filter Time Constant 6-16 88

Terminal 53 High Current 6-13 87

Terminal 53 High Ref./feedb. Value 6-15 88

Terminal 53 High Voltage 6-11 87

Terminal 53 Low Current 6-12 87

Terminal 53 Low Ref./feedb. Value 6-14 88

Terminal 53 Low Voltage 6-10 87

Terminal 53 Switch Setting 16-61 154

Terminal 54 Filter Time Constant 6-26 89

Terminal 54 High Current 6-23 88

Terminal 54 High Ref./feedb. Value 6-25 89

Terminal 54 High Voltage 6-21 88

Terminal 54 Low Current 6-22 88

Terminal 54 Low Ref./feedb. Value 6-24 89

Terminal 54 Low Voltage 6-20 88

Terminal 54 Switch Setting 16-63 154

Terminal X30/11 High Voltage 6-31 89

Terminal X30/11 Low Voltage 6-30 89

Terminal X30/12 High Voltage 6-41 90

Terminal X30/12 Low Voltage 6-40 90

Terminal X30/6 Pulse Output Variable 5-66 84

Terminal X30/8 Max. Scale 6-62 95

Terminal X30/8 Min. Scale 6-61 94

Terminal X30/8 Output 6-60 94

Terminal X30/8 Output Bus Control 6-63 95

Terminal X30/8 Output Timeout Preset 6-64 95

Terminal X42/1 High Voltage 26-11 228

Terminal X42/1 Low Voltage 26-10 227

Terminal X42/1 Mode 26-00 227

Terminal X42/11 Bus Control 26-63 232

Terminal X42/11 Max. Scale 26-62 232

Terminal X42/11 Min. Scale 26-61 232

Terminal X42/11 Output 26-60 231

Terminal X42/11 Timeout Preset 26-64 232

Terminal X42/3 High Voltage 26-21 228

Terminal X42/3 Low Voltage 26-20 228

Terminal X42/3 Mode 26-01 227

Terminal X42/5 High Voltage 26-31 229

Terminal X42/5 Low Voltage 26-30 229

Terminal X42/5 Mode 26-02 227

Terminal X42/7 Bus Control 26-43 230

Terminal X42/7 Max. Scale 26-42 230

Terminal X42/7 Min. Scale 26-41 230

Terminal X42/7 Output 26-40 229

Terminal X42/7 Timeout Preset 26-44 230

Terminal X42/9 Bus Control 26-53 231

Terminal X42/9 Max. Scale 26-52 231

Terminal X42/9 Min. Scale 26-51 231

Terminal X42/9 Output 26-50 230

Terminal X42/9 Timeout Preset 26-54 231

Test Mode Activation, 31-03 235

Thermal Load 40, 151

Thermistor 44

Thermistor Source 1-93 45

This Set-up Linked To 0-12 22

Time Format 0-72 33

Time Zone Offset, 0-73 33

Timed Actions 198, 262

Timed Bin Data 23-62 209

Timed Period Start 23-63 209

Timed Period Stop 23-64 210

[Torque %] 16-22 151

Torque Characteristics, 1-03 35

Torque Limit Generator Mode 4-17 59

Torque Limit Motor Mode 4-16 59

[Torque Nm] 16-16 151

Trend Variable 23-60 208
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Trending 207

Trigger Event 15-12 145

Trip Delay At Inverter Fault 14-26 139

Trip Delay At Torque Limit 14-25 139

Trip Reset 137

U
U/f Characteristic - F 1-56 41

U/f Characteristic - U 1-55 40

V
Variable Torque 35

Voltage, 15-42 148

Vt Level 14-40 140

W
Wake-up Ref./fb Difference 22-44 191

[Wake-up Speed Hz] 22-43 191

[Wake-up Speed Rpm] 22-42 191

Warning Current High 4-51 60

Warning Current Low 4-50 60

Warning Feedback High 4-57 61

Warning Feedback Low 4-56 61

Warning Parameter 10-13 116

Warning Reference High 4-55 61

Warning Reference Low 4-54 61

Warning Speed High 4-53 60

Warning Speed Low 4-52 60

Warning Word 16-92 157

Warning Word 2 16-93 157

Water Application Functions 268

Water Application Functions, 29-** 233

Work Point Calculation 22-82 196

Working Days 0-81 33
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Ò P Ý»²¬»® ¦»®± ª±´¬¿¹»

Ð P Æ»®± ±ºº»¬ ª±´¬¿¹»

Î P Ô·ª» ¦»®± ½«®®»²¬

Í P Ô·ª» ¦»®± ª±´¬¿¹»

Ê P Ê±´¬ ÜÝ

É P Î»½¬·º·»¼ ª±´¬¿¹»

Ç P Û¨°¿²¼»¼ ½¿´» ßÝ

Æ P Û¨°¿²¼»¼ ½¿´» ÜÝ

î P î ¨ ±ª»®´±¿¼ ¿³³»¬»®

í P í ¨ ±ª»®´±¿¼ ¿³³»¬»®

ë P ïó°¸¿» îó©·®» ©¿¬¬

ê P ê ¨ ±ª»®´±¿¼ ¿³³»¬»®

è P íó°¸¿» íó©·®» ©¿¬¬

ç P íó°¸¿» ìó©·®» ©¿¬¬

ÒßÌ×ÑÒßÔ ÍÌßÒÜßÎÜ

ß P ßÒÍ× Ýíçòï

Þ P ÞÍ èç

Ù P Ü×Ò

× P ßÒÍ× º·¨·²¹ ½¿°¬·±²

Ö P Ö¿°¿²»» ·²¬®«³»²¬

Í¬¿²¼¿®¼

×ÒÐËÌ ÑÎ
ÓÑÊÛÓÛÒÌ ÎßÌ×ÒÙ

Ôß P ïß

ÔÍ P ëß

ÐÆ P ïëðÊ

ÎÈ P íððÊ

ÍÖ P êððÊ

ÐÒ P ïîðÊ

ÎÐ P îìðÊ

ÍÛ P ìèðÊ

ÏÏ P ïîðÊ ëß

ÏÍ P îìðÊ ëß

ÏÌ P ìèðÊ ëß »¬½

ÍÝßÔ×ÒÙ ÑÎ ÑËÌÐËÌ

ÞÈ P Ê±´¬ º®»» ®»´¿§ ½±²¬¿½¬

Úß P ï³ß

ØÙ P ìñîð³ß

ÐÕ P ðñïðð

ÐÆ P ðñïëð

ÎÔ P ðñîðð

ÎÈ P ðñíðð

ÍÝ P ðñìðð

ÍÖ P ðñêðð

ÍÍ P ðñïððð

ÌÓ P ðñîððð

ËÞ P ðñìððð

ËÖ P ðñëððð »¬½

ÍÇÍÌÛÓ
ÚÎÛÏËÛÒÝÇ

øßÝ Ó»¬»®÷

Ýì P ìððØ¦

Ýë P ëðØ¦

Ýê P êðØ¦

Ýé P ëðñêðØ¦

ÛÎîìì ðí ß Ù ÔÍ ÐÕ Ýê

Ì¸· ¹«·¼» · ²±¬ ·²½´«·ª» ±º ¿´´ ½¿¬¿´±¹«» ²«³¾»® ¿²¼ ¸±«´¼ ¾»
«»¼ º±® ®»º»®»²½» ±²´§ô ¿ ·³°®±°»® ½±³¾·²¿¬·±² ½¿² ¾» ¿½¸·»ª»¼ò

ÍÛÎ×ÛÍ

ðïê P Ú·»¬¿

ðéë P Í¸±®¬ó½¿» ©·¬½¸¾±¿®¼

ðéé P Í¬¿²¼¿®¼ ©·¬½¸¾±¿®¼

ðéè P Ø·ó¸±½µ »¿´»¼

ðéç P èíñìþ ©·¬½¸¾±¿®¼

ðèí P îþ »¿´»¼

ðèì P îïñîþ »¿´»¼

îìî P ìè³³ Ü×Ò

îìí P éî³³ Ü×Ò

îìì P çê³ Ü×Ò

îìê P ïìì³³ Ü×Ò

ÛîìîP ìè³³ ¸±®¬ó½¿´»

ÛîìíP éî³³ ¸±®¬ó½¿´»

ÛîììP çê³³ ¸±®¬ó½¿´»

ÑÐÌ×ÑÒÍ

×²¼·½¿¬» ¿
®»¯«·®»¼
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èî

Ù´±¿®§

Ù´±¿®§ ±º Ì»®³

Ó× Ó±ª·²¹ ·®±²ô ¿´± ½¿´´»¼ L·®±² ª¿²»K ·² ¬¸» Ò±®¬¸ ß³»®·½¿² ³¿®µ»¬ º±® ³»¿«®·²¹ ßÝ ¿³° ¿²¼ ª±´¬ò

ÓÝ Ó±ª·²¹ ½±·´ º±® ³»¿«®·²¹ ÜÝ ¿³° ¿²¼ ª±´¬ò

Ì¿«¬ ¾¿²¼ «°»²·±² ß ³»¬»® ³±ª»³»²¬ ¸»´¼ «²¼»® ¬»²·±²ô ««¿´´§ ±² ¿ ´·¹¿³»²¬ò
³±ª»³»²¬

Ô·¹¿³»²¬ Ì¸» ¬¿«¬ ¾¿²¼ò

Ð·ª±¬ ¿²¼ ¶»©»´´ øÐúÖ÷ ß ³±ª»³»²¬ ©¸·½¸ ®±¬¿¬» ±² ¿ °·²¼´»ô ¿²¼ °·ª±¬ ©·¬¸·² ¿² ±·´ º·´´»¼ ¶»©»´ò Ì¸· ¬§°» ±º ³±ª»³»²¬
¬§°·½¿´´§ ±ºº»® »¨½»´´»²¬ ª·¾®¿¬·±² ®»·¬¿²½» ½¸¿®¿½¬»®·¬·½ò

Í¸±®¬ó½¿´» ß²¹´» ±º ¼»º´»½¬·±² º±® ¿ ³±ª»³»²¬ · ««¿´´§ çð ¼»¹®»» ¾«¬ ßÒÍ× · ïðð ¼»¹®»» ·² ±³» °®±¼«½¬ò

Ô±²¹ó½¿´» ß²¹´» ±º ¼»º´»½¬·±² º±® ¿ ³±ª»³»²¬ · ««¿´´§ îìð ¼»¹®»» ¾«¬ · º®»¯«»²¬´§ ®»º»®®»¼ ¬± ¿ îéð ¼»¹®»»ò

ÚÍÜ Ú«´´ ½¿´» ¼»º´»½¬·±²ò

ÛÍ Û²¼ ½¿´»ò

×²°«¬ Û´»½¬®·½¿´ ª¿´«» º®±³ ©¸·½¸ ¬¸» ³»¿«®»³»²¬ · ¼»®·ª»¼ ¬± ¿½¸·»ª» ¬¸» º«´´ ½¿´» ¼»º´»½¬·±² ±º
¬¸» ³±ª»³»²¬ò

Ô·²»¿® ß ¬»®³ «»¼ ¬± ¬¿¬» ¬¸¿¬ ¬¸» ·²°«¬ · ½±²¬¿²¬ô ¿´´±©·²¹ º±® ¿² »ª»² ½¿´·²¹ò

Ò±² ´·²»¿® Ì¸» ±°°±·¬» ±º ´·²»¿®ô ¹·ª·²¹ ¿ ½¿´» ¸¿°» ©¸·½¸ ©·´´ ½®¿³° ¿¬ ±³» °±·²¬ ±² ¬¸» ¼·¿´ò Ë«¿´´§
·²¿½½«®¿¬» ¾»´±© îðû ±º ¬¸» º«´´ó½¿´» ª¿´«»ò

Ô±¹¿®·¬¸³·½ ½¿´·²¹ ß ´±¹ ½¿´» ««¿´´§ ¼»®·ª»¼ º®±³ ¿ ²±² ´·²»¿® ÜÝ ±«¬°«¬ò

Í½¿´» Ì¸» ¹®¿°¸·½¿´ ®»°®»»²¬¿¬·±² ±º ¬¸» ª¿´«» ¾»·²¹ ³»¿«®»¼ò

Ü«¿´ ¿®½ Ó±®» ¬¸¿² ±²» »¬ ±º º·¹«®» ±² ¿ ¼·¿´ °´¿¬»ò

Ü·¿´ °´¿¬»ñ½¿´» °´¿¬» Í«®º¿½» ±² ©¸·½¸ ¬¸» ¼·¿´ · ¼®¿©²ò

Ý¿´·¾®¿¬·±² ½¸¿®¬ ß ½¸¿®¬ ³¿¬½¸·²¹ ·²°«¬ ª¿´«» ¬± ½¿´» ³¿®µô ³¿·²´§ «»¼ º±® ½±³°´·½¿¬»¼ ½¿´»ò

Û²½´±«®» ®¿¬·²¹ Ë«¿´´§ »¨°®»»¼ ·² ¬¸» º±®³ ±º ×Ð ®¿¬·²¹ ±® ¿ ÒÛÓß ·² ß³»®·½¿ò Ì¸· ¬¿¬» ¬¸» °®±¼«½¬ô
®»·¬¿²½» ¬± ¬¸» ·²¹®» ±º ³±·¬«®» ¿²¼ ¼«¬ò

Ü×Ò Û«®±°»¿² ¬¿²¼¿®¼ ³»¬»® ¸¿°»ò ×¬ · ¾¿»¼ ±² ³«´¬·°´·» ±º îì³³ô ·ò»ò ìèô éîô çêô ïìì ³³ò

ßÒÍ× ß³»®·½¿² Ò¿¬·±²¿´ ×²¬®«³»²¬ Í¬¿²¼¿®¼ò

Ö×Í Ö¿°¿²»» ×²¬®«³»²¬ Í¬¿²¼¿®¼ò

ÞÍèç Ñ´¼ Þ®·¬·¸ Í¬¿²¼¿®¼ ««¿´´§ ®»º»® ¬± ®»½¬¿²¹«´¿® ³»¬»® ±® NÚ·»¬¿M ¬§´» °®±¼«½¬ò

Í©·¬½¸¾±¿®¼ ³»¬»® Ù»²»®¿´ ¬»®³ º±® ´±²¹ó½¿´» ·²¬®«³»²¬ò

Ð¿²»´ ³»¬»® Ù»²»®¿´ ²¿³» º±® ¸±®¬ó½¿´» ·²¬®«³»²¬ò

ß²¿´±¹«» ·²¼·½¿¬±® Ù»²»®·½ ¬»®³ º±® ·²¬®«³»²¬ ««¿´´§ ®»º»® ¬± ¿ ´±© ¿½½«®¿½§ ³»¬»®ò ß² ·²¼·½¿¬±® ±²´§ò
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ß´´ ±º ¬¸» ¿¾±ª» ·²º±®³¿¬·±²ô ·²½´«¼·²¹ ¼®¿©·²¹ô ·´´«¬®¿¬·±² ¿²¼ ¹®¿°¸·½ ¼»·¹²ô ®»º´»½¬ ±«® °®»»²¬ «²¼»®¬¿²¼·²¹
¿²¼ · ¬± ¬¸» ¾»¬ ±º ±«® µ²±©´»¼¹» ¿²¼ ¾»´·»º ½±®®»½¬ ¿²¼ ®»´·¿¾´»ò Ë»®ô ¸±©»ª»®ô ¸±«´¼ ·²¼»°»²¼»²¬´§ »ª¿´«¿¬» ¬¸»
«·¬¿¾·´·¬§ ±º »¿½¸ °®±¼«½¬ º±® ¬¸» ¼»·®»¼ ¿°°´·½¿¬·±²ò Ë²¼»® ²± ½·®½«³¬¿²½» ¼±» ¬¸· ½±²¬·¬«¬» ¿² ¿«®¿²½» ±º
¿²§ °¿®¬·½«´¿® ¯«¿´·¬§ ±® °»®º±®³¿²½»ò Í«½¸ ¿² ¿«®¿²½» · ±²´§ °®±ª·¼»¼ ·² ¬¸» ½±²¬»¨¬ ±º ±«® °®±¼«½¬ °»½·º·½¿¬·±²
±® »¨°´·½·¬ ½±²¬®¿½¬«¿´ ¿®®¿²¹»³»²¬ò Ñ«® ´·¿¾·´·¬§ º±® ¬¸»» °®±¼«½¬ · »¬ º±®¬¸ ·² ±«® ¬¿²¼¿®¼ ¬»®³ ¿²¼ ½±²¼·¬·±²
±º ¿´»ò Ð¿´¿¼·² ¿²¼ ÝÎÑÓÐÌÑÒ ¿®» ¬®¿¼»³¿®µ ±º Ý®±³°¬±² Ð¿®µ·²±² Ô¬¼ò ¿²¼ · «»¼ ¾§ Ì§½± Û´»½¬®±²·½
«²¼»® ´·½»²½»ò

Û²»®¹§ Ð®±¼«½¬ � »½±²±³·½¿´ ±´«¬·±² º±® ¬¸» »´»½¬®·½¿´ °±©»® ·²¼«¬®§æ ½¿¾´»
¿½½»±®·»ô ½±²²»½¬±® ú º·¬¬·²¹ô »´»½¬®·½¿´ »¯«·°³»²¬ô ·²¬®«³»²¬ô ´·¹¸¬·²¹
½±²¬®±´ô ·²«´¿¬±® ú ·²«´¿¬·±² »²¸¿²½»³»²¬ ¿²¼ «®¹» ¿®®»¬»®ò

Ì§½± Û´»½¬®±²·½ ËÕ Ô·³·¬»¼ô Ý®±³°¬±² ×²¬®«³»²¬
Ú®»»¾±«®²» Î±¿¼ô É·¬¸¿³ô Û»¨ô ÝÓè íßØô ËÕ
Ð¸±²»æ õõìì øð÷èéð èéð éëðð
Ú¿¨æ õõìì øð÷èéð îìð ëîèé
©©©ò¬§½±»´»½¬®±²·½ò½±³
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9

Analogue meters
Moving iron ammeters and voltmeters

General features
n Accuracy class 1.5
n 600 V operational voltage rating
n Insulation tested at 2 kV/min @ 50 Hz
n Operating temperature -25 to +50 °C
n Overload parameters:

Ammeters 1.2 x In cont., 10 x In for 5 sec.
Voltmeters 1.2 x Un cont., 2 x Un for 5 sec.

n Suitable for mounting on ferromagnetic materials
n Self-extinguishing housing
n IP 52 rated front frame
n Operates with ambient humidity rating 85 % without 

condensation at max. 35 °C for 60 days
n Vibration resistant with amplitude of 1-0.03 mm 

peak frequency on 3 axes @ 5-80 Hz (IEC 68-2-6)

Catalogue Number construction
RQ  96  E   ACT  5A  5X  100A

RQ = 90 degree 
pointer deflection

Frame size 48 mm2, 72 mm2, 
96 mm2

E = Moving iron instrument

Primary current
value of CT

5x overcurrent
measurement

CT secondary current,
5 A or 1 A

Ammeter, current transformer connected

RQ72E AAC 100A

Cat. No.Window size Price $
RQ48EAAC...

RQ72EAAC...

RQ96EAAC...

84.00

72.00

80.00

48 mm x 48 mm

72 mm x 72 mm

96 mm x 96 mm

90º AC ammeter - Direct connect
With 5x over-scale

Scale / input selection 1 A, 2.5 A, 5 A, 10 A,15 A, 20 A, 25 A, 30 A, 40 A, 50 A, 60 A, 80 A, 100 A

1

2

Ordering guide
Analogue meters can be ordered by constructing the Catalogue Number from tables      (meter type and size)
plus table      (scale / input). If the input is different from the scale, select it from table      and clearly
state when placing your order.

Example 1. To order a 90° AC ammeter – direct connect with a 96 mm x 96 mm window including a 10 A
scale and input:

Customer Order
1 x RQ96EAAC10A

Example 2. To order a 90° AC ammeter – CT connect with a 72 mm x 72 mm window with a 100 A scale and
a 5 A input: 

Customer Order
1 x RQ72EACT5A5X100A
Input: 5 A
Scale: 100 A

1
2 3

Ordering
Construct the Catalogue Number by selecting the meter from table      and adding the scale / input from
table      .

1
2

Price Schedule ‘Y8’
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9

RQT96N 5A 100A

RQTE72N 5A 100A

Maximum demand ammeters
n Accuracy class 1.5
n 5 A CT operation
n 1.2x overcurrent measurement
n Red slave indicator, peak measurement

n Nominal temperature range 0 - +40 ºC
n 15 minute delay time operation
n Thermal movement
n Knob resettable slave pointer
n Rated burden: approx 1.5 VA

Analogue meters
Maximum demand ammeters and hour run meters

Cat. No.Window size Price $
RQT72N5A...

RQT96N5A...
142.00

144.00

72 mm x 72 mm

96 mm x 96 mm

90º AC Maximum demand ammeter - CT connect, delay time 15 mins

Scale / input
selection

10 A, 12 A, 15 A, 20 A, 25 A, 30 A, 40 A, 50 A, 60 A, 75 A, 80 A, 100 A, 120 A,

150 A, 200 A, 250 A, 300 A, 400 A, 500 A, 600 A, 750 A, 800 A, 1 kA, 1.5 kA, 

1.6 kA, 2 kA, 2.5 kA, 3 kA, 4 kA, 

Cat. No. Window size Price $
RQTE72N5A...

RQTE96N5A...
210.00

210.00

72 mm x 72 mm

96 mm x 96 mm

Combined maximum demand ammeter - CT connect, delay time 15 mins
Instrument includes a dynamic ammeter pointer and scale

Scale / input
selection

10 A, 12 A, 15 A, 20 A, 25 A, 30 A, 40 A, 50 A, 60 A, 75 A, 80 A, 100 A, 120 A, 150 A,

200 A, 250 A, 300 A, 400 A, 500 A, 600 A, 750 A, 800 A, 1 kA, 2.5 kA, 3 kA, 4 kA

1

2

1

2

Ordering
Construct the Catalogue Number by selecting the meter from table       and adding the scale/ input from
table      . E.g. RQT72N5A50A

1
2

Ordering
Construct the Catalogue Number by selecting the meter from table      and adding the scale from table      .
E.g. RQTE96N5A1KA

1 2

88.00

170.00

177.00

Price $

80.00

143.00

158.00

67.00

127.00

152.00

65.50

127.00

152.00

Hour run meters
n 7 digit (2 decimal) with run indicator, non-resettable counter
n Front frame with flange for 50 mm circular cut-out on RQ48.0 models
n Faston, fork lug or 2 x 4 mm2 wire termination on RQ48.0 models

Cat. No.
Range

Price $
RQ480...

RQ720...

RQ960...

80.00

131.00

–

RQ48.0 240 V AC Voltage auxiliary range  24 V AC, 110 V AC, 240 V AC, 415 V AC, 10-80 V DC

Price $ Price $ Price $

24 V AC
50 Hz

110 V AC
50 Hz

240 V AC
50 Hz

415 V AC
50 Hz

10 - 80 
V DC

Window size
48 mm x 48 mm

72 mm x 72 mm

96 mm x 96 mm

1

2

Ordering
Construct the Catalogue Number by selecting the meter from table      and adding the voltage range from
table      .

1
2

E.g. RQ960240 V AC

Price Schedule ‘Y8’
Notes: Standard 5 A input from CT for all maximum demand ammeters.
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Price Schedule ‘Y8’
GST not included

9

NHP 250-50MV

NHP 300-50MV

NHP 400-50MV

NHP 500-50MV

NHP 600-50MV

NHP 800-50MV

NHP 1000-50MV

NHP 1200-50MV

NHP 1500-50MV

NHP 2000-50MV

-

NHP100-50 mV Shunt
NHP 10-50MV

NHP 20-50MV

NHP 30-50MV

NHP 40-50MV

NHP 50-50MV

NHP 60-50MV

NHP 75-50MV

NHP 80-50MV

NHP 100-50MV

NHP 150-50MV

NHP 200-50MV

10 A

20 A

30 A

40 A

50 A

60 A

75 A

80 A

100 A

150 A

200 A

Cat. No. 1) Output
89.00

89.00

89.00

89.00

89.00

89.00

89.00

89.00

89.00

89.00

132.00

Price $

132.00

132.00

187.00

310.00

320.00

530.00

580.00

680.00

690.00

820.00

–

Price $

250 A

300 A

400 A

500 A

600 A

800 A

1000 A

1200 A

1500 A

2000 A

Current
rating
Amps DC

Cat. No. 1)
Output

Current
rating
Amps DC

Shunts (50 mV)

Notes: 1) 75 mV shunts available on indent locally, P.O.A.  Replace 50 mV in Cat. No. with 75 mV when 
ordering shunt. Shunts available up to 12000 A, 75 mV on indent.
Available on indent only.

RQ48

AQ48

RQ72

AQ72

RQ96

AQ96

A

48 x 48

48 x 48

72 x 72

72 x 72

96 x 96

96 x 96

B

44.5 x 44.5

44.5 x 44.5

66.5 x 66.5

66.5 x 66.5

91 x 91

91 x 91

C

40

57.5

44

59

44

59

E

45

45

68

68

92

92

D

22

22

12

12

12

12

Weight (g)

100

200

150

300

210

400

Overall dimensions (mm) and weight – RQ/90° and AQ/240° Instruments

Cat. No.

RQ/90° RQ/90° AQ/240°

RQ72-96

Dimensions and shunts
Analogue meters

RQ48
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PB251 Series
2 7 5 - 3 3 0 W  B A T T E R Y  C H A R G E R / D C  U P S

Features
• Rugged converter for industrial applications

• Parallel operation to 2kW

• High isolation 4243VDC input to output, 2121VDC 
input to chassis

• input reverse polarity protection

• Overtemperature protection

• Adjustable output voltage

• DC OK alarm LED and voltage-free contact

• Low FR emissions

Specifications
INPUT
Voltage 190-265VAC or 225-400VDC.
Current 3.0A max.
Frequency 45-65Hz.
Efficiency 85% min.
Inrush current 10A max, cold start.
Isolation 4242VDC, 1 min, input-output.

2121VDC, 1 min, input-ground.
707VDC, 1 min, output-ground.

OUTPUT
Voltage See table.
Current See table.
Line regulation 0.2% typ.
Load regulation See table.
Ripple and noise See table.
Short circuit protection Indefinite (autoresetting).
Overtemperature shutdown 100°C typ (autoresetting).
Overload protection Battery electronic circuit breaker.
Battery reverse polarity Internal fuse.

DISPLAYS/ALARMS
DC OK LED (Green) ON=OK, voltage-free changeover

contact (32V, 1A). Alarm on loss of mains or failure of
AC/DC converter.

Battery OK LED (Green) ON=OK, voltage-free changeover
contact (32V, 1A). Alarm on battery low voltage or on
failure of battery fuse.

ENVIRONMENTAL
Operating temperature 0°C to +70°C.
Humidity 5-90% (non-condensing).
Cooling Natural convection.

GENERAL
Dimensions and weight -CM models: 264 x 172 x 67 mm (LxWxH). 1.9 kg.

-CM-H models: 264 x 186 x 67 mm  (LxWxH). 2.1 kg.
-RML models: 19” x 2RU x 232mm rack mount
enclosure.
483 x 88.1 x 250mm (WxHxD). 5.5 kg.

Weight

STANDARDS
Safety standard AS/NZS 60950, Class I.
EMC Complies with ACA EMC Scheme - C-Tick. Emissions

comply with AS/NZS CISPR11 Group 1, Class B.

MODEL OUTPUT OUTPUT OUTPUT EFFICIENCY LOAD RIPPLE
NUMBER POWER VOLTAGE CURRENT REGULATION & NOISE
PB251-12CM 220W 13.8V 16A 85% 0.5% 28mV
PB251-12CM-H 275W 13.8V 20A 85% 0.5% 28mV
PB251-24CM 300W 27.6V 11A 88% 0.5% 55mV
PB251-24CM-H 330W 27.6V 12A 88% 0.5% 55mV
PB251-12RML/PB251-12B 275W 13.8V 20A 85% 1.0% 28mV
PB251-24RML 330W 27.6V 12A 88% 1.0% 55mV
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PB251 Series
2 7 5 - 3 3 0 W  B A T T E R Y  C H A R G E R / D C  U P S

172.0

154.0

NOTES:
1.  Mounting Centres: Suitable for M4 Hardware

Standard: 165 x 80 mm
Alternate: 254 x 80 mm

2.  M3 threaded holes on bottom of base.
Standard: 130 x 80 mm centres
Alternate: 221 x 80 mm centres 

3. AC Mains: 10A Class 1 IEC60320 power inlet
4. Output and Battery: 4W Pluggable Screw Terminal Block

Suitable for up to 4 sq. mm wire.
5. Alarms: 6W Pluggable Screw Terminal Block

Suitable for up to 1.5 sq. mm wire.

OUTPUT BATTERY

+ +- -

BAT OK DC OK
NC C NO NC C NO

BATTERY OK

DC OK

OUTPUT BATTERY
+ - + -

BAT OK DC OK
NC C NO NC C NO

OUTPUT / BATTERY 
TERMINATIONS

ALARM 
TERMINATIONS

186.0 (PB251-**CM-H Only)

12

3 4

PB251-12B OUTPUT & BATTERY CONNECTOR

PIN1: + OUTPUT

PIN2: - OUTPUT

PIN3: + BATTERY

PIN4: - BATTERY

6
7.0

62
.0

241.0
264.0

80.0 80.0 Standard Mounting

37
.0

80
.0

13
0.

0
12

.0

A
lte

rn
a t

e
M

ou
nt

in
g

16
5.

0

254.0

10.0
221.0

NO C NC NO C NC
DC OK BATT OK

+ + - - - +
LOAD BATTERY

PB251-**RML ALARM AND OUTPUT TERMINALS

NOTES:
1. 2RU x 19"  rack enclosure per IEC297
2.  Mounting slots are suitable for M6 hardware.
3. Input connector is a 10A Class 1 IEC60320 inlet.

5. PB251-12B alarm terminal is DB25 female.  

suitable for ring or fork lugs up to 8 mm wide.

6. PB251-12B output and battery connector is Hirose pn. HS28R-4A.
Mating connector is Hirose pn. HS28P-4A (not supplied).

4. 2 meter IEC mains cord with Australian plug is supplied with unit.

7. PB251-**RML alarm and output terminals are M3.5 screws

HEATSINK: PB251-**CM-H ONLY

TOP VIEW  

FRONT VIEW 

428.00 

23
2.

00
19

0.
00

REAR VIEW (PB251-**RML)

82
.0

0

DC OK

483.00 
465.50 

88
.1

0

POWER SUPPLY 

BATTERY OK 

76
.2

0V A

VOLTAGE LOAD CURRENT 

BATT 

LOAD

A

BATTERY CURRENT

+-

REAR VIEW (PB251-12B)

82
.0

0

12

3 4

PB251-12B ALARM CONNECTOR

PIN 1:  COMMON

PIN 6: DC OK (NC)

PIN 15: BATTERY OK (NO)

PB251-**CM (-H)

PB251-**RML-12B
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1 5 - 1 5 0  W A T T S  D C / D C  S I N G L E  O U T P U T

Specifications
INPUT
Input voltage 12VDC (9.2–16)

24VDC (19–32)
48VDC (38–63)
110VDC (85–140)

Inrush current 20A max. for 110V only

OUTPUT 

Output voltage See table

Voltage adjustment ±10%, ±5% for PBIH-F

Output current See table

Ripple & noise Output Volts x 1% + 50mV to -100mV pk-pk

Line regulation 0.8% over input range

Load regulation 0.9%, 0%–100% load

Temperature coefficient 0°C to 50°C, 0.03% per °C

Overvoltage protection O.V. clamp, PBIH-F
Output shutdown, PBIH-G, J, M, R – input must
be switched off for at least 30S to reactivate

Overcurrent protection Fold back – PBIH-F
Current limiting, PBIH-G, J, M, R (PBIH-R series is
adjustable); PBIH110xxR models are not
adjustable

Drift Output V x 0.5% + 15(mV) per 8 hrs after 1 hr
warm-up

Rise Time 200mS max. – PBIH-F, M, R
100mS max. – PBIH-G, J (at 25°C)

Holdup time 10mS (only 110V input)

Remote sense PBIH-R Series only

OPERATING 

Efficiency 70%–89%

Safety isolation (1 minute) Type – 12, 24, 48V input
Input – Output: 1500VAC
Input– Case: 1500VAC
Output– Case: 500VAC
Type– 110V input
Input– Output: 2000VAC
Input– Case: 2000VAC
Output– Case: 500VAC

Insulation resistance 50M  (500VDC) Input – Case

Parallel operation Consult sales office for details

Remote control PBIH-R Series:
Open link: output normal
Short link: output off

ENVIRONMENTAL

Operating temperature 0°C to 50°C full load

Cooling Convection cooled

Storage temperature -20°C to +85°C

Humidity 85%

Shock 30G, PBIH-F, G and J

Vibration (5Hz–10Hz, 10mm),
(10Hz–50Hz) 2G, PBIH-F, G and J

STANDARDS AND APPROVALS

Safety Designed to UL1950

C-tick AS/NZS CISPR11 Group 1, Class A

MECHANICAL

Weight PBIH-F : 250g
PBIH-G : 380g
PBIH-J : 410g
PBIH-M : 800g
PBIH-R : 1.4kg

Features
• Wide selection of models
• 4 input voltage ranges
• High efficiency
• Low output ripple
• Proven reliability
• Good thermal margins
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PBIH Series
1 5 - 1 5 0  W A T T S  D C / D C  S I N G L E  O U T P U T

PBIH-F

MODEL
NUMBER

INPUT OUTPUT OUTPUT
POWER

PBIH-1205F 9.2-16V 5V 3A 15W

PBIH-1212F 9.2-16V 12V 1.2A 15W

PBIH-1215F 9.2-16V 15V 1A 15W

PBIH-1224F 9.2-16V 24V 0.62A 15W

PBIH-2405F 19-32V 5V 3A 15W

PBIH-2412F 19-32V 12V 1.2A 15W

PBIH-2415F 19-32V 15V 1A 15W

PBIH-2424F 19-32V 24V 0.62A 15W

PBIH-4805F 38-63V 5V 3A 15W

PBIH-4812F 38-63V 12V 1.2A 15W

PBIH-4815F 38-63V 15V 1A 15W

PBIH-4824F 38-63V 24V 0.62A 15W

PBIH-11005F 85-140V 5V 3A 15W

PBIH-11012F 85-140V 12V 1.2A 15W

PBIH-11015F 85-140V 15V 1A 15W

PBIH-11024F 85-140V 24V 0.62A 15W

PBIH-1205G 9.2-16V 5V 5A 25W

PBIH-1212G 9.2-16V 12V 2.1A 25W

PBIH-1215G 9.2-16V 15V 1.7A 25W

PBIH-1224G 9.2-16V 24V 1.1A 25W

PBIH-1248G 9.2-16V 48V 0.5A 25W

PBIH-2405G 19-32V 5V 5A 25W

PBIH-2412G 19-32V 12V 2.1A 25W

PBIH-2415G 19-32V 15V 1.7A 25W

PBIH-2424G 19-32V 24V 1.1A 25W

PBIH-2448G 19-32V 48V 0.5A 25W

PBIH-4805G 38-63V 5V 5A 25W

PBIH-4812G 38-63V 12V 2.1A 25W

PBIH-4815G 38-63V 15V 1.7A 25W

PBIH-4824G 38-63V 24V 1.1A 25W

PBIH-4848G 38-63V 48V 0.5A 25W

PBIH-11005G 85-140V 5V 5A 25W

MODEL
NUMBER

INPUT OUTPUT OUTPUT
POWER

PBIH-11012G 85-140V 12V 2.1A 25W

PBIH-11015G 85-140V 15V 1.7A 25W

PBIH-11024G 85-140V 24V 1.1A 25W

PBIH-11048G 85-140V 48V 0.5A 25W

PBIH-1205J 9.2-16V 5V 8A 50W

PBIH-1212J 9.2-16V 12V 3.3A 50W

PBIH-1215J 9.2-16V 15V 2.7A 50W

PBIH-1224J 9.2-16V 24V 1.7A 50W

PBIH-1248J 9.2-16V 48V 0.8A 50W

PBIH-2405J 19-32V 5V 10A 50W

PBIH-2412J 19-32V 12V 4.3A 50W

PBIH-2415J 19-32V 15V 3.4A 50W

PBIH-2424J 19-32V 24V 2.5A 50W

PBIH-2448J 19-32V 48V 1A 50W

PBIH-4805J 38-63V 5V 10A 50W

PBIH-4812J 38-63V 12V 4.3A 50W

PBIH-4815J 38-63V 15V 3.4A 50W

PBIH-4824J 38-63V 24V 2.5A 50W

PBIH-4848J 38-63V 48V 1A 50W

PBIH-11005J 85-140V 5V 10A 50W

PBIH-11012J 85-140V 12V 4.3A 50W

PBIH-11015J 85-140V 15V 3.4A 50W

PBIH-11024J 85-140V 24V 2.5A 50W

PBIH-11048J 85-140V 48V 1A 50W

PBIH-1205M 9.2-16V 5V 18A 100W

PBIH-1212M 9.2-16V 12V 9A 100W

PBIH-1215M 9.2-16V 15V 7A 100W

PBIH-1224M 9.2-16V 24V 4.5A 100W

PBIH-1248M 9.2-16V 48V 2A 100W

PBIH-2405M 19-32V 5V 20A 100W

PBIH-2412M 19-32V 12V 9A 100W

PBIH-2415M 19-32V 15V 7A 100W

MODEL
NUMBER

INPUT OUTPUT OUTPUT
POWER

PBIH-2424M 19-32V 24V 5A 100W

PBIH-2448M 19-32V 48V 2A 100W

PBIH-4805M 38-63V 5V 20A 100W

PBIH-4812M 38-63V 12V 9A 100W

PBIH-4815M 38-63V 15V 7A 100W

PBIH-4824M 38-63V 24V 5A 100W

PBIH-4848M 38-63V 48V 2A 100W

PBIH-11005M 85-140V 5V 20A 100W

PBIH-11012M 85-140V 12V 9A 100W

PBIH-11015M 85-140V 15V 7A 100W

PBIH-11024M 85-140V 24V 5A 100W

PBIH-11048M 85-140V 48V 2A 100W

PBIH-1205R 9.2-16V 5V 27A 150W

PBIH-1212R 9.2-16V 12V 13A 150W

PBIH-1215R 9.2-16V 15V 10A 150W

PBIH-1224R 9.2-16V 24V 6.5A 150W

PBIH-1248R 9.2-16V 48V 3.3A 150W

PBIH-2405R 19-32V 5V 30A 150W

PBIH-2412R 19-32V 12V 14A 150W

PBIH-2415R 19-32V 15V 11A 150W

PBIH-2424R 19-32V 24V 7A 150W

PBIH-2448R 19-32V 48V 3.5A 150W

PBIH-4805R 38-63V 5V 30A 150W

PBIH-4812R 38-63V 12V 14A 150W

PBIH-4815R 38-63V 15V 11A 150W

PBIH-4824R 38-63V 24V 7A 150W

PBIH-4848R 38-63V 48V 3.5A 150W

PBIH-11005R 85-140V 5V 30A 150W

PBIH-11012R 85-140V 12V 14A 150W

PBIH-11015R 85-140V 15V 11A 150W

PBIH-11024R 85-140V 24V 7A 150W

PBIH-11048R 85-140V 48V 3.5A 150W

Selection Table
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PBIH-G

PBIH-J

PBIH-M

Terminal Connection

0 FG
1 DC +V in
2 0V in
3 LFG
4 NO
5 NO
6 -V out
7 +V out

Terminal Connection

1 FG
2 DC +V in
3 0V in
4 LFG
5 -V out
6 +V out
7 NC

Terminal Connection

1 +V out
2 +V out
3 -V out
4 -V out
5 FG
6 -V in
7 +V in

Terminal Connection

1, 2 +V out
3 +S
4 -S

5, 6 -V out
7 Remote

Control
8 DC +V in
9 DC 0V in

10 FG

PBIH Series
1 5 - 1 5 0  W A T T S  S I N G L E  O U T P U T

PBIH-R

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 508 of 1072



SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 509 of 1072



designs products &

,<8HIF<G'

	 � �� �� 
 �
 � � �  � �� �� � 	 �� 
 �
 � �� �� � ��  � �� � � 
 � �  �� � � �� �� � ���  �� 
 �
 �� 
 � �� �� � �  � � ��  � �� �  � �
 �


 � �
 �� � � 
 ���  ��� �� 
 �� �� �� � �� 
 �
 ��� 
 � � � � � ���	 � 
 � � � ���� � � � �� 
 �
 �� �  � �� 
 � �� �� ��� �
 ��� ���

�� � � � 
 � � �� 
 �
 �� 
 � �� �� � �  � ��  � �� �  � ��� � ����  � �� � �� ���� �� � �� ��
 � � �� � �� ���� �� � ���� � �� �

&22.-'&5-104"

1<9�� �
 � � �� � �=G�5 J5 =@5 6 @9�5 G�9=H<9F�5 �<5 @:�8ID @9L�CF�5 �:I@@�8ID @9L	 �� � � �� � � �+ ' N�
 ���� + ' N

F5 8=C��=B7@I8=B;�5 �:I@@M�=BH9;F5 H98�� � � � ���� � � � �6 D G�85 H5 �A C89A �1<9G9�IB=HG�CD 9F5 H9�9EI5 @@M

K9@@�=B�9=H<9F�5 �GH5 B8�5 @CB9�7CB:=;IF5 H=CB��CF�5 G�D 5 FH�C:�5 �@5 F;9�7CA A IB=75 H=CB�GMGH9A 

1<=G�7CA D @9H9��D 5 7?5 ;9�:CFA G�5 B�5 HHF5 7H=J9@M�D F=798�D FC8I7H�:CF�H<9�HF5 BGA =GG=CB�C:�85 H5 �CJ9F

F5 8=C�=B�:=L98�5 D D @=75 H=CBG�H<IG�D FCJ=8=B;�5 �J=5 6 @9�5 @H9FB5 H=J9�HC�7CGH@M�B9HKCF?G�C:�6 IF=98�A 98=5 

� ��  *# +

� � ,� �� � � #(�� (�  &
� � 
 	 	 � �� � #" #,� %� � � � #(+

! % I@@M�=BH9;F5 H98�<5 @:�5 B8�:I@@�8ID @9L	 �F5 8=C�5 B8�A C89A

! 1F5 BGD 5 F9BH�5 B8�BCB�=BHFIG=J9�F9A CH9�8=5 ;BCGH=7�:5 7=@=H=9G

#I`dY_^Q\$

! (B6 I=@H�85 H5 �FCIH=B;�5 B8�A I@H=D @9L=B;�75 D 5 6 =@H=9G��A I@H=�D CFH

_`UbQdY_^

! 0=A I@H5 B9CIG�89@=J9FM�C:�A I@H=D @9�D FCHC7C@G�IG=B;�1F=C�# 5 H5 "CA OG

IB=EI9�+ I@H=0HF95 A MG�H97<BC@C;M

! # =;=H5 @�0=;B5 @�.FC79GG=B;��# 0.��A C89A

! 09@97H5 6 @9�� � � �� � �� � � �6 D G�5 GMB7<FCBCIG�/ 0� � � �IG9F�=BH9F:5 79

! !I=@H�=B�5 BH9BB5 �8=D @9L9F	

! (BH9;F5 H98� GID 9FJ=GCFM� 85 H5 �7<5 BB9@

! 2 B=EI9�7C@@=G=CB�5 JC=85 B79� :5 7=@=HM��:CF�IBGC@=7=H98�F9D CFH�6 M�

UhSU`dY_^

! 0C:HK5 F9�G9@97H5 6 @9�7CB:=;IF5 H=CB�D 5 F5 A 9H9FG

! (BH9FB5 @�F9D 95 H9F�CD 9F5 H=CB

! ' CIG98�=B�5 B�5 HHF5 7H=J9�M9H�FC6 IGH�A 9H5 @�9B7@CGIF9

! / 5 B;9�C:�5 B7=@@5 FM�9EI=D A 9BH���:I@@�8ID @9L�6 5 G9���F9D 95 H9F�GH5 H=CBG

5 B8�<CH�GH5 B86 M�6 5 G9�GH5 H=CB

48;?D

MXU�� �
 � � �� � �F5 8=C�<5 G�6 99B�89G=;B98�HC�A 99H�KCF@8K=89

F9;I@5 HCFM�;I=89@=B9G��=B7@I8=B;�% ""��5 B8�<5 G�5 8>IGH5 6 @9�D CK9F

CIHD IH�ID �HC�� �4 5 HHG�1<=G�:I@@M�GMBH<9G=G98�F5 8=C�=G�D FC;F5 A A 5 6 @9

=B�� � � �� � �?' N��=B7F9A 9BHG�HC�5 77CA A C85 H9�J5 F=CIG�KCF@8K=89

7<5 BB9@�GD 5 7=B;G�1<9�F979=J9F�G97H=CB�<5 G�5 �K=89�HIB=B;�F5 B;9

K=H<�5 B�9L79@@9BH�G=;B5 @�HC�BC=G9�F5 H=C�$ L79D H=CB5 @�:F9EI9B7M

GH5 6 =@=HM�=G�5 7<=9J98�6 M�=BH9@@=;9BH�A =7FCD FC79GGCF�7CBHFC@@98

H9A D 9F5 HIF9�7CA D 9BG5 H=CB� B�9LH9B898�CD 9F5 H=B;�H9A D 9F5 HIF9

F5 B;9�C:��� � �HC�� � � �"�A 5 ?9G�H<9�IB=H�=895 @�:CF�7CA A 9F7=5 @�5 B8

=B8IGHF=5 @�5 D D @=75 H=CBG

0D;<B

1<9�=B�6 I=@H�A C89A �=B7@I89G�5 �7IGHCA �# 0.�89J9@CD 98�:CF�85 H5

7CA A IB=75 H=CBG�CJ9F�B5 FFCK�6 5 B8�F5 8=C�GMGH9A G

1<=G�GMGH9A �C::9FG�A =B=A IA �C77ID =98�6 5 B8K=8H<�5 B8�CD H=A 5 @�85 H5

=BH9;F=HM��IG=B;�H<9�GH5 B85 F8�' # * "�D FCHC7C@�K=H<�""(11�"/ "�9FFCF

89H97H=CB��=B<=6 =H=B;�H<9�HF5 BG:9F�C:�5 BM�FC;I9�IBK5 BH98�85 H5

75 IG98�6 M�=BH9F:9F9B79�CF�GEI9@7<�<95 89FG���H5 =@G

1<9�1F=C�# 5 H5 "CA �# 0.�D FCJ=89G�

��H<9�=BH9F:5 79�6 9HK99B�H<9�5 GMB7<FCBCIG�/ 0� � � �IG9F

7CA A IB=75 H=CB�5 B8�H<9�GMB7<FCBCIG�F5 8=C�@=B?�@5 M9F

��5 B�=B6 I=@H�A I@H=D 9L9F���FCIH9F�K<=7<�5 @@CKG�:CF�G=A I@H5 B9CIG

HF5 BGD CFH5 H=CB�C:�A I@H=D @9�D FCHC7C@G�CJ9F�H<9�CB9�F5 8=C�B9HKCF?

(EEA?98H?DCG

1<9�� �
 � � �� � �=G�=895 @�:CF�IG9�=B�5 �J5 F=9HM�C:�GCD <=GH=75 H98�5 B8

7F=H=75 @�0" #  �5 B8�# =GHF=6 IH98�(B:CFA 5 H=CB�0MGH9A G��K<9F9

7CA D @9L�FCIH=B;�C:�A I@H=D @9�85 H5 �D FCHC7C@G�5 B8�F9A CH9�8=5 ;BCGH=7G

5 B8�K=F9@9GG�B9HKCF?�A 5 B5 ;9A 9BH�5 F9�=A D CFH5 BH�:5 7HCFG

/ 9A CH9�IB=HG�5 B8�5 �BIA 6 9F�C:�:I@@�8ID @9L�6 5 G9�GH5 H=CB���F9D 95 H9F

A C89@G��GI=H5 6 @9�:CF�5 �J5 F=9HM�C:�F9EI=F9A 9BHG��A 5 ?9�ID �H<9

� �
 � � �� � � H�H<9�HCD �C:�H<9�F5 B;9��H<9�# ' �A C89@�=G�5 �;9BI=B9�

8ID @=75 H98�<CH�GH5 B86 M�6 5 G9�:CF�GMGH9A G�K<9F9�BCH<=B;�G<CFH�C:

I@HF5 �F9@=5 6 =@=HM�=G�5 779D H5 6 @9

� � �� � � �� � �
 � � �� � � ���2 H=@=H=9G��& 5 G��4 5 H9F��$ @97HF=7=HM���/ 5 =@K5 MG�

+ =B=B;��19@97CA A IB=75 H=CBG��(B8IGHFM�4 <9F9�B9HKCF?�GH5 HIG�

GMGH9A �7CBHFC@��85 H5 �7C@@97H=CB�5 B8�:5 I@H�7CB8=H=CBG�5 F9�F9EI=F98

� �  � �  � ��� � �	 � � � � � � �� � ���.C=BH�C:�0 5 @9�"F98=H�19FA =B5 @G��0HC7?

"CBHFC@��# =F97H�- F89F��! 5 B?G��!I=@8=B;�0C7=9H=9G��0HC7?�!FC?9FG�

& 5 A 6 @=B;�- F;5 B=N5 H=CBG��9H7��K<9F9�.C=BH�C:�05 @9��=BJ9BHCFM��7F98=H�

CF�HF5 BG5 7H=CB�85 H5 �F9EI=F9G�7C@@97H=CB�5 B8�8=GHF=6 IH=CB

� � � � � � ��  � � �� � ��  � �
 � � � �� � � ���1<9�<=;<�GD 998��@CK�7CGH�5 B8

GD 97HFIA �9::=7=9B7M�C:�H<=G�89J=79�A 5 ?9�=H�K9@@�GI=H98�HC�5 @@�:CFA G�C:

7CA A CB�75 FF=9F�85 H5 �B9HKCF?=B;

� � � � �� � � ��� � �� � ���% =F9��.CK9F��(BHFIG=CB�� �$ GG9BH=5 @�09FJ=79G

 @5 FA �/ 9D CFH=B;

	 � J5 =@5 6 @9�:CF�# / � � � �:I@@�8ID @9L�� �4 �J9FG=CB��� � � �R�� �+ ' N����� � � �R�� �+ ' N�

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 510 of 1072



designs products &

1�
 � � � �� � � � �� � � �

% �
 � � � �� � � � �� � � �

$ �:FCBH89G?� HF=C7CA 5 I
yyy/vtkq/eqo/cwyyy/vtkq/eqo/cwyyy/vtkq/eqo/cwyyy/vtkq/eqo/cwyyy/vtkq/eqo/cw

VTKQ!FCVTKQ!FCVTKQ!FCVTKQ!FCVTKQ!FCVVVVVCEQOCEQOCEQOCEQOCEQO

� � � GH9F� J9BI9

"5 FFIA �# CKBG�3("

 IGHF5 @=5 �� � � �

)DC=?>IF8H?DC

"CB:=;IF5 H=CB�IG=B;�1F=COG�� �
 � � �� � �D FC;F5 A A =B;�GC:HK5 F9

�# / .FC;��=G�7CA D @9H9@M�4 =B8CKGl�6 5 G98�:CF�5 @@�D 5 F5 A 9H9FG��GI7<

5 G��:F9EI9B7M��HF5 BGA =HH9F�D CK9F��8=;=H5 @�A IH9�@9J9@��.11�H=A 9F�

GMGH9A �7CB:=;IF5 H=CBG��D CFH�G9HH=B;G

�  ,/ (*$ �� � ' � "  &  ' ,�� �� #� " ' (+,#� �"2EH?DC8A#

 �@5 F;9�8=GHF=6 IH98�B9HKCF?��CF�9J9B�5 �G=A D @9�D C=BH�HC�D C=BH�@=B?�

F9EI=F9G�7CA D F9<9BG=J9�:5 I@H�F9D CFH=B;�5 B8�8=5 ;BCGH=7G�HC�9BGIF9�5

<=;<�@9J9@�C:�5 J5 =@5 6 =@=HM�1F=C�� �
 � � �� � �85 H5 �F5 8=C�A C89A �D FC8I7HG

C::9F�GCD <=GH=75 H98�=B�6 I=@H�8=5 ;BCGH=7G�IG=B;�H<9�CD H=CB5 @�'(-+6MG

GC:HK5 F9��1<=G�75 D 5 6 =@=HM�5 @@CKG�H<9�7IGHCA 9F�HC�F9A CH9@M�A CB=HCF

5 B8�A 5 =BH5 =B�H<9=F�GMGH9A ��A =B=A =G=B;�H<9�@=?9@=<CC8�C:�:5 =@IF9G��6 M

D C=BH=B;�CIH�7CA D CB9BH�89;F5 85 H=CB�5 B8�897F95 G=B;�H<9�H=A 9�HC

8=5 ;BCG9�5 B8�F9D 5 =F�1<9F9�=G�BC�B979GG=HM�HC�J=G=H�H<9�A 5 GH9F

GH5 H=CB�CF�=BH9F:9F9�K=H<�H<9�<CGH�85 H5 �=BH9;F=HM��CH<9F�H<5 B�5 88=H=CB5 @

85 H5 �HF5 BG:9F�% CF�:IFH<9F�89H5 =@G��7CBGI@H�H<9�� � �� � �85 H5 �G<99H

5E<9?=?98H?DCG'

64(150.66+4

1L� .CK9F � �4 ��
 � � �8!A ��CF�� �4 	 ��
 � � �8!A �

�GC:HK5 F9�D FC;F5 A A 5 6 @9�

+ C8I@5 H=CB , 5 FFCK�6 5 B8�8=;=H5 @�:=@H9F=B;�6 =B5 FM�& + 0)

- 77ID =98�!5 B8K=8H< + 99HG�J5 F=CIG�=BH9FB5 H=CB5 @�F9;I@5 HCFM�;I=89@=B9G

:CF�D C=BH�HC�D C=BH�5 B8�D C=BH�HC�A I@H=D C=BH

1L� HH5 7<�1=A 9 � �� �A 097CB8

1=A 9CIH�1=A 9F .FC;F5 A A 5 6 @9�� �� � � �G97CB8G

1L�0D IF=CIG � � ��� � �8!A

4(*.2

% F9EI9B7M�/ 5 B;9		 � � � �� � � �+ ' N�
 ���� + ' N

"<5 BB9@�09@97H=CB % I@@M�D FC;F5 A A 5 6 @9

% F9EI9B7M�0D @=HG � � �+ ' N�1L�/ L�:F9EI9B7M�GD @=H�5 J5 =@5 6 @9

=B7@I8=B;�G=A D @9L

% F9EI9B7M�0H5 6 =@=HM R� D D A ���� � �HC�� � S"�5 A 6 =9BH��CD H��� � �HC�� � S"�

' =;<9F�:F9EI9B7M�GH5 6 =@=HM�CD H=CBG�5 F9�5 J5 =@5 6 @9

8I9�HC�=BH9@@=;9BH�D FC79GGCF�7CBHFC@@98

H9A D 9F5 HIF9�7CA D 9BG5 H=CB

 ;=B; � � �� D D A �5 BBIA

' 5 @:���% I@@�# ID @9L <5 @:�8ID @9L�CF�:I@@�8ID @9L	

# 5 H5 �/ 5 H9��F:� � � � � ���� � � � �6 D G

"CB:=;IF5 H=CB  @@�7CB:=;IF5 H=CB�J=5 �4 =B8CKG�GC:HK5 F9

� ��  *# +���� � ,� �� � � #(�� (�  &

� � 
 	 	 ���� #" #,� %�� � � #(+

)211+)6.215

2 G9F�# 5 H5 �.CFH � �L�# !� �/ 0� � � �:9A 5 @9�D CFHG

 BH9BB5 0+  �:9A 5 @9�6 I@?<95 8��CD H=CB5 @�, �

.CK9F � �D =B�@C7?=B;�+ 5 H=B;�7CBB97HCF�GID D @=98

02*+0

# 5 H5 �09F=5 @�.CFH�� � % I@@�8ID @9L��# ! � �/ 0� � � ��# "$ ��A C89A ���� � � �

� � �� � � �6 D G�5 GMB7<FCBCIG��<5 F8K5 F9�GC:HK5 F9

XQ^TcXQ[Y^W

# 5 H5 �09F=5 @�.CFH�� � % I@@�8ID @9L��# !� �/ 0� � � ��� � � �� � � � �6 D G

5 GMB7<FCBCIG��GC:HK5 F9�<5 B8G<5 ?=B;

# 5 H5 �0HCF5 ;9 - B�6 C5 F8�/  +

"<5 BB9@�# 5 H5 �/ 5 H9 � � � � ���� � � � �6 D G��:I@@�8ID @9L

!=H�$ FFCF�/ 5 H9 � �� L� � (1�� ��� � � �8!A ��� � � � �6 D G�

� �� L� � (1�� ��� � � �8!A ��� � � � �6 D G�

"C@@=G=CB� JC=85 B79 1F=C�# 5 H5 "CA OG�IB=EI9�GID 9FJ=GCFM�7<5 BB9@

"�# 0+  �7C@@=G=CB�5 JC=85 B79�GMGH9A

Ge\dYLdbUQ]MG 1F=C�# 5 H5 "CA OG�IB=EI9�G=A I@H5 B9CIG�89@=J9FM�C:

A I@H=D @9�85 H5 �GHF95 A G��D FCHC7C@G�

-+1+4(/

.CK9F�0ID D @M � � � �387�BCA =B5 @��� � �� � �387�

1F5 BGA =H�"IFF9BH � � � �A  �A 5 L�� �� �4

� � � � �A  �A 5 L�� �� �4

/ 979=J9�"IFF9BH � � � �A  

# =A 9BG=CBG � � � �L�� � � �L�� � �A A ��FC6 IGH�A 9H5 @�9B7@CGIF9�

4 9=;<H � � �?;

 (%%#+#(' �� . (#� � ' �  

 �IB=EI9�:I@@M�=BH9;F5 H98��M9H�=B89D 9B89BH��@CK�GD 998�GID 9FJ=GCFM

85 H5 �7<5 BB9@�9A 6 98898�K=H<=B�H<9�D F=A 5 FM�6 =H�GHF95 A �D FCJ=89G

7C@@=G=CB�5 JC=85 B79�:5 7=@=H=9G�K<=7<�5 F9�HF5 BGD 5 F9BH�HC�H<9�IG9F��1<9

IG9�C:�H<=G�:95 HIF9�A 5 ?9G�H<=G�D FC8I7H�=895 @@M�GI=H98�:CF�F9@=5 6 @9�

9FFCF�:F99�85 H5 �HF5 BGA =GG=CBG�6 9HK99B�GH5 H=CBG�=B�<=;<�89BG=HM�D C=BH�

HC�A I@H=D C=BH�85 H5 �B9HKCF?G

1<9�6 9B9:=HG�=B7@I89�

��+ I@H=D @9�5 GMB7<FCBCIG�5 D D @=75 H=CBG�CD 9F5 H=B;�CB�H<9�CB9�F5 8=C

SXQ^^U\)

��$ B<5 B798�D 9F:CFA 5 B79�C:�F9D CFH�6 M�9L79D H=CB�B9HKCF?G

09BG=H=J=HM �� � � �8!A �:CF�� � �8!�0(,  !

!@C7?=B; � �� � �8!��$ ( �

(BH9FA C8I@5 H=CB � � �� � �8! ��$ ( �

0D IF=CIG�/ 9GD CBG9 � � �� � �8!��$ ( �

09@97H�5 B8�# 9G9BG9 � � �8!��$ ( �

 % "�1F5 7?=B; R� �?' N�HF5 7?=B;�� ��� � �8!A �5 HH5 7?�H=A 9�� � � �A 0

+ IH9 .FC;F5 A A 5 6 @9�8=;=H5 @�A IH9

4+)+.7+4

�  %� , � �� *(� -� ,+

! !5 G9�0H5 H=CBG��# !� � � �

! ' CH�0H5 B86 M�!5 G9�0H5 H=CB��# ' � � � �

! � �.CFH�0HF95 A �/ CIH9F�+ I@H=D @9L9F��+ 0/ �

! , 9HKCF?� + 5 B5 ;9A 9BH� 5 B8� # =5 ;BCGH=7� 0C:HK5 F9� �13=9KMG$

! # �09F=9G�.FC;F5 A A =B;�0C:HK5 F9��# / .FC;G$

* C75 @�F9;I@5 HCFM�7CB8=H=CBG�A 5 M�89H9FA =B9�H<9�GI=H5 6 =@=HM�C:�=B8=J=8I5 @�J9FG=CBG�=B�8=::9F9BH

7CIBHF=9G�(H�=G�H<9�F9GD CBG=6 =@HM�C:�H<9�6 IM9F�HC�7CB:=FA �H<9G9�F9;I@5 HCFM�7CB8=H=CBG

.9F:CFA 5 B79� 85 H5 � =B8=75 H9G� HMD =75 @� J5 @I9G� F9@5 H98� HC� H<9� 89G7F=6 98� IB=H

(B:CFA 5 H=CB� GI6 >97H� � HC� 7<5 B;9� K=H<CIH� BCH=79

P� "CD MF=;<H� � � � � � 1F=C� # 5 H5 "CA � .HM� * H8�  @@� F=;<HG� F9G9FJ98� (GGI9� � � �� �

	 � J5 =@5 6 @9�:CF�# / � � � �:I@@�8ID @9L�� �4 �J9FG=CB��� � � �R�� �+ ' N����� � � �R�� �+ ' N�

	 	 �35 F=CIG�GI6 �:F9EI9B7M�6 5 B8G�5 J5 =@5 6 @9

, CH9��+ C89@�7C89G�D F9J=CIG@M�?BCKB�5 G�LLL# / �5 F9�BCK�89D =7H98�5 G�# / LLL

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 511 of 1072



Technical Note TN-21

TRIO D SERIES RSSI ACCURACY

The following technote sets out the accuracy expectations of the Received Signal Strength of remote
DR900 series product as reported by Trio Diagnostics V2.1 or any third party diagnostics software
complying with the Trio Diagnostics protocol spec V1-Issue2.

There are 4 variables which determine the first order accuracy of the reported level, namely -

1. The linearity of the RSSI output current Vs signal input of the NE615 IF
chip in the DR900 receiver.

2. The philosophy of the calibration and calculation algorithms.

3. The variation of the RSSI output current of the NE615 IF chip with
temperature.

4. The accuracy and repeatability of the calibration phase carried out at
point of manufacture.

Tests using the algorithms of V2.1 diagnostics have shown the reported RSSI
output Vs input of 20 sample units at 250 C as follows -
This test provided the following statistical results at 250C

±2.33dBm±0.8dBm±0.3dBm±0.7dBmStandard deviation

-53dBm-70.2dBm-90.3dBm-111.5 dBmMean reported level

As reported by V2.1

-50 dBm-70 dBm-90 dBm-110 dBmActual input level >

The absolute accuracy of the calibration methods used by Trio in the manufacture of these radio units is expected to yield a
97% reliability of calibration to ±2 dB including effects of calibration at temperatures <> 250C.

We can therefore specify V2.1 diagnostics at 25OC -
in terms of the mean value reported and 97% statistical confidence spread of the RSSI level as follows -

+6..-12dBm+4.3..-4.7dBm+2.7..-3.3dBm+2.5..-5.5dBOr a delta dB (97%) of >

+/- 9dB+/- 4.5dB+/- 3dB+/-4dB97% statistical confidence accuracy

-53dBm-70.2dBm-90.3dBm-111.5 dBmMean reported level

As reported by V2.1

-50 dBm-70 dBm-90 dBm-110 dBmActual input level >

Temperature effects -

Tests on the temperature drift of the NE615 IF chip show a mean drift of -0.13dB / OC over the range 25OC ±30OC.
Note 1 that this effect is NOT included in the V2.1 diagnostics and must be carried out manually for the temperature reported by
diagnostics.
Note 2 There is not a large enough sample to show a 97% statistical confidence level however it seems likely that the range of
this drift value may be about 2:1 which would give a likely variance (after manual temperature correction) at-10OC and 60OC
of about ± 2.2dB.

L:\Docs\Tech & App notes\Technotes (Current)Tn-21n.lwpMay 31, 2002
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H plane Polar Characteristics (nominal and mounting
dependant)

-13dBr-17dBrMaximum sidelobe
-20dBr-20dBrFront to back ratio
± 50 Degrees± 30 degreesFirst (major lobe) null
± 26 Degrees± 15 Degrees3dB beamwidth H plane
± 23 Degrees± 14 Degrees3dB beamwidth E plane
TC-ANT9(AL/SS)TC-ANT13AL/SS)Type

Available in either 6000 series marine grade aluminium (AL) or high grade stainless steel (SS)

Technical Note TN-13

900 MHz YAGI
Antenna Characteristics

Type (model #) TC-ANT13(AL/SS) TC-ANT9(AL/SS)
Number of Elements 15 6
Gain Note 1 13dBd 9dBd
Impedance 50 Ohm 50 Ohm
Boom Length 1.7m 0.78m
Wind Loading (160 kph) 13.22 kg 5.96 kg
Tail Connection 100mm N type female 100mm N type female
Mounting Arrangements 55mm max.U clamp (pas cad) 55mm max U clamp (pas cad)
Weight (incl. clamp) 1.7kg(AL) 2.8kg(SS) 1.2kg(AL) 1.7kg(SS)

Note 1 - Gain is referred to a standard dipole and varies with frequency as follows-

L:\Docs\TECHNOTE\trio datacom Tn-13n.lwp June 19, 2001
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DATA SHEET

Coax Cable Connector N-203HS
N-201

Description

Straight Cable Plug Crimp

Suits Cables: LMR400 CNT400 BELDEN 9913

Technical Data
Electrical
Impedance 50 Ohm
Max Frequency 11 GHz

Mechanical & Environmental Data

Centre contact Crimp
Outer Contact Crimp
Mating 5/8" - 24 threaded coupling
Durability 500 matings
Coupling nut retention 100lbs Max
Cable Retention 40 lbs min
Tempreture Range -65° to 165° C
Vibration MIL-STD-202 Test Cond B
Salt Spray MIL-STD-101 Test Cond B
Thermal Shock MIL-STD-107 Test Cond B

Material Data

Parts Material
N-203HS N-201

Connector Body Brass Silver White Bronze
Centre contact Brass Gold Gold
Insulation Teflon - -
Gasket Silicone Rubber - -
Crimp Ferrule Anneald Copper Silver White Bronze

PC-40591-16

Plating
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Ó±¼»´ò Ò±ò Ü»½®·°¬·±² Ý¿¾´» Ì§°» Ý»²¬®» Ý±²¼«½¬±® Ý®·³° Í»¬ö ±® Ì±±´

Ý¿¾´» Ö¿½µ

Òóîè Ý´¿³° ó Ò·½µ»´ ÎÙîïíô ÎÙîïì Í±´¼»®ô ½¿°¬·ª» ÝÍÌóîïí

Òóíð Ý´¿³° ó Ò·½µ»´ ÎÙëèô çððïô çððê Í±´¼»®ô ½¿°¬·ª» ÝÍÌóíçç

Òóçê Ý®·³° ó Í·´ª»® °´¿¬»¼ ÎÙïìîô ÎÙîîí Ý®·³°ô ½¿°¬·ª» ß

Òóçè Ý®·³° ó Í·´ª»® °´¿¬»¼ ÎÙëèô çððïô çððê Ý®·³°ô ½¿°¬·ª» ß

Òóïïè Ý®·³° ó Ò·½µ»´ ÎÙîïí Ý®·³°ô ½¿°¬·ª» Ý

Òóîðð Ý®·³°ô É¸·¬» Þ®±²¦» °´¿¬»¼ ÝÒÌìððô ÔÓÎìðð Í°®·²¹ º·²¹»® Ü

ìððÐÒÚóÝóÝÎ Ý®·³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÝÒÌóìððô ÔÓÎóìðð Í°®·²¹ Ú·²¹»® ÞÝÐÌóíìððñÎÝÌóîïì

Òóîðî Ý®·³°ô Ò·½µ»´ °´¿¬»¼ ÝÒÌìððô ÔÓÎìðð Í°®·²¹ º·²¹»® Ü

Òóîðì Ý®·³°ô Ò·½µ»´ °´¿¬»¼ ÝÒÌìððô ÔÓÎìðð Í±´¼»®ô ½¿°¬·ª» Ü

Òóîïð Ý®·³°ô Í·´ª»® °´¿¬»¼ ÎÙëç Ý®·³°ô ½¿°¬·ª» Þ

Òóîèë Ý®·³°ô Í·´ª»® °´¿¬»¼ ÎÙîïì Ý®·³°ô ½¿°¬·ª» Ü

ÔìÌÒÚóÐÍ Î·²¹ Ú´¿®» ÔÜÚìóëðô ÎÈÔìóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÛßÍ×ßÈr Ð´«

ßÔëÒÚóÐÍß Ñ²» Ð·»½» Î·²¹ Ú´¿®» ßÊßëóëðñßÔëóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÛßÍ×ßÈr Ð´«

ïîÛÆÒÚ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóëìð Ý¿°¬·ª» ëìðóÛÆÐÌñïî ØÐÌ

éèÛÆÒÚ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóéèð Ý¿°¬·ª» éèðóÛÆÐÌñéè ØÐÌ

ïïìÛÆÒÚ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóïìèð Ý¿°¬·ª» ïìèðóÛÆÐÌñïïì ØÐÌ

ïëèÛÆÒÚ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóïèéí Ý¿°¬·ª» ïèéíóÛÆÐÌñïëè ØÐÌ

ßÔéÒÚóÐÍ Î·²¹º´¿®» ßÊßéóëðñßÔéóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÝÐÌÔé

ÚìÐÒÚóÝ Ý´¿³°ô Í»´º Ú´¿®» ÚÍÖìóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÛßÍ×ßÈr

Ð¿²»´ Ó±«²¬ Ö¿½µ Ó±«²¬·²¹ ·¦» ¿²¼ ¼·®»½¬·±²

Òóðç Ú´¿²¹» Ó±«²¬ô ²·½µ´» °´¿¬»¼ Í±´¼»® °±¬ô ½¿°¬·ª» ïï³³ øº®±²¬÷ ïê³³ ø®»¿®÷

Òóïî Þ«´µ¸»¿¼ ³±«²¬ Í±´¼»® °±¬ô ½¿°¬·ª» ïí³³ øº®±²¬÷

Òóîð Þ«´µ¸»¿¼ ³±«²¬ô ·´ª»® °´¿¬»¼ Í±´¼»® °±¬ô ½¿°¬·ª» ïí³³ øº®±²¬÷

Òóíè Ý¿¾´» ³±«²¬»¼ô ¾«´µ¸»¿¼ô ÎÙîïí Í±´¼»® °±¬ô ½¿°¬·ª» ïê³³ øº®±²¬÷ ïíòë³³ ¿½®± º´¿¬

ìððÐÒÚóÞØÝ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÞñØ Í°®·²¹ Ú·²¹»® ÞÝÐÌóíìðð

Òóïîð Ú´¿²¹» ³±«²¬ô ·´ª»® °´¿¬»¼ Í±´¼»® °±¬ô ½¿°¬·ª» ïê³³ øº®±²¬÷ ïë³³ ø®»¿®÷

Òóîïí Ý¿¾´» ³±«²¬»¼ º´¿²¹»ô ²·½µ´» °´¿¬»¼ ÎÙîïí Ý®·³°ô ½¿°¬·ª» ïè³³ øº®±²¬÷ ïê³³ ø®»¿®÷

Òóîíé Ý¿¾´» ³±«²¬»¼ º´¿²¹»ô ²·½µ´» °´¿¬»¼ ÎÙëè Í±´¼»®ô ½¿°¬·ª» ïí³³ øº®±²¬÷ ïê³³ ø®»¿®÷

Òóîèè Ý¿¾´» ³±«²¬»¼ ¾«´µ¸»¿¼ ²·½µ»´ °´¿¬»¼ ÎÙëèô çððïô çððê Ý®·³°ô ½¿°¬·ª» ïê³³ ø®»¿®÷ ïíòé³³ ¿½®± º´¿¬

ß¼¿°¬±®

Òóïð ÚóÚ ¾¿®®»´

Òóìè ÚóÚóÚ Ì»» ¿¼¿°¬±®

Òóìç ÓóÚóÚ Ì»» ¿¼¿°¬±®

Òóîìí ÓóÓ ¾¿®®»´ô Ò·½µ»´ °´¿¬»¼

Òóîìë ÓóÚ Î·¹¸¬ ¿²¹´» ¿¼¿°¬±®ô ²·½µ»´ °´¿¬»¼

Ò Í»®·»

Ò Ý±²²»½¬±® ¿®» ³»¼·«³ ·¦» ¬¸®»¿¼»¼ ½±«°´»® ©¸·½¸ ©·´´

±°»®¿¬» ¾»¬©»»² ÜÝ ¬± ïï ÙØ¦ò Ñºº»®·²¹ ½±²·¬»²¬ ´±©

¾®±¿¼¾¿²¼ ÊÍÉÎô ¬¸»§ ¸¿ª» °®±ª»¼ ª»®§ °±°«´¿® ±ª»® ¬¸» §»¿®

·² ³±¾·´» ®¿¼·± ¿°°´·½¿¬·±² ¿²¼ ¿®» ±º¬»² «»¼ ·² ¸·¹¸ ª·¾®¿¬·±²

·²¬¿´´¿¬·±²ò Ì¸»·® ¬¸®»¿¼»¼ ¼»·¹² ¹«¿®¿²¬»»·²¹ ¿ ¬¿¾´»

½±²²»½¬·±²ò

ö Í»» Ð¿¹» îì º±® Ý®·³° Ì±±´ Ó¿¬®·¨ ¿²¼ Ð¿¹» îë º±® Ý¿¾´» Ð®»° Ì±±´

öö ß´´ ´·¬»¼ Ò ½±²²»½¬±® º»¿¬«®» ¬¸» ¬¿²¼¿®¼ ëð Ñ¸³ ·²¬»®º¿½» ¼·³»²·±²ò éë Ñ¸³ ·²¬»®º¿½» ¼·³»²·±²¿´ ½±²²»½¬±® ¿²¼

¿² »¨°¿²¼»¼ ®¿²¹» ±º ±¬¸»® Ò ½±²²»½¬±® ¿®» ¿ª¿·´¿¾´»ò Ý±²¬¿½¬ §±«® ²»¿®»¬ ¿´» ±ºº·½» º±® ¼»¬¿·´ò
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Ò Í»®·»

ßª¿·´¿¾´» ·² ½®·³°ô ½´¿³°ô °®·²¹ º·²¹»®ô ±´¼»® ¿²¼ ¿ ª¿®·»¬§ ±º

º·²·¸» ·²½´«¼·²¹ ·´ª»® ¿²¼ ©¸·¬» ¾®±²¦»ò

Ó±¼»´ò Ò±ò Ü»½®·°¬·±² Ý¿¾´» Ì§°» Ý»²¬®» Ý±²¼«½¬±® Ý®·³° Í»¬ö ±® Ì±±´

Ý¿¾´» Ð´«¹

ìððÐÒÓ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÝÒÌóìððô ÔÓÎóìðð Í±´¼»® ÞÝÐÌóíìðð

ÚìÐÒÓÊîóØÝ Í»´º Ú´¿®» ÚÍÖìóëð Ý¿°¬·ª»ô Í°®·²¹ º·²¹»® ÓÝÐÌóïìïî

ÚìÐÒÎóÝ Î·¹¸¬ ß²¹´» Í»´º Ú´¿®» ÚÍÖìóëð Ý¿°¬·ª»ô Í°®·²¹ º·²¹»® ÓÝÐÌóïìïî

ÔìÌÒÓóÐÍ Î·²¹º´¿®» ÔÜÚìóëð Ý¿°¬·ª»ô Í°®·²¹ º·²¹»® ÓÝÐÌóÔì

ßÔëÒÓóÐÍß Í»´º Ú´¿®» ßÊßëóëðñßÔëóëð Ý¿°¬·ª»ô Í°®·²¹ º·²¹»® ÓÝÐÌóéè

ßÔéÒÓóÐÍß Î·²¹º´¿®» ßÊßéóëðñßÔéóëð Ý¿°¬·ª»ô Í°®·²¹ º·²¹»® ÝÐÌÔé

ïîÛÆÒÓ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóëìð Ý¿°¬·ª» ëìðóÛîÐÌñïîØÐÌ

éèÛÆÒÓ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóéèð Ý¿°¬·ª» éèðóÛîÐÌñéèØÐÌ

ïïìÛÆÓ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóïìèð Ý¿°¬·ª» ïìèðóÐÌñïïìØÐÌ

ïëèÛÆÒÓ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÚÈÔóïèéí Ý¿°¬·ª» ïèéíóÐÌñïëèØÐÌ

Ý¿¾´» Ö¿½µ

ìððÐÒÚ Ý´¿³° Ì®· Ó»¬¿´ Ð´¿¬»¼ ÝÒÌóìððô ÔÓÎóìðð Í±´¼»® ÞÝÐÌóíìðð

ö Í»» Ð¿¹» îì º±® Ý®·³° Ì±±´ Ó¿¬®·¨
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Ò Í»®·»

Ó±¼»´ò Ò±ò Ü»½®·°¬·±² Ý¿¾´» Ì§°» Ý»²¬®» Ý±²¼«½¬±® Ý®·³° Í»¬ö ±® Ì±±´

Ý¿¾´» Ð´«¹

Òóðé Ý´¿³° ó Í·´ª»® Ð´¿¬»¼ ÎÙîïí Í±´¼»®ô ½¿°¬·ª» ó

Òóïë Ý´¿³° ó Ò·½µ»´ ÎÙëèô çððïô çððê Í±´¼»®ô ½¿°¬·ª» ó

Òóìï Î·¹¸¬ ¿²¹´» ½´¿³° ÎÙëèô çððïô çððê Í±´¼»®ô ½¿°¬·ª» ó

Òóèé Ý®·³° ó Í·´ª»® °´¿¬»¼ ÎÙïìîô ÎÙîîí Ý®·³°ô ½¿°¬·ª» ß

Òóèè Ý®·³° ó Ò·½µ»´ ÎÙëèô çððïô çððê Ý®·³°ô ½¿°¬·ª» ß

Òóèç Ý®·³° ó Í·´ª»® °´¿¬»¼ ÎÙëèô çððïô çððê Ý®·³°ô ½¿°¬·ª» ß

Òóçë Î·¹¸¬ ¿²¹´» ½®·³° ÎÙëè Ý®·³°ô ½¿°¬·ª» ß

Òóïïì Ý®·³° ó Ò·½µ»´ ÎÙîïí Ý®·³°ô ½¿°¬·ª» Ý

Òóïïç Ý®·³° ó Ò·½µ»´ °´¿¬»¼ ÎÙîïì Ý®·³°ô ½¿°¬·ª» Ü

Òóîðï Ý®·³° ó É¸·¬» ¾®±²¦» °´¿¬»¼ ÝÒÌìððô ÔÓÎìðð Í°®·²¹ º·²¹»® Ü

Òóîðí Ý®·³° ó Ò·½µ»´ °´¿¬»¼ ÝÒÌìððô ÔÓÎìðð Í°®·²¹ º·²¹»® Ü

Òóîðë Ý®·³° ó Ò·½µ»´ °´¿¬»¼ ÝÒÌìððô ÔÓÎìðð Í±´¼»®ô ½¿°¬·ª» Ü

Òóîîí Ý®·³° ó Ò·½µ»´ °´¿¬»¼ ÎÙïìîô ÎÙîîí Ý®·³°ô ½¿°¬·ª» ß

Òóîëè Î·¹¸¬ ¿²¹´» ½´¿³° ÎÙîïíô ÎÙîïì Í±´¼»®ô ½¿°¬·ª» ó

Òóîèì Ý®·³° ÎÙîïì Ý®·³°ô ½¿°¬·ª» Ü

ÒÐóïðÜÚÞ Ý´¿³° ó Ò·½µ»´ çððë Í±´¼»® ó

ÔìÌÒÓóÐÝ Î·²¹º´¿®»ô Ð±·¬·ª» Í¬±° ÔÜÚìóëðô ÎÈÔìóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÝÐÌóÔìßÎÝ×ñÓÝÐÌóÔì

ÔìÌÒÎóØÝ
Î·¹¸¬ ¿²¹´» ½´¿³°ô

Ð±¬·ª» Í¬±°
ÔÜÚìóëðô ÎÈÔìóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÝÐÌóÔìßÎÝ×ñÓÝÐÌóÔì

ÚïÐÒÓóØÝ Ø»¨ Ø»¿¼ô Í»´ºóÚ´¿®» ÚÍÖïóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÝÐÌóÔ×ñÓÝÐÌóïìïî

ÚîÐÒÓóØÝ Ø»¨ Ø»¿¼ô Í»´ºóÚ´¿®» ÚÍÖîóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÓÔÐÌóíèïî

ÚìÐÓÊîóÝ Ø»¨ Ø»¿¼ô Ý®«¸óÚ´¿®» ÚÍÖìóëð Ý¿°¬·ª»ô °®·²¹ º·²¹»® ÝÐÌóÚìñÓÝÐÌóïìïî

ìððÐÒÓóØóÝÎ Ý®·³° Ì®· Ó»¬¿´ Ð´¿¬»¼ Ø»¨ ÝÒÌóìððô ÔÓÎóìðð Í±´¼»® Ü

ìððÐÒÓóØÝóÝÎ Ý®·³° Ì®· Ó»¬¿´ Ð´¿¬»¼ Ø»¨ ÝÒÌóìððô ÔÓÎóìðð Í°®·²¹ º·²¹»® Ü

ö Í»» Ð¿¹» îì º±® Ý®·³° Ì±±´ Ó¿¬®·¨ ¿²¼ Ð¿¹» îë º±® Ý¿¾´» Ð®»° Ì±±´
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UN V Series
UN V

Lig htw eig htrig hta ng leg a lva nisedcla m p.

Seetheta blebelow form ounting a pplica tions.

UN V2

Lig htw eig htrig hta ng lesta inlesssteelcla m p.

Seetheta blebelow form ounting a pplica tions.

UB Series

UB1

TheUB1a ntenna cla m psa resim pleU-Bolta ssem bliesw ith “teeth”,a roundtheinsideof

loca ting pla testopreventthea ntenna from slipping

orshifting oncem ounted. Tw osepa ra tecla m psillustra ted.

Seetheta blebelow forsug g estedm ounting a pplica tions.

Sta inlesssteelU-Bolta ssem bliesa lsoa va ila ble:UB2

F P Series
F P 1

TheF la tP la teSeriesa relig htw eig htg a lva nisedcla m psw ith sta inlesssteelU-boltsfor

m ounting in 90°orin-linea pplica tions.

Seetheta blebelow form ounting a pplica tions.

C LA M P S UB 1 UB 2 UN V UN V2 F P -1 F P -2

W eig htpercla m pkg 0.21 0.19 0.41 0.48 1.5 1.5

BodyF inish Zinc pla ted Sta inlessSteel G a lva nised Sta inlessSteel G a lva nised G a lva nised

F a stenerF inish Zinc pla ted Sta inlessSteel G a lva nised Sta inlessSteel Sta inlessSteel Sta inlessSteel

M in.boom sizem m 25 25 20 20 25
M in.sqboom size19

M in.boom size30

M a x.boom sizem m 5 2 5 2 5 2 5 2 5 0 5 0

A pplica tion
In-linem ounting sm a llcolinea r

a ndg roundpla nea ntenna s
M ountsm a lla ntenna s

in 90°a rra ng em ent
Rig hta ng lem ounting

ofa ntenna ortube

C opyrig htR F IndustriesP tyLtd2011.Subjecttocha ng ew ithoutnotice.

P-407 98 -44 rfi.com .a u1

M ounting H a rdw a re
A ntenna C la m ps
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UC 1

UC 1

TheUC 1isa hea vydutya ntenna cla m pdesig nedtom ountla rg era ntenna s. The

cla m pisconstructedof6 m m sta m pedg a lva nisedsteelpla tes,nuts,boltsa ndlocking

w a shersa nda llow fora hig h deg reeofa djustm entduring m ounting .

Seetheta blebelow forsug g estedm ounting a pplica tions.

UC R Series
UC R1

TheUC R 1isa hea vydutya ntenna cla m pw ith a w eldedcentrepiece. A llpa rtsa rehot

dippedg a lva nised.

Seetheta blebelow forsug g estedm ounting a pplica tions.

UC R2

TheUC R 2isa nestedg a lva nisedcla m psetw hich isconfig uredtom a kea hea vyduty,

rig hta ng lecla m p.

C LA M P UC 1 M UE 1 M UE 2 UC R 1 UC R 1-120 UC R 2

W eig htpercla m pkg 1.9 2.3 3.0 1.9 2.0 3.8

BodyF inish G a lva nised G a lva nised G a lva nised G a lva nised G a lva nised

F a stenerF inish G a lva nised G a lva nised G a lva nised G a lva nised G a lva nised

M in.boom sizem m 20both pla nes 5 0 5 0 20both pla nes 20both pla nes 20both pla nes

M a x.boom sizem m 7 5 both pla nes 5 0 5 0 5 2both pla nes 7 5 both pla nes 7 5 both pla nes

M in.a ng lesizem m
N ota pplica ble

40 7 0
N ota pplica ble

M in.a ng lesizem m 7 5 200

A pplica tion

In-linem ounting
oftw otubula r

section. M ounts
in 90°line

D esig nedtom ounta ntenna s
a nda ntenna structuresontoa

steel
a ng lesupporttow er

90°m ounting
w ith 7 5 m m bolts

90°m ounting
w ith 120m m

boltsforla rg er
boom a ntenna s

H ea vyduty
a pplica tions.

Tw om em bers
a t90°

M UE Series
M UE 1

Stra ddlecla m ps,a lsoreferredtoa s“M ueller”cla m psa rehotdippedg a lva nised

cla m pssuitedforla rg etow era ng les.

Seetheta blebelow forsug g estedm ounting a pplica tions.

M ounting H a rdw a re
A ntenna C la m ps

C opyrig htR F IndustriesP tyLtd2011.Subjecttocha ng ew ithoutnotice.

rfi.com .a u2P-407 98 -44
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COMPUTER SOFTWARE COPYRIGHTS 

The Motorola products described in this instruction manual may include copyrighted Motorola computer programs stored in 
semi conductor memories or other media. Laws in the United States and other countries preserve for Motorola certain 
exclusive rights for copyrighted computer programs including the exclusive right to copy or reproduce in any form the 
copyrighted computer program.  Accordingly, any copyrighted Motorola computer programs contained in the Motorola 
products described in this manual may not be copied or reproduced in any manner without the express written permission of 
Motorola Inc..  Furthermore, the purchase of Motorola products shall not be deemed to grant either directly or by implication, 
estoppel, or otherwise, any license under the copyrights, patents or patent applications of Motorola, except for the normal 
non-exclusive, royalty free license to use that arises by operation of law in the sale of a product. 

 

EUROPEAN UNION DIRECTIVE 2002/95/EC CONFORMANCE STATEMENT 

Hereby, Motorola declares that these products comply with RoHS European Directive no. 2002/95/EC (Restriction of the use 
of Hazardous Substances) and WEEE Directive no. 2002/96/EC (Strategy of Waste management), with the exception of 
models listed in Appendix B. 

 

Motorola, Inc. 
1301 E. Algonquin Road, 
Schaumburg, IL 60196 U.S.A. 
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GLOSSARY 
 

ACE Advanced Control Equipment 

AI Analog Input 

AO Analog Output 

AWG American Wire Gauge  

DCD Data Carrier Detect 

DFM Direct Frequency Modulation 

DI Digital (Discrete) Input 

DNP Distributed Network Protocol 

DO Digital (Discrete) Output 

DPSK Differential Phase Shift Keying 

EMI Expansion Microcode Interface 

EPP Environmentally Preferred Product 

ESD Electrostatic Discharge  

EU European Union 

FCC Federal Communication Commission 

FEP Front End Processor (MCP-M, MCP-T, or FIU) 

FET Field Effect Transistor 

FPGA Field Programmable Gate Array 

FSK Phase Shift Keying 

FIU Field Interface Unit 

GND Ground 

GPRS General Packet Radio Service 

GPS Global Positioning Satellite 

GSM Global System for Mobile Communications  

GW ACE IP Gateway 

HV High Voltage 

HW Hardware 

IEC International Electrotechnical Commission 

IO (I/O) Inputs Outputs 

IP Internet Protocol 

IPGW IP Gateway 
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LAN Local Area Network  

LED Light Emitting Diode 

MCC  Master Control Center 

MCP-M Motorola Communication Processor – MODBUS 

MDLC Motorola Data Link Communication 

MODBUS MODICON BUS Protocol 

MOSCAD Motorola SCADA 

MOSCAD-L Motorola SCADA-Light 

NEMA National Electrical Manufacturers Association (issues enclosure standards) 

NTP Network Time Protocol 

OPC Open Connectivity 

OVF Overflow 

PC Personal Computer 

PLC Programmable Logic Controller 

PPC Power PC 

PPH Pulse per Hour 

PPM Parts Per Million 

PPP Point-to-Point Protocol 

PPS Pulse per Second 

PSTN Public Switched Telephone Network 

RAM Random Access Memory 

RF Radio Frequency 

ROM Read Only Memory 

RST Reset 

RTS Request to Send 

RTU Remote Terminal Unit (can be MOSCAD or MOSCAD-L) 

RX Receive 

SCADA Supervisory Control and Data Acquisition 

SBO Select Before Operate 

SDRAM Synchronous Dynamic Random Access Memory 

SNMP Simple Network Management Protocol 

SNTP Simple Network Time Protocol 

SPDT Single Pole Double Trigger 

SPST Single Pole Single Trigger 
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STS System Tools Suite 

SW Software 

TB Terminal Block 

TCP Transmission Control Protocol 

TDPSK Trunked Differential Phase Shift Keying 

TX Transmit 

UDF Underflow 

UDP User Datagram Protocol 

UHF Ultra High Frequency 

USB Universal Serial Bus 

VHF Very High Frequency 

WAN Wide Area Network 

WB Wire Break 
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DESCRIPTION 

Product Overview 
The ACE3600 is a programmable Remote Terminal Unit (RTU). Almost any automation task 
can be implemented with a suitable choice of ACE3600 components.  Typically the RTU 
monitors and controls local equipment and communicates with a control center and with other 
RTUs in the system.  The ACE3600 is the newest Motorola SCADA (MOSCAD) RTU, a 
member of MOSCAD family of RTUs and Control Center Front End Processors. 

The ACE3600 System Tools Suite (STS) can be run on a local or remote PC to perform all the 
setup, programming and monitoring operations such as RTU configuration, system/application, 
download, monitoring, etc.  

Features of the ACE3600 
The ACE3600 combines all the advantages of the legacy MOSCAD and MOSCAD-L RTUs 
with those of modern hardware and software technologies.  

Among these are: 

 A modern CPU platform with powerful microprocessor 

 Real-time operating system based on Wind Rivers VxWorks OS 

 Enhanced communication and networking capabilities 

 Rugged modular design 

 Extended operating temperature range 

 Improved power supply/charger  

 Modules with a high component density 

 System building tools 

 Interoperability with legacy MOSCAD family RTUs 

General Description 
The ACE3600 RTU is a modular unit, comprised of removable modules installed in a multi-
slot frame.  These modules include  

 Power supply  

 CPU 

 I/O modules   
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The basic (default) model includes one power supply and one CPU module.  The number of 
I/O modules is selected as an option of the base model. 

Figure 1-1 provides a general view of the ACE3600 RTU with five I/O modules. 

 

 

POWER 
SUPPLY 
MODULE 

MOUNTING 
PLATE 

CPU MODULE I/O MODULES 

Figure 1-1 ACE3600 RTU – General View 
 

I/O Module Options 
The following types of I/O modules are available: 

 Digital Inputs (DI), including High Voltage  

 Digital Outputs (DO), including High Voltage 

 Analog Inputs (AI)  

 Analog Outputs (AO) 

 Mixed I/O 

 Mixed Analog 

Communication Interfaces  
The ACE3600 CPU includes the following serial ports: 

 Configurable RS232 or RS485 serial port 

 Configurable RS232 with GPS receiver support (for time sync)   

 Ethernet 10/100 Mb/s (ACE3600 CPU3640, CPU3680 models) 
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 Two USB full speed host ports (12 Mbs) for MotoTrbo radios only (ACE3600 CPU3680 
and ACE IP Gateway only) 

 One USB device port  (ACE3600 CPU3680 and ACE IP Gateway only) (future option) 

Two additional plug-in ports can be added to the CPU.  The following types of communication 
modules are available for the plug-in ports: 

 RS232  

 RS485  

 General radio interface (Conventional or Trunking, DPSK 1200, FSK 2400, DFM 4800) 

 Ethernet 10 Mb/s 

 Ethernet 10/100 Mb/s (on plug-in Port 1 only)  

ACE3600 RTU Construction 
The ACE3600 is available in various structures: 

 Frame which can accommodate a varied number and type of modules 

 Metal chassis which accommodates the frame, and optional radios, backup battery and 
communication interfaces 

 Protective housing which accommodates the frame, and optional radios, backup battery 
and communication interfaces (suitable for outdoor installation) 

The ACE3600 frame consists of the following elements: 

 Plastic slots which accommodate the power supply, CPU and I/O modules, and 
backplane bus motherboard 

 Mounting plate for attaching the plastic slots together and mounting the frame on a 
wall 

 Backplane bus motherboard which connect the modules to each other via the signal 
buses and connects the modules with operating voltages 

 Power junction box for AC or DC power source and ground connections 

A frame can be mounted on the wall or installed in a 19” rack or customer enclosure.  For more 
information, see the Installation chapter below 

The ACE3600 frame can include wide or narrow plastic slot units: 

 Wide slot unit - can hold a power supply and a CPU or up to three I/O modules 

 Narrow slot unit - can hold up to two I/O modules  
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RTU Options 
Each RTU can include a number of options, including portable and mobile radios, and plastic 
boxes with interface card for communication, etc.   

Housing/Mounting Type Capacity/Options Illustration 

No I/O slot frame 
Basic (default) model. 

Can be installed on a wall. 

Power supply and CPU 

Can be ordered with metal 
chassis or housing options. 

Can be ordered with 19" 
frame metal back.  

2 I/O slot frame 

Can be installed on a wall. 

Power supply and CPU, 
up to 2 I/Os   

Can be ordered with metal 
chassis or housing. 

Can be ordered with 19" 
frame metal back.  

3 I/O slot frame 

Can be installed on a wall. 

Power supply and CPU, 
up to 3 I/Os 

Can be ordered with metal 
chassis or housing. 

Can be ordered with 19" 
frame metal back.  

5 I/O slot frame 

Can be installed on a wall. 

Power supply and CPU, 
up to 5 I/Os 

Can be ordered with large 
metal chassis or housing. 

Can be ordered with 19" 
frame metal back. 

 

7 I/O slot frame 

Can be installed on a wall. 

Power supply and CPU, 
up to 7 I/Os 

Can be ordered with large 
metal chassis or housing. 
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Housing/Mounting Type Capacity/Options Illustration 

8 I/O slot frame  

Can be installed on a wall or in 
19” rack/enclosure.  

Power supply and CPU, 
up to 8 I/Os 
 
Can be ordered with metal 
chassis option for accessories: 
6.5 or 10 Ah Lead-Acid 
backup battery 
1 radio; up to 4 plastic boxes. 

For all possible combinations, 
see 19” Metal Chassis 
Installation Combinations in 
the Installation chapter 
below. 

 

I/O expansion frame 

2 I/O slot, 3 I/O slot, 5 I/O slot, 
7 I/O slot, or 8 I/O slot 

I/O expansion power supply, 
I/O expansion module, up to 
8 I/Os. 
Can be connected to the main 
RTU frame. 

Can be ordered with large 
metal chassis or housing.  

Small metal chassis 

Enables installation of radio, 
backup battery and other 
accessories. 

Can be installed on a wall or in 
housing. 

Power supply and CPU,  
up to 2 I/Os,  
1 mobile/portable radio,  
6.5Ah Lead-Acid backup 
battery;   
1 plastic box can be installed 
in place of the radio.  

 

Medium metal chassis 

Enables installation of radio, 
backup battery and other 
accessories. 

Can be installed on a wall or in 
housing.  

Power supply and CPU, 
up to 3 I/Os, 
1 mobile/portable radio, 
1 plastic interface box, 
6.5 Ah Lead-Acid backup 
battery 

 

Large painted metal chassis 

Enables installation of radio, 
backup battery and other 
accessories. 

Can be installed on a wall or in 
housing. 

Power supply and CPU, 
up to 7 I/Os,  
1 plastic interface box,  
up to 2 mobile/portable 
radios, 
6.5 or 10 Ah Lead-Acid 
backup battery  
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Housing/Mounting Type Capacity/Options Illustration 

19" frame metal back 

Enables installation of radio, 
backup battery and other 
accessories. 

Can be installed in 19” rack or 
on a wall. 

Power supply and CPU, 
0, 3, 5, or 8 I/Os, 1 radio, 6.5 
or 10 Ah Lead-Acid backup 
battery, and up to 4 plastic 
boxes.  (Not all combinations 
are valid together.) 

Can be ordered with ACE IP 
Gateway, power supply, 
radio, 6.5 or 10 Ah Lead-
Acid backup battery and up 
to 2 plastic boxes. 

For all possible combinations, 
see 19” Metal Chassis 
Installation Combinations in 
the Installation chapter 
below. 

 

Small NEMA 4X/IP66 housing 

Enables installation of radio, 
backup battery and other 
accessories. 

Can be installed on a wall. 

Power supply and CPU, 
up to 3 I/Os,  
1 mobile/portable radio, 
1 plastic interface box,  
6.5 Ah Lead-Acid backup 
battery 

 
Large metal NEMA 4X/IP66 
housing 

Enables installation of radio, 
backup battery and other 
accessories. 

Can be installed on a wall. 

Power supply and CPU, 
up to 7 I/Os,  
1 plastic interface box,  
up to 2 mobile/portable 
radios, 
6.5 or 10 Ah Lead-Acid 
backup battery 

 
 

For installation instructions of each housing/mounting type, see the Installation chapter.  

For information on I/O expansion, see the I/O Expansion chapter. 

For the dimensions and weight of each combination, see Appendix A: General Specifications. 

For a detailed list of all ACE3600 options, see the ACE3600 price pages and ordering 
information.  

For a detailed description of the individual modules, see the appropriate chapter below. 
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RTU Components 
The ACE3600 RTU can include the following components. 

Component Function Notes 

Power supply module Converts the main AC or DC 
power source to the voltages 
required by the modules, 
radio/modems and 
accessories.  
Charges the backup battery 
and switches to the battery 
voltage when the main power 
fails (in models with charger.)

See Power Supply Module 
and Backup Battery chapter. 

CPU module Stores and runs the user 
application program, stores 
data collected by the I/O 
modules and communicates 
with the control center, RTUs 
and other devices via the 
communication ports. 

See CPU Module chapter. 

CPU plug-in port Enables adding various 
communication ports to the 
CPU modules. 

See CPU Module chapter. 

CPU plug-in SRAM Provides static RAM. See CPU Module chapter. 

I/O module Matches between the 
ACE3600 and signals of 
various types/levels.   
Interfaces between the 
ACE3600 and the process 
signals. 

See I/O Modules chapter. 

Terminal blocks (TB) Connects the signals to the 
I/O modules. 

See I/O Modules chapter. 

Plug-in 24V DC power supply Enables adding 24 V floating 
power supplies to I/O 
modules for contact “wetting” 
and sensor operation. 

See I/O Modules chapter. 

I/O expansion module Connects the I/O modules on 
an I/O expansion frame to the 
CPU module on the RTU’s 
main frame (frame 0), 
directly or via an expansion 
LAN switch).  

See Expansion Module 
chapter. 
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Component Function Notes 

I/O expansion power supply Connects 12V power and 
12V DO from the power 
supply on the RTU’s main 
frame to an I/O expansion 
frame, or from one I/O 
expansion frame to another. 

See Expansion Power 
Supply Module chapter. 

I/O expansion LAN switch One switch enables 
connection of up to seven 
expansion frames to the main 
frame CPU.  

Two switches allow 
connection of up to thirteen 
expansion frames to the main 
frame CPU. 

See Expansion LAN Switch 
chapter. 

ACE IP Gateway module Serves as a front end unit 
between 
ACE3600/MOSCAD RTUs 
and control center SCADA 
clients using TCP/IP 
protocol. 

See ACE IP Gateway 
Module chapter. 

TB holder kit Holds Module TBs. See I/O Modules chapter. 

Cable with TB holder A cable to connect signals to 
the I/O modules. 

See I/O Modules chapter. 

Backup battery Enables backup RTU 
operation when main power 
fails. 

See Power Supply Module 
and Backup Battery chapter. 

Radio installation kit Mechanical support and 
cables that enable installation 
of radio. 

See Radio Types and 
Installation Kits chapter. 

RS485 Connection Box Enables connection of up to 6 
devices to the RS485 port on 
the CPU (2W multi-drop). 

See the RS485 Connection 
Box chapter. 

RTU to PC RS232 cable Enables connection of the 
RTU to a PC via the RS232 
port. 

For use of the ACE3600 
Software Tools Suite (STS) 
to perform operations such 
as RTU configuration, 
system/application, 
download, monitoring, etc.  
See the ACE3600 STS User 
Guide. 
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Description 

1-9 

Component Function Notes 

RTU to PC Ethernet cable Enables connection of the 
RTU to a PC via the Ethernet 
port. 

For use of the ACE3600 
Software Tools Suite (STS) 
to perform operations such 
as RTU configuration, 
system/application, 
download, monitoring, etc.  
See the ACE3600 STS User 
Guide. 

Ethernet cable Enables the following 
connections: 

1. CPU to LAN switch 

2. LAN switch to expansion 
frame 

3. LAN switch to LAN 
switch 

See Expansion Module 
chapter. 

Ethernet cross cable Enables the following 
connections: 

1. A single I/O expansion 
frame directly to the RTU 
main frame. 

2. PC (STS) directly to one of 
the CPU Ethernet ports. 

See Expansion Module 
chapter. 

 

Model Options and Accessories 
F7500  -  ACE3600 System Tools Suite Software 

F7600  -  ACE3600 ‘C’ Toolkit Software  

The full list of ACE3600 options and accessories are listed in the ACE3600 System Planner.  

Product Safety and RF Exposure 
Before using an ACE3600 RTU model with a radio installed, read the operating instructions 
and RF exposure booklet for the specific radio contained in the product.  
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INSTALLATION 

General 
The ACE3600 RTU is shipped from the factory with the modules and plug-in ports assembled.  
The RTU frame is ready for mounting directly on a wall or in a customer's enclosure. The eight 
I/O frame can be installed on a 19" rack. 

Modules can be added to the slots in a frame before or after mounting the RTU on a 
wall/enclosure.   

  

Installation of the ACE3600 should be done only by authorized and 
qualified service personnel in accordance with the US National Electrical 
Code. Only UL Listed parts and components will be used for installation. 
Use UL Listed devices having an environmental rating equal to or better 
than the enclosure rating to close all unfilled openings.  

If the installation involves high-voltage connections, technicians must be 
specifically qualified to handle high voltage. 

If the I/O connections are powered by a hazardous voltage (>60VDC or 
>42Vpeak), all inputs should be defined as hazardous and the unit must be 
installed in a restricted access area for service personnel only. 

If the I/O connections are powered by a safety extra low voltage (SELV) 
(<60VDC or <42Vpeak), all inputs should be defined SELV.  

INSTALLATION CODES 

This device must be installed according to the latest version of the 
country's national electrical codes. For North America, equipment must be 
installed in accordance to the applicable requirements in the US National 
Electrical Code and the Canadian Electrical Code. 

INTERCONNECTION OF UNITS 

Cables for connecting RS232 and Ethernet Interfaces to the unit must be 
UL-certified type DP-1 or DP-2. (Note- when residing in a non LPS circuit.)  

OVERCURRENT PROTECTION 

A readily accessible Listed branch circuit overcurrent protective device 
rated 20 A must be incorporated in the building wiring. 
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External wiring which connects an I/O module to instruments/devices may 
not exceed 42.67m (140 feet).  
If the ACE3600 is subject to high levels of shock or vibration, you must 
take suitable measures to reduce the acceleration or amplitude. We 
recommend that you install the ACE3600 on vibration-damping materials 
(for example, rubber-metal anti-vibration mountings). 

METAL PARTS OF THE POWER SUPPLY MAY BE VERY HOT. 

After removing the power supply module, allow the metal parts to cool 
down before servicing the unit. 

  

A TORX screwdriver is required for installation. 

Mounting the ACE3600 Frame on a Wall 

  

Before drilling holes for mounting the frame, make sure there are no 
electrical wires installed inside the wall at the holes’ location. 

Four holes are provided, one in each corner of the RTU frame, for wall mounting the RTU.  
Figure 2-1, Figure 2-2, and Figure 2-3 show the dimensions of the various frames/metal chassis 
and the distances between the holes. For convenient installation of the ACE3600 RTU on a 
wall, allow an additional 6 cm (2.4") (in W, H) and 7 cm (2.75") (in D) around the plate. 

340 mm

20
5 

m
m

365 mm

26
4 

m
m

 

295 mm

33
0 

m
m

335 mm

35
5 

m
m

410 mm

44
3 

m
m

448 mm

46
8 

m
m

 
Small Metal Chassis   Medium Metal Chassis  Large Metal Chassis 

Figure 2-1  Small//Medium/Large Metal Chassis Installation Dimensions and Screw Holes 
for Installation 
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Figure 2-2  No I/O, 2 I/O, and 3 I/O Frame Installation Dimensions and Screw Holes for 

Installation 
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5 I/O Frame      7 I/O Large Frame 
 

Figure 2-3  5 I/O and 7 I/O Frame Installation Dimensions and Screw Holes for 
Installation 

 

The following screw mount installation procedure should be used to install all ACE3600 
frames (with or without a metal chassis) on a wall, except the 8 I/O (19") frame.  For the 8 I/O 
frame, see Installing the ACE3600 in a 19" Rack and Mounting the ACE3600 8 I/O Frame on a 
Wall below. 

Procedure 2-1  How to Mount the RTU Frame on a Wall 

1) Drill four holes in the wall at the horizontal and vertical distances shown in Figure 2-1, 
Figure 2-2, and Figure 2-3.   

2) Insert M4 screws (not supplied) with head size DIN 7981C/ST4, 2x38mm into the holes. 

3) Remove the modules from the frame.  

4) Lift the RTU frame and hang over the four screws. 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 545 of 1072



5) Remove the outermost modules in order to access the screws. 

6) Tighten all four screws with a screwdriver to secure the frame firmly against the wall. 

7) Replace the removed modules in their slots. 

Installing the ACE3600 in a 19" Rack 
The following screw mount installation procedure should be used to install the ACE3600 8 I/O 
(19") frame / 19" frame metal back in a 19" rack unit.  

Note: The brackets for 19" rack installation are not provided with the RTU and should be 
ordered separately. 

Procedure 2-2  How to Mount the RTU in a 19" Rack Unit 

1) Using three M4 screws supplied with kit FHN7420A, attach the metal bracket (p/n 
07013005001 from kit FHN7420A) to the side of the 19" frame metal back, according to 
the desired depth of the unit on the rack.  Repeat with the second bracket on the other side 
of the 19" frame metal back.  See Figure 2-4. 

 

Figure 2-4  Attaching Brackets to 19" Frame - Exploded View 
 

2) Screw one M5 screw (not supplied) into the upright of the 19" rack unit, to correspond to 
the top keyhole on the metal bracket.  Repeat on the opposite upright.  See Figure 2-5. 
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19” Rack Unit 
Metal Uprights

 

Figure 2-5  Screws for Hanging 19" Frame in Rack Unit - Exploded View 
 

3) Align the keyholes on the brackets with the two screws on the rack metal uprights, and 
hang the frame on the rack metal uprights.  See Figure 2-6.  Tighten the two screws to the 
uprights.  

4) To reinforce the installation, add three more M5 screws (not supplied), through the 
remaining three holes on the metal bracket, into the upright of the 19" rack unit.  Repeat on 
the opposite upright.  See Figure 2-6. 
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Metal Uprights

Screws for 
Hanging

Screws for 
Reinforcement

 

Figure 2-6  Installation of ACE3600 RTU 19" Frame in Rack Unit - Exploded View 
 

Installing the ACE3600 in a 19" Rack (for RTUs Ordered before 
October 2010) 

The following screw mount installation procedure should be used to install the ACE3600 8 I/O 
(19") frame in a 19" rack, for RTUs ordered before October 2010.  

Note: The brackets for 19" rack installation are not provided with the RTU and should be 
ordered separately. 

Procedure 2-3  How to Mount the RTU in a 19" Rack Unit 

1) Press the small metal bracket into the slot of the larger bracket.  See Figure 2-7. 

2) Secure the two brackets together with two M5 screws (supplied), according to the desired 
depth of the unit on the rack.  See Figure 2-7. 

3) Repeat steps 1-2 for the other pair of brackets. 
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4) Using the supplied two screws, attach the combined brackets to the metal upright of a 19" 
rack unit.  See Figure 2-7.  Repeat on other side. 

Bracket Groove

Small Bracket

Large Bracket

Metal Upright

 

Figure 2-7  Installation of Brackets for 19" Rack Units 
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5) Hang the 19'' metal chassis on the brackets, so that the two teeth on the back of the metal 
chassis hook onto the groove of the larger bracket.  See Figure 2-8. 

 

Figure 2-8  Installation of ACE3600 RTU 19" Rack- Exploded View 
 

6) From the standard rack unit, remove the two modules from the leftmost slots and the two 
modules from the rightmost slots.  For the 19" accessories metal chassis, no accessories 
need to be removed.  (See Figure 2-9.) 

7) Using two supplied M5 (X6) screws and a 16 cm (6.3") long screwdriver, from inside the 
slot secure the 19" metal chassis to the small bracket.  Repeat on the second side.  See 
Figure 2-8. 

8) Replace any removed modules to their slots. 
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Figure 2-9 Installation of ACE3600 RTU 19" Rack Accessories - General View 

Mounting the ACE3600 8 I/O Frame on a Wall 
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*Additional screws for extra fortification  

Figure 2-10  8 I/O Frame (19") Metal Back Installation Dimensions 
 

The following screw mount installation procedure should be used to install the ACE3600 8 I/O 
(19") frame on the wall. 

Note: The brackets for 19" wall mount installation are not provided with the RTU and should 
be ordered separately. 
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Procedure 2-4  How to Mount the RTU 19" Metal Frame Back on a Wall 

1) Remove the CPU, Power Supply and I/O modules from the RTU frame. 

2) Drill four holes into the wall at the horizontal and vertical distances shown in Figure 2-10.  
(If you choose to further secure the 19" frame, drill four additional four holes, at the 
distances shown in Figure 2-10.) 

3) Using two M5 screws (not supplied), secure the rectangular wall mounting bracket 
(07013022001 from kit FHN7419A) to the wall, as shown in Figure 2-11.  Repeat for the 
second bracket. 

                     
 

Figure 2-11  19" Frame Metal Back Bracket Installation  
 

4) Fit the metal frame in between the two brackets, lining up the holes on the sides.  (See 
Figure 2-12.) 

5) Using three supplied M4 screws, secure the left bracket to the left side of the frame.  (See 
Figure 2-12.)  Using three more screws, secure the right bracket to the right side of the 
frame. 

6) If you choose to further secure the 19" frame, screw two additional M5 screws (not 
supplied) into the two middle holes on the left bracket, as shown in Figure 2-12.  Repeat 
for the right bracket. 

  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 552 of 1072



 
 

Figure 2-12  19" Frame Metal Back Installation 
 

Mounting the ACE3600 8 I/O Frame on a Wall (for RTUs Ordered 
before October 2010) 
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Figure 2-13  RTU Metal Chassis Installation Dimensions 
 

Procedure 2-5  How to Mount the RTU 19" Metal Chassis on a Wall 

The following installation procedure should be used to install the 8 I/O (19") frame on a wall, 
using the special wall mount brackets provided with the RTU.  

1) Remove the CPU, Power Supply and I/O modules from the RTU frame. 

2) Drill four holes into the wall at the horizontal and vertical distances shown in Figure 2-13.   

3) Using two supplied screws, secure the rectangular wall mounting bracket to the wall.   
Repeat for the second bracket. 
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4) Hang the metal chassis on brackets so that the two teeth of the metal chassis hook onto the 
groove of the brackets.  (See Figure 2-14.) 

5) Using two M4 screws (not supplied) with head size DIN 7981C/ST4, 2x38mm screws, 
secure the top and bottom of the frame to the left bracket.  Repeat for the right bracket. 

 

               

Figure 2-14 RTU Metal Chassis Installation  
 

Mounting the ACE3600 NEMA 4 Housing on a Wall 
The following screw mount installation procedure should be used to install ACE3600 frames in 
NEMA 4 housing on a wall.  

For convenient installation of the ACE3600 RTU with the NEMA 4 housing, allow an 
additional 6 cm (2.4") (in W, H) and 7 cm (2.75") (in D) around the housing. 

Four mounting brackets are provided, one in each corner of the RTU, for wall mounting the 
RTU housing (see Figure 2-15 through Figure 2-17).  Figure 2-15 and Figure 2-16 show the 
distances between the bracket holes.   
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17.40"
(53.0 cm) (44.2 cm)

 
Horizontal Bracket Installation              Vertical Bracket Installation 

Figure 2-15  Large NEMA 4 Housing - Installation Dimensions 
 
 

                               

16.2" (41.2 cm)
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Figure 2-16  Small NEMA 4 Housing - Installation Dimensions 

 

Procedure 2-6  How to Mount the RTU NEMA 4 Housing 

1) Drill four holes in the wall at the horizontal and vertical distances shown in Figure 2-15 
(for the large housing) and in Figure 2-16 (for the small housing.) 

2) Using the brackets and the screws supplied in the plastic bag, fasten the mounting brackets, 
either horizontally or vertically, onto the four back corners of the housing.  See Figure 2-
17. 

3) Mount the RTU onto the wall and secure with M4 screws (not supplied) with head size 
DIN 7981C/ST4, 2x38mm through the bracket hole.  See Figure 2-17. 
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MOUNTING
BRACKET

PRE±INSTALLED
(WELDED) ON SOME
HOUSING BRANDS

  
Figure 2-17  Mounting the NEMA 4 Housing 

 

Connecting Power and Ground 
All internal electrical connections except for the main power, ground and battery are performed 
in the factory and supplied with the RTU.  The electrical interconnection diagrams are 
provided in the Break-Fix Procedures chapter. 

The procedures for the main power, ground and battery connections are provided below. 

 

The power and ground connections should be performed only by qualified 
and authorized service personnel.  All power and ground connections 
must be in accordance with local standards and laws.  

Per UL 60950 / EN 60950, install an external circuit breaker rated at 6 A 
between the power source and the ACE3600 Power supply. 

Per UL 60950 / EN 60950, for all I/O modules connections, the maximum 
voltage should not exceed 60V DC or 30 V AC unless it is specifically 
written otherwise. 

To maintain Overvoltage (Installation) Category II, install a suitable surge 
suppressor device in the branch circuit to limit expected transients to 
Overvoltage Category II values. The limits are based on IEC60664 and are 
also located in Table 2H of UL60950 (for mains = 150V, the transient rating 
is 1500V; for 150V < mains = 300V, the transient rating is 2500V; and for 
300V < mains = 600V, the transient rating is 4000V). 
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Make sure that the ground wire on the user cable is long enough to reach the 
grounding strip. 

Connecting AC/DC Main Power 
The power connection to all the ACE3600 power supply types is via the power junction box 
located on the frame beneath the power supply slot.   

  

Safety standards require that the power cable be attached to the unit at two anchor 
points:  

 Anchor point 1 for all units is inside the power junction box.  (See Figure 2-18 
below.) 

 Anchor point 2 for the basic model (No I/O Slots Frame) is located on the right of 
the power junction box. (See Figure 2-18 below.) 
Anchor point 2 for all units with housing (other than No I/O Slots) is in the 
housing power cable gland. (See Figure 2-22 below.) 
Anchor point 2 for all other units without housing (other than No I/O Slots) is 
near the unit’s ground strip. (See Figure 2-19 below.) 

                       
Clamp - Anchor Point 
Clamp - Anchor Point 

 
Figure 2-18  RTU on No I/O Frame – Cable Anchor Points 1 and 2 
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Anchor Point 2 Clamp  

Figure 2-19  RTU on Metal Chassis – Cable Anchor Point 2 
 

Procedure 2-7  How to Connect the RTU to Main Power Source (Units with Frames and Metal 
Chassis) 

1) Using a screwdriver, open the power junction box cover (save the screws) and unscrew the 
power terminals screws inside the power junction box. 

2) Thread the user's main power cable through the two supplied clamps. 

3) Attach the wires of the user cable, according to the labels (~/0 for AC and +/- for DC.) For 
the No I/O Frame, connect the ground cable to the lower wire terminals (third pair). See 
Figure 2-20 and Figure 2-21. 

Power Supply
Cable Inlet

User Power Cable

Wire 
Terminals

Anchor Point 1

Junction BoxGround Cables

Cable to Power Supply

0   ~

0   
~

 

Figure 2-20  RTU Power and Ground Connections - No I/O Frame Installation 
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Power Supply
Cable Inlet

User Power Cable

Wire 
Terminals

Anchor Point 1
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Cable to Power Supply

0   ~

0   
~

 

Figure 2-21  RTU Power and Ground Connections – All Other Installations 
 

4) Pass the power cable to the right of the wire terminals inside the junction box, over the 
horizontal ridge.  

5) Close the first clamp around the user cable and screw it onto the junction box, into the hole 
next to wire terminals (anchor point #1).  

6) Close the second clamp and screw it onto the anchor point near the grounding strip (or on 
the bottom of the plastic to the right of the junction box in case of the No I/O Slots frame.) 

7) Replace the junction box cover over the junction box.  

8) Secure the junction box cover with two saved screws. 

9) For all installations except the No I/O frame, loosen the two screws on the grounding strip 
at the bottom of the metal chassis/housing and connect the ground cable to the protective 
ground. Tighten the screws firmly.  

10) Open the door of the power supply module and press in the cable holder downwards.  

 
11) Plug the connector of the power supply cable (FKN8381A/3089004V64 for DC, 

FKN8382A/3089004V65 for AC) into the cable inlet on the power supply module (on the 
bottom of the front panel.) and rotate the cable holder upwards to secure. 
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Procedure 2-8  How to Connect the RTU to Main Power Source (Units with Housing) 

1) Using a screwdriver, open the power junction box cover (save the screws) and unscrew the 
power terminals screws inside the power junction box. 

2) Insert the rubber grommet (supplied) into the threaded plastic cable gland, and place it into 
the hole on the bottom of the housing (from the outside.)  (See Figure 2-22.) 

3) Place the nut into the same hole from inside the housing and screw the nut onto the cable 
gland. (See Figure 2-22.) 

4) Thread the user's main power cable (110/220VAC or 24-48VDC) through the cable gland 
cover from below, through the cable gland, and into the housing. (See Figure 2-22.) 

Cable 
Gland 

Grommet 

RTU Housing

NutCable 
Gland  
Cover

Power 
Cable 

 
Figure 2-22  RTU in NEMA 4 Housing – Cable Gland Anchor Point 2 

 

5) Attach the wires of the user cable, according to labels (~/0 for AC and +/- for DC.) See 
Figure 2-20 and Figure 2-21. For the No I/O frame, connect the ground cable to the lower 
wire terminals (third pair). 

6) Tighten the screws of the wire terminals and screw the wire terminals onto the junction 
box. 

7) Pass the power cable into the right side of the junction box, over the horizontal ridge. 

8) Place the user cable into the clamp, close the clamp and screw it onto the junction box, into 
the hole next to wire terminals (anchor point #1). 

9) Replace the junction box cover over the junction box. 
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10) Secure the junction box cover with the two saved screws. 

11) For all installations except the No I/O frame, loosen two screws on the grounding strip at 
the bottom of the metal chassis/housing and connect the ground cable to the protective 
ground. Tighten the screws firmly. 

12) Screw the top of the cable gland tightly to the cable gland to secure the cable (anchor point 
#2). 

13) Open the door of the power supply module and release the cable holder (press downward). 

14) Plug the connector of the power supply cable (FKN8381A/3089004V64 for DC, 
FKN8382A/3089004V65 for AC) into the cable inlet on the power supply module (on the 
bottom of the front panel.) and close the cable holder. 

Connecting the Expansion Power Supply to the Main Frame Power Supply 
When an I/O Expansion frame with an I/O Expansion power supply is added to the RTU, 
connect the power as follows:  

Procedure 2-9  How to Connect the Expansion Power Supply to the Main Frame Power Supply 

1) Using a DC power cable (FKN8559A/#3002360C26), connect the Rack Exp connector 
from the power supply on the main frame to the Power In connector on the Expansion 
power supply. 

2) If the RTU includes more than one Expansion frame, use a DC power cable 
(FKN8559A/#3002360C26), to connect the Expansion Power Out connector on the 
preceding Expansion power supply to the Power In connector on the next Expansion power 
supply. 

 

Before connecting I/O Expansion frames to the main frame, make sure that the power 
supplies in question meet the power requirements of the RTU.  For information, see 
the ACE3600 System Planner. 

Connecting the Backup Battery 
The backup battery of ACE3600 is shipped from factory disconnected. Use this 
procedure to connect the battery cable to the power supply charger. 

  

Before using the Lead Acid backup battery, it is strongly recommended to read the 
information on the battery provided in the Power Supply Module and Backup Battery 
chapter. 
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Lead acid batteries will self-discharge if they are stored without charging. Self-
discharge below the manufacturer's recommended voltage will result in internal 
permanent damage to the battery rendering it inoperable. When this occurs, if 
connected to a power supply/charger, the battery may produce excessive internal heat 
and therefore deform and/or leak. 

  

A battery contains diluted sulfuric acid, a toxic and corrosive substance.  
Avoid any bodily contact with the leaking liquid when handling leaking 
batteries and affected parts.  If the battery leaks and the liquid inside touch 
the skin or clothing, immediately wash it off with plenty of clean water.  If 
the liquid splashes into eyes, immediately flush the eyes with plenty of 
clean water and consult a doctor.  Sulfuric acid in the eyes may cause loss 
of eyesight and acid on the skin will cause burns. 

Procedure 2-10  How to Connect the Backup Battery 

1) Check the battery visually. If the battery looks deformed and / or you notice corrosion on 
the battery terminals and / or the battery leaks, DO NOT use the battery and replace it with 
a new battery. 

2) Check the battery terminal voltage level before connecting it. If the battery voltage is less 
than 12.5V DC, DO NOT use the battery and replace it with a charged battery that 
measures at least 12.5V DC. 

3) If the battery passes a visual inspection and the terminal voltage is correct, plug the battery 
cable (FKN8376A/#3089927V10) into the Battery In/Out connector on the power supply 
module. 

4) Fully charge the battery prior to initial use (~10 hours). 

Connecting I/O Modules to Ground 
Before operating the I/Os in the ACE3600, the I/O modules must be connected to ground.   

Procedure 2-11  How to Connect an I/O Module to Ground 

1) Identify the PGND pin(s) on the I/O module using the Module Block Diagram or 

Connection Charts in the relevant chapter for the I/O module type.  See the symbol  
next to the Protective Ground in the Module Block Diagrams. 

2) If user-supplied cables are used, connect the ground wire(s) to the PGND pin(s) on the I/O 
module and to the grounding strip at the bottom of the RTU.  (See grounding strip in 
Figure 2-19 above.) 

3) If the wired cable braid is used, identify the ground wire(s) based on the pin number 
printed on the wire label.  
Connect the ground wire(s) from the cable braid to the PGND pin(s) on the I/O module and 
to the grounding strip at the bottom of the RTU.  (See grounding strip in Figure 2-19 
above.)   
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4) Repeat steps 1-3 for the PGND wires on all I/O modules.   

Connecting an RTU to Ground 
When an RTU is installed, individual ground wires (from the power cable and from the PGND 
pin on the I/O module cables) are connected to the grounding strip on the chassis.  The 
grounding strip must then be connected to the grounding point of the cabinet or 19" rack.   

In an RTU with I/O expansion, the grounding strip of each frame must be connected to the 
grounding point of the cabinet or 19" rack.  Figure 2-23 below depicts the ground connections 
of an RTU with a single expansion frame and Figure 2-24 depicts the ground connections of an 
RTU with multiple expansion frames. 

Crossed 
LAN Cable

I/O Frame

DC 
Cable

Main Frame

Grounding
Wire

Protective Ground
  

Figure 2-23  Ground Connections of an RTU with a Single Expansion Frame 
 

I/O Frame #3

Main Frame

Protective Ground

I/O Frame#1
I/O Frame #2

Ground Wire

Expansion
Power Cable

LAN Cable

  
Figure 2-24  Ground Connections of an RTU with Multiple Expansion Frames 
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Connecting the Radio 
A radio which is shipped in the ACE3600 is fully connected.  To add a radio to the ACE3600, 
use the appropriate radio installation kit.  For information on radio types, radio installation kits 
and connections, see the Radio Types and Installation Kits chapter. 

Opening/Closing the Housing Door 
The door to the small ACE3600 NEMA 4 housing is equipped with a latch or with an optional 
padlock accessory.  See Figure 2-25.  The door to the large ACE3600 NEMA 4 housing is 
equipped with two door latches or with an optional padlock accessory plus a latch.  See Figure 
2-26. 

Procedure 2-12  How to Open and Close the Housing Door 

1) To open a small RTU housing equipped with a door latch, turn the latch clockwise.  The 
door will open.    
To open a small RTU housing equipped with the padlock accessory, remove the user-
supplied padlock (if one exists) and turn the padlock accessory clockwise.  The door will 
open. 
To open a large RTU housing equipped with two door latches, turn both latches clockwise.  
The door will open.    
To open a large RTU housing equipped with the padlock accessory and a latch, remove the 
user-supplied padlock (if one exists) and turn the padlock accessory and latch clockwise.  
The door will open. 

2) To close a small RTU housing equipped with a door latch, turn the latch counterclockwise 
and push the door closed until the latch clicks.   
To close a small RTU housing equipped with the padlock accessory, turn the padlock 
accessory counterclockwise and push the door closed until the latch clicks.  Add the user-
supplied padlock (if one exists) to lock the door. 
To close a large RTU housing equipped with two door latches, turn both latches 
counterclockwise and push the door closed until the latch clicks.   
To close a large RTU housing equipped with the padlock accessory and a latch, turn the 
padlock accessory and latch counterclockwise and push the door closed until the latch 
clicks.  Add the user-supplied padlock (if one exists) to the padlock accessory to lock the 
door. 

                        

Figure 2-25  Small ACE3600 NEMA 4 Housing/Housing with Padlock 
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Figure 2-26  Large ACE3600 NEMA 4 Housing/Housing with Padlock 

Installing Plastic Box Interfaces 
Cards such as RS485 interface card can be attached to the ACE3600 RTU using a plastic box.  
The plastic box can be attached to the 19" accessories metal chassis, small/large metal chassis, 
or small/large NEMA housing. 

Procedure 2-13  How to Install the Plastic Box Interface on the Metal Chassis 

1) To connect the plastic box interface to the metal chassis, place the box on the metal plate 
and click the two pegs on the back of the plastic box into the desired holes on the metal 
chassis.  See Figure 2-27. 
Note: This figure is for illustration purposes only.  It is not relevant to install all the 
accessories below on the same metal chassis. 
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Mobile Radio

Portable Radio
Plastic Boxes

Battery
 

Figure 2-27  Accessories Installed on a Metal Chassis 
 

2) To remove the plastic box interface from the metal chassis, insert a screwdriver into the 
notch located in the snap securing the unit to the chassis.  Slightly bend the snap outwards 
to release it from the slot, and carefully pull out the unit. 

19" Metal Chassis Installation Combinations 
The 19" metal chassis can be ordered with a variety of frames, modules, and accessories (e.g. 
battery, radio, plastic box.)  In certain cases, choosing a certain accessory reduces the other 
options.  For example, the portable radio is installed on the 19" metal chassis with the No I/O 
Frame in place of one plastic box.  Likewise a battery is installed on the 19" metal chassis with 
the No I/O Frame in place of one plastic box. 

For diagrams of the various combinations, see Figure 2-28 below. 
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Installation 

2-25 

   

 

       
Figure 2-28  19" Metal Chassis Installation Combinations 
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POWER SUPPLY MODULE AND BACKUP BATTERY 

General Description/Module Overview 
The ACE3600 power supply module provides the other modules in the RTU with their 
operating voltages via the motherboard bus. 

The following power supply options are available: 

 DC power supply low-tier (10.8-16V) 

 DC power supply (10.8-16V) - provided by default with the ACE3600 RTU 

 DC power supply (18-72V) 

 DC power supply (18-72V) with battery charger 

 AC power supply- 100-240V 

 AC power supply- 100-240V with battery charger 

 
Common characteristics of all power supply modules (not including the DC power supply low-
tier): 

 On/Off switch on the front panel 

 Controlled auxiliary voltage outputs 

 Heat convection cooling (no need for fans) 

 Short protection outputs 

 Over heating protection 

 Status LEDs in the front panel 

 PS located on the leftmost slot of the frame 

 Input current protection fuse 

 Controlled power line enables centralized disabling of Electrically Energized relay outputs 
in selectable DO modules. 

Note: The DC power supply low-tier does not support radios that require input power other 
than 10.8-16V.  Do not use portable radios which require 7.5V input with this option. 

Note: The low limit of the DC power supply (10.8-16V) can be configured to 10.5V.  The 
default is 10.8.   
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Common characteristics of power supply modules with battery charger: 

 Automatic switchover to battery on power fail 

 Automatic switchover to main power on power return 

 Temperature compensated charging 

 Over-charging protection 

 Over-discharge protection 

 Battery test and diagnostics, including battery controlled discharge 

Characteristics of the DC power supply low-tier: 

 Two auxiliary voltage outputs 

 Short circuit protection outputs 

 PS located on the leftmost slot of the frame 

 Overvoltage protection for CPU and I/Os 

 Reverse voltage protection 

Figure 3-1 below depicts a general view of the power supply.  

 DO 
BATT

AUX1

PWR

AUX2

This converter 
exists only in AC 
or 18-72V DC PS

AUX 1A

AUX 1B

AUX 2A

AUX 2B

12V_DO

Battery

Rack Exp

Temp

Power In 

18-72 

VDC

AUX 1A

ON

OFF

     

      Power Supply       DC Power Supply Low-Tier 
Figure 3-1 ACE3600 Power Supply – General View 
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Note: An additional power supply module for use with I/O expansion frames is described in the 
Expansion Power Supply Module chapter below.   

 

METAL PARTS OF THE POWER SUPPLY MAY BE VERY HOT. 
After removing the power supply module, allow the metal parts to cool 
down before servicing the unit. 

 

Figure 3-2 below depicts a detailed view of the power supply front panel.  

PWR

AUX1

AUX2

 DO

Auxiliary Output 1A
Auxiliary Output 1B
Auxiliary Output 2A
Auxiliary Output 2B
12V DO Control
12V Out to I/O Expansion
Battery In/Out
Temperature Sensor

AC/DC Main Power Input

BATT

On/Off Switch

Indication LEDs

DC Main Power Input   

            Power Supply                       DC Power Supply Low-Tier 
Figure 3-2 ACE3600 Power Supply – Front Panel 

 

ON/OFF Switch 
The front panel of the power supply module includes an ON/OFF switch for the module.  In the 
OFF (down) position, all the power outputs except Battery In/Out are disabled.  A mechanism 
is provided to prevent accidentally changing the switch position. 
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In power supply modules equipped with a battery charger, if the ON/OFF switch is in 
the OFF position, and the RTU main power is connected, the Battery In/Out is not 
disabled to ensure battery charging. 

Input/Output Connectors 
The front panel of the power supply module (not including DC power supply low-tier) includes 
the following connectors.   

Connector Name Description Notes 
Auxiliary Output 1A 13.8V DC (±5%) @ 20°C 

User controlled power 
output.  
Short protected. 

This output is used for powering radios, 
modems, etc.  
The output can be switched ON/OFF 
either by the user application program 
or using the STS hardware test.   
(Default = ON) 
For more information, see the 
Performing Hardware Tests section or 
Application Programmer section of 
ACE3600 STS User Guide. 

Auxiliary Output 1B Same as Auxiliary Output 
1A 

Same as Auxiliary Output 1A 

Caution: Auxiliary Output 1A and 1B are ON by default with 13.8V DC.  Do NOT plug in a 
radio which requires less voltage or the radio may be damaged. 

Auxiliary Output 2A DC Power Output  
Selectable/programmable  
3.3 to 9V DC or  
13.8V DC (±5%) @ 20°C.  
User controlled power 
output.  
Short protected. 

This output is used for powering radios, 
modems, etc.  
The output voltage can be set by the 
user using the STS site configuration.   
The output can be switched ON/OFF 
either using the STS hardware test or by 
the user application program. (Default = 
OFF) 
If both 2A and 2B are ON, they must 
have the same output level.  The voltage 
levels of AUX2A and AUX2B are the 
same. 

Auxiliary Output 2B Same as Auxiliary Output 
2A 

Note: Auxiliary Output 2B can be ON 
independently of 2A.   
The voltage levels of AUX2A and 
AUX2B are the same.  
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Connector Name Description Notes 
Caution: If both 2A and 2B are ON, they must have the same output level.  If cables are 
connected to Auxiliary Output 2A and 2B, they must use the same voltage. 

12V DO Control Control input that enables 
centralized disabling of 
Electrically Energized (EE) 
relay outputs in selectable 
DO modules. 

Input open = Relays are 
disabled.  (ML relays do not 
change state) 
Input shorted = Relays are 
enabled. 

This input controls a dedicated 12V 
power line that is available to all the 
slots in the frame.  In each relay DO 
module, the user can mechanically 
select to power the relay coils from this 
dedicated 12V power line.  

For details on setting this control, see 
the Module Configuration section of the 
DO Relay Module chapter. 

The power supplies on I/O expansion 
frames can be attached via DC cable to 
the power supply on the previous I/O 
expansion frame in a daisy-chain 
manner, or directly to the main power 
supply.  In this case, the 12V DO 
control on the main power supply can 
control all DO EE relays in the entire 
RTU that were configured by dip switch 
for 12V DO.  This enables the user to 
inhibit all DO EE relays in the entire 
RTU simply by removing the plug from 
the 12V DO control in the main power 
supply. 

If the main power supply does not 
control all other power supplies in the 
RTU, it is recommended to have a 
single on/off to control DO relays 
simultaneously. 
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Connector Name Description Notes 
12V Out  In systems with I/O 

expansion, provides 12V 
output to expansion power 
supplies on expansion 
frames.   

Pin 1- PGND 
Pin 2- 12V DO 
Pin 3- GND 
Pin 4- MAIN (12V) 

The power supplies on I/O expansion 
frames can be attached via DC cable to 
the power supply on the previous I/O 
expansion frame in a daisy-chain 
manner, or directly to the main power 
supply.  In this case, the main power 
supply controls the entire RTU.  This 
enables the user to turn off the entire 
RTU simply by turning off the main 
power supply. 

If the main power supply does not 
control all other power supplies in the 
RTU, it is recommended to have a 
single on/off switch to control all power 
supplies simultaneously. 

Battery In/Out  
(only in power 
supply with charger) 

Battery charger output when 
the main power exists. 

Backup power input from 
battery when the main power 
fails. 

The charging voltage level is controlled 
by the battery charger and is a function 
of the temperature. 

Temperature Sensor Sensor for battery 
temperature to control 
charging level.   

(In modules with power supply and 
charger only)  
For more information, see the Backup 
Battery section below. 

AC/DC Main Power 
Input 

Cable inlet for main power 
cable (AC or DC) 

The cable is part of the RTU frame 
(connected to the power junction box.) 

Note: When the cable male connected is 
place in this input, it locks the power 
supply module in its slot.  To remove 
the power supply module, first unplug 
the power input cable. 

 

The front panel of the DC power supply low-tier includes the following connectors.   

Connector Name Description Notes 
Auxiliary Output 1A Vin=Vout 

Shorted to Power IN. 
This output is used for powering radios, 
modems, etc.  
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Connector Name Description Notes 
Auxiliary Output 1B Vin=Vout 

Shorted to Power IN. 
This output is used for powering radios, 
modems, etc.  

10.8-16V DC Main 
Power Input 

Cable inlet for main power 
cable (DC) 

The cable is part of the RTU frame 
(connected to the power junction box. 

Note: When the cable male connected is 
place in this input, it locks the power 
supply module in its slot.  To remove 
the power supply module, first unplug 
the power input cable. 

 

LEDs 
The front panel of the power supply module (not including the DC power supply low-tier) 
includes five indication LEDs. 

LED Name Description Status 

PWR Power LED  Indicates the existence of AC or DC main power in 
the Main Power input. 

When the ON/OFF switch is in ON position - the 
LED is lit in Green. 

When the ON/OFF switch is in OFF position, but 
there is AC or DC input or battery-  
the LED is lit in Red. 

When the ON/OFF switch is in ON position and the 
unit is powered from the battery -  
the LED is lit in Orange. 

When there is no AC or DC input or battery 
connected - the LED is OFF. 

AUX1 Auxiliary Output 1 
LED 

AUX1A is ON - Green 
AUX1B is ON - Red  
AUX1A and AUX1B are ON – Orange 

AUX2 Auxiliary Output 2 
LED 

AUX2A is ON - Green 
AUX2B is ON - Red  
AUX2A and AUX2B are ON – Orange 

DO Digital Output Control 
LED 

Relays enabled – LED ON – Green 
Relays disabled – LED OFF 
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LED Name Description Status 

BATT Battery LED No battery/thermistor - LED OFF  

Battery is fully charged (charging current <20mA) - 
LED ON - Green  

Battery is being charged (charging current  >20mA 
and <600mA)- LED ON – Green/Yellow Blinking 

Battery is being charged (charging current >600mA)- 
LED ON – Yellow  

Battery is discharging (battery voltage is higher than 
voltage of power supply) - LED ON – Red. 

Battery charging current is stabilizing - LED ON – 
Yellow Blinking. 

When battery capacity test is being performed - the 
LED is lit in Green Blinking. 

Battery tests are performed using the STS Hardware 
Test function or the user application program. 

 

Battery Charger 
Power supply modules with a battery option support a 6.5 or 10 Ah Lead-Acid battery.  The 
power supply automatically switches to the backup battery as a 12V DC power source for the 
RTU and communications when the main AC or DC power source fails. 

Power supply modules with a 12 VDC smart battery charger option charge the backup battery 
when not in use, and protect the battery from over-discharge.  The charger performs battery 
tests/diagnostics, including controlled battery discharge, when requested by the user.  If the 
battery is failed, the charger will not charge it and will send a failed status signal to the CPU.  
If the battery is remotely located, long battery cables can be used.   

The DC power supply low-tier does not include a battery option. 

Charging the Battery 
The charging voltage of the Lead-Acid battery is controlled by the charger as a function of the 
battery temperature. The charging profile is set to comply with the temperature-compensated 
float-voltage of the ACE3600 battery. 

Diagnostics 
A battery test can be performed on the Lead-Acid battery, either from the ACE3600 STS 
Hardware Test utility or from the user application program.  The battery test includes disabling 
the battery charger, discharging the battery and measuring the capacitance.  For more 
information, see the Hardware Test section or the Creating a User Application section of the 
ACE3600 STS User Guide.  
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It is recommended to run a battery capacity test once per month (for more exact results 
perform at +10˚ to +30˚C), and a charge level test once per day.  The capacity test 
lowers the main DC to a safety net level (~12V) so that the battery will be activated.  
The battery is heavily loaded for ~45 seconds, the power supply LED blinks green, 
and the battery capacity is measured.  If the capacity is below the manufacturer 
recommended level, the battery should be replaced with a new one.  (See Replacing 
the Backup Battery below.)  Note that the capacity test is only available for the battery 
types supplied by Motorola. 

The results of the battery capacity test can be:  

 Battery OK 

 Battery needs to be replaced 

 Test blocked - bad environment 

The battery capacity test will be blocked under the following conditions: 

1.  If the battery is discharging (battery is main power source of RTU), 

2.  If the battery or thermistor is disconnected, 

3.  If the battery temperature is outside the specified range,  

4.  If the battery type is not properly configured, 

5.  If the battery is not fully loaded. 

For test accuracy, all heavy current consumers should be turned off.  In the Hardware Test, the 
user should freeze the power supply before performing the battery capacity test. 

Connecting the Power Supply to a Power Source 
The power supply can be connected to an AC or DC power source.  The DC power supply low-
tier can be connected to a DC power source only.   

The expansion power supply module is connected to another ACE36000 power supply using a 
DC power cable (FKN8559A/#3002360C26). 

For instructions on connecting the power supply to a power source, see the Power and Ground 
Connections section of the Installation chapter above. 
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All power and ground connections must be in accordance with local standards and 
laws. 
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Power Supply Module Specifications 
The following charts detail the specifications of the various power supply modules.  For 
specifications of the power supply module used with I/O expansion frames, see the Expansion 
Power Supply Module chapter below. 

12V DC Power Supply Module (Default) 

Input Voltage DC 10.8-16 V 
The low limit of the DC power supply (10.8-16V) can be configured to 10.5V.  
The default is 10.8. 

Outputs Motherboard connector (to CPU and I/O modules): equal to input voltage, max. 
4 A  
AUX1A/AUX1B: equal to input voltage, max. 8 A, on/off controlled by user 
program    
AUX2A/AUX2B (configurable): equal to input voltage (default), max. 8A,   
or 3.3 (default), 5, 7.5, 9 V DC ±10%, max. 2.5A, on/off (default) controlled by 
user program  

Note: max. 8 A total current consumption from all outputs 

No Load Power 
Consumption 

Max. 50 mA 

Diagnostic LEDs Status LED for: input voltage, AUX1 and AUX2 outputs, 12V control for DO 
modules 

Input Protection Internal line fuse, replaceable  

Output Protection AUX2A/B short circuit, automatic recovery on 3.3, 5, 7.5, 9 V 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x  7.1" D)  
Weight Approx. 0.43Kg  (0.95 Lb) 

  

12V DC Low-Tier Power Supply Module 

Input voltage 10.8-16 V DC 

Outputs Motherboard connector (to CPU and I/O modules): The same as input voltage / 
max. 4 A  
AUX1A/AUX1B: equal to input voltage max. 8A  
Note: max. 8 A total current consumption from all outputs 

Input Protection Internal line fuse, replaceable 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x  7.1" D)  
Weight Approx. 0.43Kg  (0.95 Lb) 

Specifications subject to change without notice. 
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18-72V DC Power Supply Modules 

Input Voltage 18-72 V DC  

Total Power 18-72 V DC Max. 60 W continuous; max. 105 W peak @ 25% duty cycle 

Outputs Motherboard connector (to CPU and I/O modules): 13.2 V DC ±20%, max. 4 A  
AUX1A/AUX1B: 13.2 V DC ±20%,  max. 8 A, on/off controlled by user 
program   
AUX2A/AUX2B (configurable): equal to AUX1A/AUX1B voltage, max. 8 A,   
or 3.3 (default), 5, 7.5, 9 V DC ±10%, max. 2.5A, on/off (default) controlled by 
user program  

Note: max. 8 A total current consumption from all outputs 

Battery Charger  12 V Lead Acid battery charger (in PS model with charger) 

Automatic charging of 6.5 or 10 Ah backup battery, battery temperature sensing, 
overcharging protection, battery capacity test and diagnostics, automatic battery 
switch-over 

Diagnostic LEDs Status LED for: input voltage, AUX1 and AUX2 outputs, 12 V Control DO for 
DO modules, and battery  

No Load Power 
Consumption 

Max. 250 mA 

Efficiency  80% typical, 76% with full load 

Inrush Current  10 A maximum, for 2 mSec. Max, cold start at 25°C 

Protection Internal line input fuse (replaceable), short circuit automatic recover  

Output Protection AUX2A/B short circuit, automatic recovery on 3.3, 5, 7.5, 9 V 

Insulation Input to case: 500 V DC, input to output 500 V DC 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x 7.1" D)  
Weight Approx. 1Kg  (2.2 Lb) 

Specifications subject to change without notice. 
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AC Power Supply Module 

Input voltage 100-240 V AC, 50/60 Hz  

100-240 V AC, 50/60 Hz with 12V smart battery charger   

Total Power Maximum 60 W continuous; maximum 105 W peak @ 25% duty cycle 

Outputs Motherboard connector (to CPU and I/O modules): 13.2 V DC ±20%, max. 4 A  
AUX1A/AUX1B: 13.2 V DC ±20%, max. 8 A, on/off controlled by user 
program   
AUX2A/AUX2B (configurable): equal to AUX1A/AUX1B voltage, max. 8 A,   
or 3.3 (default), 5, 7.5, 9 V DC ±10%, max. 2.5A, on/off (default) controlled by 
user program  

Note: max. 8 A total current consumption from all outputs 

Battery Charger  12 V Lead Acid battery charger (in PS with charger) 

Automatic charging of 6.5 or 10 Ah backup battery, battery temperature sensing, 
overcharging protection, battery capacity test and diagnostics, automatic battery 
switch-over 

Diagnostic LEDs Status LED for: input voltage, AUX1 and AUX2 outputs, 12V Control for DO 
modules, and battery  

No Load Power 
Consumption 

130 mA @ 220 V AC 

Efficiency  80% typical @230 V AC, 76% typical @115 V AC (full load) 

Inrush Current  25 A maximum, for 2 mSec. Max, cold start at 25°C 

Power Factor 0.98 typical at 230 V AC, 0.99 typical at 115 V AC 

Protection Internal line fuse, replaceable  

Output Protection AUX2A/B short circuit, automatic recovery on 3.3, 5, 7.5, 9 V 

Insulation Input to case: 1500 V AC, input to output: 3000 V AC 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x  7.1" D)  
Weight Approx. 1kg (2.2 lb) 

Specifications subject to change without notice. 
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Backup Battery 

Overview 
The ACE3600 backup 12V Lead-Acid battery provides backup for the main input power.  The 
battery is available in two capacities: 6.5 Ah and 10 Ah.  Switching from main input power to 
the battery and charging of the battery is performed by the ACE3600 power supply module.   

Sealed Lead Acid technology batteries can be recharged and discharged at a temperature range 
of -30º to +60ºC. Storage and operating temperatures affect the battery capacity and lifespan. 
ACE3600 power supply modules include a special charging power supply designed to fit the 
specific temperature-compensated float-voltage-charging curve of the battery.  

 

Lead Acid batteries will self-discharge if they are stored without charging. Self-
discharge below the manufacturer's recommended voltage will result in internal 
permanent damage to the battery rendering it inoperable. When this occurs, if 
connected to a power supply/charger, the battery may produce excessive internal heat 
and therefore deform and / or leak. 

The batteries are shipped disconnected from the power supply/charger. To ensure that 
there are no battery problems on your ACE3600 project, each Lead Acid battery 
MUST be fully charged and checked before connecting it to the ACE3600 power 
supply/charger. To verify that the battery is fit for use, measure the BATTERY OPEN 
CIRCUIT voltage (when the battery is not connected to the power supply/charger) 
with a digital voltmeter.  If the battery voltage is less than 12.5 V DC, DO NOT use 
the battery and replace it with a new ACE3600 battery that measures more than 12.5 V 
DC.  

Before transporting the battery, read and follow all safety information located on the 
battery case. 

 

ACE3600 batteries are shipped from the factory tested, fully charged and with a label 
stating the next time it should be recharged when stored at temperatures of 30ºC or 
less. 

Motorola battery warranty is valid only when the battery is charged with the original 
Motorola ACE3600 charging power supplies. Use of any other power supply/charger 
will void the battery warranty. 
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Under various state or local laws, the batteries must be recycled or disposed of 
properly and cannot be disposed of in landfills or incinerators. Environmental 
protection regulations classify used Lead Acid batteries as hazardous waste, unless 
certain exemptions apply. Consideration should be given to the methods of collecting, 
labeling, handling and shipping used Lead Acid batteries. Please consult the 
environmental protection authority for specific legal requirements and for recycling 
options in your country/area. 

Backup Battery Storage, Lifespan, Inspection and Replacement 
The manufacturer’s recommendations for handling during each of the battery’s life stages are: 

 Transportation: 

Batteries must be handled with care to prevent falls, impact, short circuit or exposure 
to high temperatures and fire.  

 Battery Storage: 

Storage of batteries in a warehouse requires a periodic recharge. The time between 
these recharge cycles depends upon the storage temperature. The minimum open 
circuit voltage allowed on the battery before recharging is 12.42 V, which represents 
remaining capacity of approximately 30%. Therefore it is recommended to perform a 
full charging cycle every few months depending upon the storage temperature of the 
battery. Please refer to Table 3-1 to determine the suggested maximal period between 
recharge cycles that suits the actual storage conditions. Improper storage may cause 
deep discharge of the battery, which might cause degradation of the battery operating 
life and lower the actual delivered capacity. Motorola performs a periodic full charge 
cycle procedure on stored batteries and a final full charge operation prior to shipment. 

 Lifespan: 

The average temperature of the battery environment affects the lifespan of batteries 
installed in the field. Please refer to the battery vendor information at the following 
website: 

·  (Sonnenschein  A512/6.5S and A512/10S): http://www.sonnenschein.org/A500.htm  

 Inspection and Replacement: 

It is important to inspect the batteries periodically (recommended every 6-12 month) 
and replace any battery that has corrosion on the leads or it is deformed or leaks. Such 
a battery should be disposed according to the local environmental laws. To assure the 
battery availability and proper operation, the battery should be replaced at the end of 
its lifespan (approximately 30% capacity) even if it is still functional. Measure the 
battery open circuit voltage using a digital voltmeter as described above. Please note 
that using a battery beyond its lifespan period may cause a battery heating, leakage 
and/or deformation.  
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Table 3-1: Recommended Time between Periodic Battery Recharge vs. Storage Temperature 
Average Storage 

Temp (°C) 
Recharge Interval 

(Months) 

25 12 

45 4 

60 1 
 

Replacing the Backup Battery 

 

A battery contains diluted sulfuric acid, a toxic and corrosive substance. Avoid any 
bodily contact with the leaking liquid when handling leaking batteries and affected 
parts. If the battery leaks and the liquid inside touch the skin or clothing, immediately 
wash it off with plenty of clean water. If the liquid splashes into eyes, immediately 
flush the eyes with plenty of clean water and consult a doctor. Sulfuric acid in the eyes 
may cause loss of eyesight and acid on the skin will cause burns. 

Procedure 3-1 How to Replace the Lead Acid Backup Battery 

To replace the Lead-Acid backup battery, follow the procedure below. 

1) Disconnect the battery cable from the Battery connector of the power supply (see 
Figure 3-2) and from the battery. 

2) Unscrew the battery holders (two screws in the small battery and four screws in the 
large battery) with the attached battery temperature sensor.  (See Figure 3-3 below.) 

               

Figure 3-3 Backup Batteries – Exploded View 
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Power Supply Module and Backup Battery 

3-17 

 
3) Remove the old battery from the RTU. 

4) Check the replacement battery visually.  If the battery looks deformed, if you notice 
corrosion on the battery terminals, or the battery leaks, DO NOT use the replacement 
battery; get another replacement battery.   

5) Check the replacement battery terminal voltage level before connecting it. If the 
battery voltage is less than 12.42V DC, DO NOT use the battery and replace it. 

6) If the replacement battery passed the visual inspection and the terminal voltage is 
satisfactory, put the battery into place on the RTU and screw in the battery holders. 

7) Connect the battery cable to the battery terminals in the correct polarity. 

8) Connect the battery cable to the Battery In/Out connector on the front panel of the 
power supply module. 

9) Recharge the replacement battery for 10 hours to be fully charged. 
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CPU MODULE 

General Description 
The main element of the ACE3600 is the CPU module. It controls the I/O modules, processes 
the gathered data and communicates with the outside world. 

The core of the module is Freescale’s MPC8270 32-bit microprocessor which has extended 
communication capabilities, high speed core, DMA and floating point calculation support.  The 
module includes on-board memory, communication ports, I/O bus interface and other circuits.  
The firmware is based on Wind River’s VxWorks operating system. 

Module Location: The CPU is a removable module located in a dedicated slot in the RTU rack. 
The CPU module must be plugged into the wide slot to the right of the Power Supply module.  
(Inserting the module in the wrong slot will not cause any damage to the CPU.) 

Figure 4-1 provides a general view of the ACE3600 CPU (Models 3610, 3640, and 3680). 
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                       Figure 4-1  ACE3600 CPU – General View 
 

 

The CPU panel includes status LEDs, user LEDs, communication port LEDs, two pushbuttons, 
and communication ports.  The panel is covered by the module door. 

Figure 4-2 provides a detailed view of the CPU front panel. 
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Figure 4-2  ACE3600 CPU (Models 3610/3640/3680) – Front Panel 

Front Panel 

Communication Ports 
The CPU module includes several communication ports: 

On Board ports: 

 USB Host 1/2 (HU1/HU2) - USB Type A host full speed ports for MDLC over IP 
communication via the MotoTrbo digital mode radio system (up to two radios 
attached to two USB host ports at one time) No USB devices or USB Hubs other than 
MotoTrbo radios are supported. 

 Serial 1  (SI1) – RS232/RS485 serial port (configurable)  

 Serial 2  (SI2) – RS232 serial port 

 Ethernet (Eth1) - 10/100BaseT Ethernet port (CPU 3640 or 3680 only) 

 DU1 – USB device port, Type B connector (future option) 

Plug-in port bays, where different types of ports can be installed: 

 Plug-in 1  (PI1) – fits RS232, RS485, 10 MB Ethernet, 10/100 MB Ethernet, or Radio 
Modem Plug-in option 
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 Plug-in 2 (PI2) – fits RS232, RS485, 10 MB Ethernet, or Radio Modem Plug-in port 
option. 

For the detailed specifications of each port, see CPU 3610/CPU 3640 Module Specifications 
and CPU 3680 Module Specifications below.  For information on the cables and connectors, 
see Appendix C. 

 

The ACE3600 Ethernet port performs an Auto-Negotiation procedure whenever a peer 
device connection is detected at a 10/100 Mbps Ethernet port..  The Auto-Negotiation 
procedure guarantees that the speeds of ACE3600 and peer Ethernet ports will match, 
whether or not the peer supports Auto-Negotiation.  If the peer supports Auto-
Negotiation, the duplex of ACE3600 and the peer Ethernet ports also match. 

It is recommended to configure the Ethernet port of the device connected to the 
ACE3600 Ethernet port (e.g. switch, etc.) to Auto-Negotiation mode.  This will 
guarantee a full match of speed and duplex between the ACE3600 and the peer device 
Ethernet ports.  If the peer device Ethernet port does not support Auto-Negotiation, set 
the duplex of the peer to half duplex to avoid the duplex mismatch problem. 

Peer Ethernet Port Mode  
Auto  100 Mbs  

Full Duplex 
100 Mbs  

Half Duplex 
10 Mbs  

Full Duplex 
10 Mbs  

Half Duplex 
Speed Match 
with ACE3600      
Duplex Match 
with ACE3600      

 

Buzzer 
The CPU module includes a buzzer (audio indication), which is used to indicate task 
completion (such as end of download/upload, restart etc.) and can also be controlled from the 
user application program.   

Pushbuttons 
The CPU includes two pushbuttons on the front panel, PB1 and PB2.   

These pushbuttons are used for activating and testing the modules LED, restarting the unit, 
erasing the user Flash memory and activating memory test.  Table 4-2 describes the 
pushbuttons functionality. 

The pushbuttons can also be monitored by the user application program (when it is running) for 
the application purposes. 
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LEDs 
The CPU includes CPU status LEDs, port status LEDs, and user LEDs.  Some of the LEDs are 
single color (green) and some are bicolor LEDs (red, green or orange).  

Status LEDS indicate the CPU status in startup (boot), run-time or when there is a failure. The 
communication LEDs are used to indicate the communication port status. The user LEDs can 
be used by the user application program. Note that during startup or failure, the communication 
and user LEDs are used to indicate various situations. Table 4-4 details the LEDs functionality. 

CPU Memory  
The ACE3600 CPU includes Flash, SDRAM, and optional SRAM Plug-in memory.     

The Flash stores the firmware, the user application program, and the user data.   

The SDRAM memory stores the temporary data. 

The optional SRAM memory expansion is used for logging user data.  The SRAM data is 
retained using an on-board rechargeable lithium battery.    See Backup Battery for SRAM and 
RTC for more information. 

The size of the CPU memory is determined by the model as shown in the table below. 

Table 4-1 ACE3600 CPU Memory 
 

 Model 
3610 

Model 
3640 

Model 
3680 

Flash memory 16 MB 16 MB 32 MB 

SDRAM 
memory:  

32 MB 32 MB 128 MB 

User Flash:  3 MB 3 MB  19 MB 

User SDRAM:  10 MB 10 MB  118 MB 

SRAM Plug-In 4 MB 4 MB 4 MB 

Real Time Clock (RTC)  
The CPU includes a low drift RTC.  The date and time are retained using an on-board 
rechargeable lithium battery.   

The CPU date and time can be set using the ACE3600 STS.  The CPU can also be 
synchronized with other RTUs in the system, using the system clock.  For more information, 
see the Setting/Getting a Site’s Date and Time section or the Creating a User Application 
section of the ACE3600 STS User Guide. 

Backup Battery for SRAM and RTC 
The CPU module includes a rechargeable lithium battery that provides backup power and data 
retention for the SRAM and RTC.  
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The lithium battery is located on the CPU board and cannot be replaced. 

Typically, the battery will retain the SRAM data and RTC for 60 continuous days without 
power and no Lead-Acid backup battery.  When the SRAM option is not used, the Lithium 
battery will keep the Real Time Clock running for a longer period of time. 

CPU Firmware and Operation Modes 
The CPU firmware is a real-time multitasking operating system, based on the Wind River 
VxWorks OS.  The CPU shipped from the factory with the most recent firmware version, and it 
can be updated/replaced using a remote or local connection.  Downloading firmware updates is 
performed using the STS.  (See Downloading to a Site in the ACE3600 STS manual.)  If the 
new firmware download stops or fails, the CPU will restart with the existing firmware. 
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Power-up and Restart 
The CPU requires DC voltage provided by the power supply module via the motherboard 
(when the PS switch is ON).  The CPU will power-up and restart in the range of 10.8V to 16V 
DC.  During power-up, the processor performs fast memory tests, initiates the RTU and starts 
the user program (if one was downloaded).  The end of the power-up sequence is indicated by 
the buzzer.  The length of time from the beginning of CPU power-up until the user program 
starts running is approximately 10-15 seconds.  

It is possible to perform a comprehensive memory test during power-up by pressing push-
button PB1 for few seconds while switching the power supply from OFF to ON. In this case 
the power-up period is about 30-35 seconds long. 

If the startup fails, the RTU will freeze (boot sequence stops), the PWR LED will blink and the 
four indicator LEDs (see LEDs Location in Table 4-3) will blink seven times.  The four LEDs 
will then display the failure error in binary code, as described in Table 4-3.   

Restart after Firmware Download 
The RTU will restart after downloading system firmware.  If the firmware is faulty or the 
firmware download failed, the RTU, if protected by the Safe Firmware Download feature, will 
restart and roll back to the previous firmware version.  A failure message will appear in the 
STS Downloader screen.  For information on using the Safe Firmware Download feature, see 
the Safe Firmware Download section of the ACE3600 STS Advanced Features manual. 

Restart after Configuration Download 
The RTU will restart after downloading a site configuration.  For information on downloading 
to the RTU, see the Operation chapter of the ACE3600 STS User Guide. 

If the RTU fails to restart after the user-defined site configuration was downloaded, a unique 
LED display (in the range of the PI1-TX and SI2-RX LEDs) and a series of buzzer tones will 
follow.  The RST LED will turn RED and the RTU will restart itself with the previous “good” 
configuration.  The following message will appear in the RTU Error Logger “Configuration 
file was deleted due to failure in startup. Rolling back to the last configuration file”.  Errors can 
be retrieved from the RTU using the ACE3600 STS Error Logger utility.   

If the startup succeeds after configuration download but has errors, these errors are reported in 
the RTU Error Logger.  It is, therefore, recommended to check for errors after downloading a 
configuration file to the RTU.  Errors can be retrieved from the RTU using the ACE3600 STS 
Error Logger utility.   

For information on retrieving errors from the RTU Error Logger, see the Operation chapter of 
the ACE3600 STS User Guide. 

Restart after Erase Flash 
After the User Flash is erased, the RTU will restart successfully with the default site 
configuration.   

Power-down 
When the voltage provided to the CPU module drops below the minimum level, the CPU will 
shut down in an orderly fashion.  This level is configurable for all power supply modules other 
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than the 12V DC power supply low-tier.  See the ‘Minimum DC operation voltage’ parameter 
in Appendix A: Site Configuration Parameters of the ACE3600 STS User Guide. 

CPU Status and Diagnostics 
The CPU status is indicated on the front panel LED.  Detailed CPU status and diagnostics 
information can be retrieved from the module using the CPU Hardware Test utility.  For more 
details, see the Hardware Test section of the ACE3600 STS User Guide. 

CPU Warnings and Errors 
CPU warnings and errors are logged in the CPU memory to indicate issues or errors during 
power-up, restart, user application program execution and other modes of CPU operation.  The 
existence of CPU warnings and errors are indicated in the ERR LED on the front panel of the 
module.  Green indicates a message, orange indicates a warning and red indicates an error.     

The CPU error logger information can be retrieved using the STS Error Logger utility.  For 
more details, see the Error Logger section of the ACE3600 STS User Guide. 

CPU Serial Number 
Each CPU has a unique serial number. This number is printed on a label on the side of the CPU 
module front panel.  The serial number can be read using the STS Hardware.  For more 
information, see the Hardware Test section of the ACE3600 STS User Guide. 

Connecting Plug-In Ports to the CPU Module 
In general, the plug-in ports are ordered as options with the RTU and are installed in the 
factory.  However, it is also possible to add plug-in ports to the CPU after it is shipped from the 
factory.  Several plug-in ports are available.  See Communication Ports above.  

Note: A TORX screwdriver is required for installation of the plug-in ports.  
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Figure 4-3 depicts a plug-in port board attached to the ACE3600 CPU module. 

Supporting 
Pins

Plug-in 1 

Plug-in 2 

Supporting 
Pins

 

                             Figure 4-3  Plug-In Port in CPU Module 
 
Procedure 4-1 describes how to connect a plug-in port to the CPU. 

Procedure 4-1 How to Connect a Plug-in Port to the CPU  

1) Remove the CPU module from the RTU. 

2) Remove the cover from the desired opening on the front panel.  

3) Connect two supporting pins with screws to the plug-in port. 

4) Place the plug-in board with the RJ-45 connector facing the panel.  Carefully insert the 
plug-in board connector into the appropriate connector on the CPU board. 
For Ethernet 10/100 MB, use the J14 connector on the CPU (Plug-in 1 only.) 
For all other plug-in ports, use the J5 (Plug-in 1) or J6 (plug-in 2) connector. 

5) Connect the two supporting pins with screws to the other side of the CPU board. 

6) Replace the CPU module in the slot. 
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Connecting SRAM Expansion Memory to the CPU Module 
In general the plug-in SRAM is ordered as an option with the RTU and is installed in the 
factory. However, it is also possible to add plug-in SRAM to the CPU after it is shipped from 
the factory.  

Note: A TORX screwdriver is required for installation of the SRAM.   

Figure 4-4 depicts the user SRAM Plug-in memory in the ACE3600 CPU module. 

 

                                Figure 4-4  SRAM Expansion in CPU Module 
 

Procedure 4-3 describes how to connect a plug-in SRAM memory card to the CPU. 

Procedure 4-2 How to Connect a Plug-in SRAM Memory Card to the CPU 

1) Remove the CPU module from the RTU. 

2) Remove the cover from the connector marked P12 on the CPU board.  

3) Place the plug-in SRAM memory card with the connector facing the panel.  Carefully 
insert the plug-in board connector into the connector on the CPU board. 

4) Secure the memory card to the CPU board with the supplied screw. 

5) Replace the CPU module in the slot. 
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Pushbutton Functionality 
The table below describes the use of the two pushbuttons in various scenarios, during power-up 
and run-time.  To press a pushbutton during startup, first press the pushbutton(s), then turn on 
the RTU using the On/Off switch on the front panel.  Keep the pushbutton(s) depressed for the 
required number of seconds, as specified in the scenarios below. 

Table 4-2 ACE3600 Pushbutton Functionality 
 

Scenario Trigger Action  

LEDs Test During run-time, press PB1 
for five or more consecutive 
seconds (but less than 30).   

All the LEDS on the CPU and I/O modules 
will be lit until let go of PB1 and then 
returned to their previous states. 

RTU Restart During run-time, press PB1 
for 30 consecutive seconds. 

All the LEDs will be lit. Then all the LEDs 
will blink once. 

The buzzer will buzz several short beeps.  
(If PB1 is released during this time the 
restart will not be performed.) 

At the long beep, release PB1 and the RTU 
will restart (and the buzzer will buzz.) 

Turn LEDs ON During run-time, press PB1 
for one second. 

Those LEDs which are currently active 
will be turned on for a period of time 
(configured in the RTU configuration 
using the STS.)  

RAM Test During startup, press PB1.  A detailed memory test of SDRAM and 
SRAM plug-in is performed. 

- At the beginning of the RAM test, the 
four indicator LEDs (see LEDs Location in 
Table 4-3) will blink three times.  During 
the RAM test, the LEDs may blink or be 
lit. 

If the RAM test succeeds, the four LEDs 
will blink three times and turn off and the 
restart sequence will continue.  

If the RAM test fails, the RTU will freeze 
(restart sequence stops), the PWR LED 
will blink and the four LEDs will blink 
seven times.  The failure error code will 
then be displayed on the LEDs, in binary 
code, as described in Table 4-3. 

- To exit/abort the RAM test in the middle, 
restart the RTU using the On/Off switch on 
the front panel. 
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Scenario Trigger Action  

Erase User 
Flash 

During startup, press both 
PB1 and PB2 simultaneously 
until the buzzer buzzes five 
times quickly, then 
continuously for three 
seconds.  

All the user Flash memory content 
excluding logging files (files tagged as 
data logging files) is erased, including the 
site configuration, user application 
programs, user tables, etc. 

Bootstrap During startup, press PB2 
continuously for five 
seconds. 

Note: Before initiating 
bootstrap, the CPU must be 
connected directly to the 
STS PC in standalone mode.  
No other components can be 
on the network which might 
create a conflict with the 
default IP address. 

The RTU will start up in diagnostic mode.  
Communication with the RTU is for 
diagnostic purposes only (Error Logger/ 
SW Diagnostics.)  You cannot download to 
the RTU and no application will run. 

If the bootstrap fails, the four indicator 
LEDs (see LEDs Location in Table 4-3) 
will display the failure error in binary 
code, as described in Table 4-3. 

 

Table 4-3 ACE3600 Failure – Error Code Display on LEDs 
 

LEDs Location LED Error Code Description  

ERR Code 1

 

ERR Code 1 = Error in Flash 

ERR Code 2

 

ERR Code 2 = Error in SDRAM 

ERR Code 3

 

ERR Code 3 = Error in SRAM 

ERR Code 4

 

ERR Code 4 = Unable to boot.  
                        Corrupted bootstrap. 

Ethernet LEDs
in CPU3640

 
On CPU 3640/3680, 
the four LEDs begin 
with the group 
marked E1, as above.   
On CPU 3610, the 
four LEDs are 
unmarked, but can be 
found after the S2 
group.  

ERR Code 6

 

ERR Code 6 = Low voltage under 12V 

 

Where OFF LED = ‘0’;   
           ON   LED = ‘1’  (very fast blink, 
almost  
           continuous);  
The highest LED is the most significant. 
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CPU LEDs Behavior 
The table below describes the behavior of the LEDs on the CPU module.  

Table 4-4 ACE3600 CPU LEDs Behavior 
 

LED Name Description Status 

PWR Power LED  

Bicolor LED (Red, Green) 

Flashing Red – Power exists; CPU FPGA not 
loaded. 

Green – Power exists; CPU is running from a 
recognized power supply (one of the six 
power supply options.) 

Red – Failure on power-up. CPU is running 
from an unrecognized power supply. 

ERR Error Logger Status LED 

Bicolor LED (Red, Green) 

OFF – No new errors or warnings. 

Green – New message logged. 

Orange – New warning logged.  

Red – New error logged. 

Note: In systems with I/O expansion, the ERR 
LED can indicate an error in either the main 
or expansion frame. 

RST Reset LED  

Bicolor LED (Red, Green) 

Green – On startup 

OFF – Successful power-up or restart. 

Red – Power-up or restart failed. 

APPL Application LED 

Bicolor LED (Red, Green) 

OFF – No user application program in the 
Flash memory. 

Green – User application program is running. 

Orange – User application program was 
paused by user (during Hardware Test.) 

CONF Configuration LED 

Bicolor LED (Red, Green) 

OFF – Configuration was not loaded. 

Green – Configuration was loaded. 

Red – Configuration error. 

H1 LNK1
*
 USB Host1 LNK (link) 

Green LED 

ON – A USB device is connected. 

OFF – No link exists between the CPU and 
           the MotoTrbo radio. 

                                                      

* The LED names I1 ACTV, I1 L/RX, H1 LNK1/LNK2, and D1 RX appear only in CPU 3680. 
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LED Name Description Status 

H1 LNK2
*
 USB Host2 LNK (link) 

Green LED 

ON – A USB device is connected. 

OFF – No link exists between the CPU and 
           the MotoTrbo radio. 

PI1 TX Plug-in Port 1 – TX 
(transmit)  

Green LED 

ON- Transmitting Data 

PI1 RX Plug-in Port 1– RX (receive) 

Green LED 

ON – Receiving Data 

PI1 CM Plug-in Port 1 – CM (channel 
monitor) 

Green LED 

ON – Channel Busy (if port is in use by radio, 
          RS485, or RS232) 
       – Network Connected (if an IP plug-in is 
          used) 

SI1 TX Serial Port 1 – TX (transmit) 

Green LED 

ON – Transmitting Data 

SI1 RX Serial Port 1 – RX (receive) 

Green LED 

ON – Receiving Data 

SI1 CM Serial Port 1 – CM (channel 
monitor) 

Green LED 

ON – Channel Monitor is ON. 

S2 TX Serial Port 2 – TX (transmit) 

Green LED 

ON – Transmitting Data 

S2 RX Serial Port 2 – RX (receive) 

Green LED 

ON – Receiving Data 

S2 CM Serial Port 2 – CM (channel 
monitor) 

Green LED 

ON – Channel Monitor is ON 

E1 LNK
**

 Ethernet Port 1 (link)  

Green LED 

ON – Network Connected 

In case of RAM test and startup failure, see 
Table 4-2 and Table 4-3. 

E1 RX
**

 Ethernet Port 1 (receive)  

Green LED 

ON – Receiving Data 

In case of RAM test and startup failure, see 
Table 4-2 and Table 4-3. 

                                                      

* The LED names I1 ACTV, I1 L/RX, H1 LNK1/LNK2, and D1 RX appear only in CPU 3680. 

** The LED names E1 LNK and RX appear only in CPU 3640 and CPU 3680. 
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LED Name Description Status 

PI2 TX Plug-in Port 2 – TX 
(transmit) 

Green LED 

ON – Transmitting Data 

PI2 RX Plug-in Port 2 – RX (receive) 

Green LED 

ON – Receiving Data 

PI2 CM Plug-in Port 2 – CM (channel 
monitor) 

Green LED 

ON – Channel Busy (if port is in use by radio, 
          RS485, or RS232) 
       – Network Connected (if an IP plug-in is 
          used) 

D1 RX** For future use For future use 

USR1-
USR4 

User application program 
LEDs  

Green LED 

Controlled by the user application program. 

Light consecutively and repeatedly one after 
the other when entering boot mode. 

 

                                                                                                                                                          

** The LED names E1 LNK and RX appear only in CPU 3640 and CPU 3680. 
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CPU 3610/CPU 3640 Module Specifications 

Microprocessor Freescale – Power PC II MPC8270, 32-bit, extended communication 
capability, DMA and floating point calculation support 

Microprocessor Clock 200 MHz 

Memory Flash: 16 MB/3 MB free for user 
DRAM: 32 MB/10 MB free for user 
SRAM plug-in (Optional): 4 MB total, all free for user 

Real-Time Clock Full calendar with leap year support (year, month, day, hours, minutes, 
seconds). 
Time drift: max. 2.5 Seconds per day (when power is on) 

SRAM and RTC 
Retention  

3 V Rechargeable lithium backup battery 

Serial Port 1 Configurable RS232 or RS485 port: 
 - RS232: Asynch, Full Flow Control, up to 230.4 kb/s, GPS receiver interface 
 - RS485, multi-drop 2-Wire up to 230.4 kb/s  

Serial Port 2 RS232, Asynch, Full Flow Control, up to 230.4 kb/s, GPS receiver interface 

Ethernet Port 1 10/100 Mb/s (on CPU 3640 only) 

Plug-In Port 1 Supports the following plug-in ports: 
- Radio Modem, DPSK 1.2 kb/s, FSK 1.2/1.8/2.4 kb/s,  
    DFM 2.4/3.6/4.8 kb/s  
- RS232, Sync/Asynch, Full Flow Control, up to 230.4 kb/s,  
    GPS receiver interface 
- RS485, multi-drop 2-Wire up to 230.4 kb/s 
- Ethernet 10/100 Mb/s 

Plug-In Port 2 Supports the following plug-in ports: 

- Radio Modem, DPSK 1.2 kb/s, FSK 1.2/1.8/2.4 kb/s,  
    DFM 2.4/3.6/4.8 kb/s  
- RS232, Sync/Asynch, Full Flow Control, up to 230.4 kb/s,  
    GPS receiver interface 
- RS485, multi-drop 2-Wire up to 230.4 kb/s 
- Ethernet 10 Mb/s 

LEDs Display 4 CPU diagnostic LEDs, Port status LEDs and user application LEDs  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Operating Voltage 10.8-16 V DC (from the motherboard connector) 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x 7.1" D)  

Weight Approx. 0.38 Kg  (0.84 Lb) 

Specifications subject to change without notice. 
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CPU 3680 Module Specifications 

Microprocessor Freescale – Power PC II MPC8270, 32-bit, extended communication capability, 
DMA and floating point calculation support 

Microprocessor Clock 200 MHz 

Memory Flash: 32 MB/19 MB free for user 
SDRAM: 128 MB/118 MB free for user 
SRAM plug-in (Optional): 4 MB total, all free for user 

Real-Time Clock Full calendar with leap year support (year, month, day, hours, minutes, seconds). 
Time drift: max. 2.5 Seconds per day (when power is on) 

SRAM, RTC, and 
Security Chip Retention  

3 V Rechargeable lithium backup battery 

USB Host Port 1, 2 Type A host full speed 12 Mbs ports (HU1 on left and HU2 on right) for MDLC 
over IP communication via the MotoTrbo digital mode radio system (on CPU 3680 
only).  For MotoTrbo radio only; No other USB devices or USB Hubs are 
supported. 

Serial Port 1 Configurable RS232 or RS485 port: 
 - RS232: Asynch, Full Flow Control, up to 230.4 kb/s, GPS receiver interface 
 - RS485, multi-drop 2-Wire up to 230.4 kb/s  

Serial Port 2 RS232, Asynch, Full Flow Control, up to 230.4 kb/s, GPS receiver interface 

Ethernet Port 1 Ethernet 10/100 Mb/s 

USB Device Port 1 USB device port, Type B connector (for future use) 

Plug-In Port 1 Supports the following plug-in ports: 
- Radio Modem, DPSK 1.2 kb/s, FSK 1.2/1.8/2.4 kb/s,  
    DFM 2.4/3.6/4.8 kb/s  
- RS232, Sync/Asynch, Full Flow Control, up to 230.4 kb/s,  
    GPS receiver interface 
- RS485, multi-drop 2-Wire up to 230.4 kb/s 
- Ethernet 10/100 Mb/s 

Plug-In Port 2 Supports the following plug-in ports: 

- Radio Modem, DPSK 1.2 kb/s, FSK 1.2/1.8/2.4 kb/s,  
    DFM 2.4/3.6/4.8 kb/s  
- RS232, Sync/Asynch, Full Flow Control, up to 230.4 kb/s,  
    GPS receiver interface 
- RS485, multi-drop 2-Wire up to 230.4 kb/s 
- Ethernet 10 Mb/s 

LEDs Display 4 CPU diagnostic LEDs, Port status LEDs and user application LEDs  

Module Replacement  Hot swap replacement – module extraction/insertion under voltage 

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Operating Voltage 10.8-16 V DC (from the motherboard connector) 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x 7.1" D)  
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CPU Module 

4-17 

Weight Approx. 0.38 Kg  (0.84 Lb) 

Specifications subject to change without notice. 
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I/O MODULES 

General Description 
The ACE3600 RTU can include up to eight I/O modules, depending on the frame size.  A 
variety of I/O modules are available.  Additional I/O modules can be added using the I/O 
Expansion frame.  For information, see the I/O Expansion chapter below. 

The I/O modules can be positioned in the slots to the right of the CPU.  As with all ACE3600 
modules, the I/O modules can be replaced while the power is on (hot-swap.) 

Figure 5-1 provides a general view of an ACE3600 I/O module. 
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I/O Module with Two TBs   I/O Module with Three TBs          I/O Module with Four TBs 
Figure 5-1  ACE3600 I/O Module – General View 

 

Each I/O module includes an ERR status LED, individual I/O status LEDs, an array of I/O 
connectors, and a coding mechanism for the terminal cable connector or TB holder option. 

Figure 5-2 provides a detailed view of the I/O front panel. 
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Figure 5-2  ACE3600 I/O Module – Front Panel (without TB Holder) 
 

I/O Module LEDs 
The ERR LED indicates an I/O module fault and errors.  It will remain lit until all the errors 
have been eliminated.  Diagnostic and error messages can be retrieved from the module using 
the ACE3600 STS Error Logger or SW Diagnostics.  For more information, see the ACE3600 
STS User Guide. 

The I/O status LEDs in Digital Input (DI) and Digital Output (DO) modules indicate ON and 
OFF (LED lit when the I/O is ON.)  In Analog Input (AI) modules, each input has two LEDs, 
indicating Overflow (OF) and Underflow (UF).  In Analog Output (AO) modules, each output 
has three LEDs, indicating voltage output (Vout), current output (Iout), and calibration (Cal).  
In the 8 DO Select Before Operate (SBO) module, the Controlled DO LED indicates whether 
12V is controlled or not. 

I/O Module Test 
The I/O modules can be tested using the STS Hardware Test utility.  For more information, see 
the ACE3600 STS User Guide. 

The I/O module LEDs can be tested using the STS Hardware Test utility– all the LEDS are lit 
for a number of seconds, and then turned back to their previous state. 

Panel Terminal Block (TB) Connectors 
Each I/O module is equipped with a set of two, three or four TB connectors.  Each TB 
connector has a fixed female side on the module and a male plug for the sensor/device wire 
connection.  The TB male side in all modules is screw type for up to 1mm (18 AWG) wire in 
modules with two/four TBs (3.5 mm pitch) or 1.6 mm (14 AWG) wire in modules with three 
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TBs (5 mm pitch).  A TB holder can also be ordered for all I/O module types.  (See TB Holder 
and Cables below.)  Two TB extractor tools (FHN7063A) are provided for easy removal of 
TBs, one for modules with two/four TBs and one for modules with three TBs. 

 

Figure 5-3  TB Connector-Male/Female 
 

Procedure 5-1  Extracting the TB Connector from the I/O Module 

1) Open the door of the I/O module to expose the TB connectors (2-4).  

2) Position the TB extractor over the desired TB connector, with the small notch facing to the 
right. (See Figure 5-4.) 

3) Press the center of the TB extractor from both sides to open the two sides of the clamp end.  

4) Clamp the open TB extractor over the desired TB connector and pull on the back handle to 
extract the TB connector from the I/O module. 
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Figure 5-4  TB Extractor 

TB Holder and Cables  
The TB holder secures the male TBs neatly in place and forms a single connector plug per 
module.  The wires connected to the TBs are concealed in the holder.  The module and the TB 
holder provide a coding mechanism to prevent cabling errors.  Ejector handles enable easy 
release of the TB holder connector from the module.  An optional three-meter cable braid, 
completely wired with holder and cable, is available.  

A TB holder kit is available to enable self-assembly of cables.  User assembled cables should 
use wires of up to 0.4mm (26 AWG) in modules with two/four TBs (3.5 mm pitch) or wires of 
up to 0.8 mm (20 AWG) in modules with three TBs (5 mm pitch).  The TB holder kit does not 
include a cable. 

Note that a Philips screwdriver is required for assembling the TB holder and a flat screwdriver 
is required for setting the code key pin. 
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               Figure 5-5  Terminal Block (TB) Holder-Front and Back View 
 

Assembling the TB Holder Parts 
Procedure 5-1  Assembling the TB Holder Parts  

If the TB holder kit is ordered, follow the procedure below. (See Figure 5-6.) 

1) Prepare the cable by cutting the wires to fit the TBs.  Connect the wires of the user-
assembled cables to the TBs, following the pin descriptions on the module panel label 
(where pin 1 is at the top of first TB and so on downwards.) 

2) Place the TBs onto the left part of the TB holder plastic.  

3) Add the top ejector handle, the code key and the positioner.   

4) Close the right side of the plastic TB holder over the left side.  

5) Screw together the assembly using the three screws provided in the kit.     
Note the lower screw holds the positioner into place.) 

6) Insert the lower ejector handle at the bottom of the TB holder.   

7) Slide the metal axis into lower ejector handle from the side.   

Once the TB holder is assembled, it can be connected to the I/O module. 
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Figure 5-6 provides an exploded view of the TB holder assembly for four TBs. 

 

Figure 5-6  Terminal Block (TB) Holder Assembly – Exploded View with Coding 
 

Attaching the TB Holder Clip to the I/O Module 
An optional TB holder clip can be added to the I/O module to secure the cable. 

Procedure 5-2  Attaching the TB Holder Clip to the I/O Module 

1) Remove the I/O module from the ACE3600 RTU. 
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2) Using the supplied screw, attach the TB holder clip to the bottom of the I/O module.  (See 
Figure 5-7.) 

3) Replace the I/O module in the RTU slot. 

I/O Module

Cable Pipe

TB Holder 
Clip Screw

TB Holder 
Clip 

 

Figure 5-7  I/O Module with Terminal Block (TB) Holder Clip  
 

Connecting the TB Holder to the I/O Module 
Procedure 5-3  Connecting the TB Holder to the I/O Module 

1) Open the door of the I/O module. 

2) On the TB holder, loosen the screw and turn the positioner so that the arrow points to 
either A or B.   

3) Tighten the screw. 

4) With a flat screwdriver, set the code key pin to a number from 1 to 6.   

5) On the I/O module, using a flat screwdriver, set the pin to the same number (from 1 to 6.)  
This ensures that the TB holder will not be accidentally connected to the wrong I/O 
module. 

6) Slide the plastic lip on the bottom of the I/O module to either A (up) or B (down) (as in 
Step 2).  

7) Align the plastic lip with the flat edge of positioner on the TB holder and snap the TB 
holder into the I/O module, (see Figure 5-8), fitting the code key pin into the code key. 

8) If the ejector handles are extended, push them inwards, against the TB holder (see Figure 
5-8.) 

9) If a TB holder clip was attached to the I/O module, slide the cable between the two edges 
of the clip, and press the clip closed to secure the TB holder to the module. See Figure 5-7. 
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10) Label the TBs wires with any desired user notes.  The wires are numbered 1-20 or 1-40 
depending on the model.  The wire numbers correspond to the module pins.   

11) To extract the TB holder from the I/O module front panel, extend the ejector handles 
outward away from the module and pull on the handles. 

Figure 5-8 provides a general view of the TB holder and an I/O module. 
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16

24V

Positioner

Terminal Block (TB)

I/O Module

Code Key 

Positioner

Terminal Block (TB)

TB Holder

Screw 

I/O Module

 
 

Figure 5-8  Terminal Block (TB) Holder on I/O Module – General View with Coding 

Wired Cable Braid 
The optional three-meter cable braid is completely wired with a TB holder and either 20-wire 
or 40 wire cable.  Each wire in the cable is labeled with the corresponding pin number.  This 
information is useful when connecting the PGND to the grounding strip.  See the Connecting 
I/O Modules to Ground section of the Installation chapter. 

User Label 
Each I/O module is provided with a blank label on the module door for user notes. 
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Inserting/Removing an I/O Module from the Frame 
I/O modules support hot-swap and can be inserted and extracted while the system is powered 
up.  For instructions on removing/inserting an I/O module from/into a frame, see the Replacing 
an I/O Module section of the Break-Fix Procedures chapter below. 

Note: The hot-swap of an I/O module in the expansion frame of an RTU which is running 
without a configuration from the STS (i.e. running the default configuration as from the 
factory) will not be successful in the following situation:  If the expansion module restarts 
while the main CPU is running and during this restart, a I/O module is removed.  In such a 
case, when the expansion module powers up, it will not recognize the removed I/O module and 
will not report the hot-swap to the main CPU when the I/O module is replaced in the slot. 

Automatic Module ID 
Each I/O module has a unique module type ID number.  When the RTU is powered up or when 
an I/O module is inserted into a slot (hot-swap), the CPU automatically identifies the module 
type.   

The module ID can be viewed from the STS Hardware Test utility.  For more information, see 
the Hardware Test section of the ACE STS User Guide. 

24V DC Floating Plug-In Power Supply 
Up to two 24V DC floating plug-in power supplies can be added to certain I/O modules, as 
detailed in the table below. Up to four 24V DC floating plug-in power supplies can be added 
per power supply module.  (For guidelines on remaining within the maximum system power 
consumption, see Appendix D: ACE3600 Maximum Power Ratings below.) 

Table 5-1 Number of Plug-In Power Supplies in ACE3600 I/O Modules  
 

Module Type Number of Power 
Supplies 

32 DI 2 

16 DI 1 

16 AI 1 

8 AI 1 

Mixed I/O 1 

Mixed Analog 1 

 
The plug-in power supply is ordered separately.   

Before installing the 24V DC floating plug-in power supply card on the I/O module, please 
verify that the FPGA version of the I/O module is as follows: 
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I/O Module Type FPGA Version 

AI module (all types) Version 1.5.002 or higher. 

DI module (all types) Version 2.1.004 or higher. 

Mixed I/O module (all types) Version 1.5.004 or higher. 
 

Use the ACE36000 STS Hardware Test utility to retrieve the FPGA version from the unit.  If 
the FPGA version listed in the Module Diagnostics is lower than the version in the chart above, 
you must upgrade the I/O version by downloading a higher version FPGA file using the STS.  
Contact your local support team for the updated FPGA file. 

Procedure 5-4  Attaching the Power Supply to the I/O Module  

Attach the power supply to the I/O module using the following procedure.  Note that a TORX 
screwdriver is required. 

1) Remove the cap from the 40-pin connector on the power supply plug-in.  

2) Place the plug-in onto the board with the connector attached and the spacers over the holes 
on the board. 

3) Screw the four supplied metals screws into the spacers to secure the plug-in.    
The RTU will automatically recognize the 24V power supply. 

Each plug-in power supply output is controlled by the CPU module.  By default, the plug-in 
power supply is ON and can supply up to 150mA.  The power supply plug-in can be turned 
ON/OFF via the user application program or Hardware Test utility.   

Figure 5-9 provides a general view of an I/O module with one plug-in. 
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Figure 5-9 ACE3600 I/O Module with a 24V Floating Power Supply Plug-In 
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I/O Modules 

5-12 

24V DC Floating Plug-In Power Supply Module Detailed 
Specifications 

 

Input Voltage 10.8-16 V (from I/O module) 

Outputs 24V floating, max. 150 mA 

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Efficiency 75% typical 

Protection Automatic output shut down on overvoltage and overcurrent 

Insulation Input to output: 1500 V AC 

Dimensions 78 mm W x 15 mm H x 68 mm D (3.1" W x 0.6" H x 2.7" D) 
Weight Approx. 0.04Kg  (0.09 Lb)  

Specifications subject to change without notice. 
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DIGITAL INPUT MODULE 

General Description 
The ACE3600 Digital Input (DI) module can have 16 or 32 inputs. 

The following DI modules are available. 

 16 DI Fast 24V  

 32 DI Fast 24V  

 16 DI Fast 24V IEC TYPE 2  

 32 DI Fast 24V IEC TYPE 2 

 32 DI Fast 48V 

Two types of voltage (“wet”) inputs are supported, IEC 61131-2 Type II compliant inputs and 
24V “MOSCAD compatible” inputs.  In the 32 DI module, the first 20 inputs can function as 
fast counters. In the 16 DI module, all inputs can function as fast counters.  A counter's 
maximum rate is dependent on the module type (see the specifications below.)  

All the inputs are optically isolated.  All DI modules except the 32 DI 48V module support 
optional 24V DC floating plug-in power supplies (for contact “wetting” or other purposes). 

Each DI can be an event trigger (interrupt-driven) to a high priority fast process.  The high 
priority fast process enables very fast activation of an output in response to an input trigger and 
logical conditions.  This high priority fast process is not dependent on the I/O scan (refer to the 
STS Application Programmer manual.) 

For a description of I/O module construction, location, LEDs, TBs, and other common I/O 
module features, see the I/O Modules chapter above. 

Figure 6-1 provides a general view of the ACE3600 DI module. 
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16 DI Module        32 DI Module  
Figure 6-1  ACE3600 DI Module – General View 

 

Figure 6-2 provides a detailed view of the ACE3600 DI module front panel. 
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16 DI Module   32 DI Module  
Figure 6-2  ACE3600 DI Module – Front Panel 

 

DI Module Configuration 
The 16 DI Fast 24V and 32 DI Fast 24V modules can handle AC and DC input signals. The 
user can select DC or AC operation per module. When AC configuration is selected, the Fast 
Capture, Counter Function and Input Filters (see below) are disabled.  The 32 DI 48V modules 
can handle DC input signals only. 

Fast Capture (DC Configuration) 
When the DI module is in DC mode, each DI can be configured as a Fast Capture DI.  Fast 
capture causes the SCAN ladder output operation to get the first change that occurred since the 
previous scan. When fast capture is disabled, the scan gets the current value of the DI (in this 
case, any DI changes between scans are missed.) 

Input Filters (DC Configuration) 
When the DI module is in DC mode, each input has a HW input filter to make sure that the 
input reading is stable.  The range of the HW DI filter is  0 to 50.8 millisecond (in 0.2 mS 
steps). The Fast Counter DI filter range is 0 to 12.75 millisecond (in 0.05 mS steps).   
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Event Time Tagging  
Each DI can be set in the user application program’s I/O link table to trigger recording of time 
tagged events upon any input change of state.  The time tagged events are recorded in the CPU 
memory and can be retrieved for various purposes.   

Keep Last Value (KLV) and Predefined Value (PDV) 
Each input can be configured to KLV or to a PDV (0, 1). This value is shown to the user 
application program in the event of DI module failure.  The PDV can also be used during 
normal operation to force a value that masks the actual input value.  In this case the user 
program will get the PDV instead of the actual input value.  

DI Module Configuration Options 
The DI module features which can be configured are listed in the table below. Some parameters 
are per module and some are per input. 

Table 6-1  ACE3600 DI Module Configurable Features  
 

Feature Parameter 
Settings 

Default Setting Per Module / 
Input 

Parameter Setup 
Location 

DC or AC 
operation 

AC / DC DC Module STS site 
configuration 

Fast Capture Disabled 
/Enabled 

Disabled Input STS site 
configuration 

DI Filter (DC) 0-254 (x 0.2 
mS) 

50 * 0.2 mS 
(=10 mS) 

Module STS site 
configuration; 
‘C’ User Program 

Counter Filter 
(DC) 

0-255 (x 0.05 
mS) 

20 * 0.2 mS  
(= 1 ms) 

Module STS site 
configuration 
‘C’ User Program 

Event Time 
Tagging 

Disabled/ 
Enabled 

Disabled Input User Program I/O 
link table 

Keep Last Value 
and Predefined 
Value 

KLV/PDV 
PDV=0/1 

KLV Input User Program I/O 
link table 

Mask No /Yes No Input User Program I/O 
link table 

                                                      
 in Fast 24V IEC TYPE II modules –only DC 
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Sleep Mode 
Each DI module can be switched by the user application program to Sleep Mode.  In Sleep 
Mode, the module does not function and the power consumption is minimized. During Sleep 
mode, the user application program will get the predefined values (PDV) for each I/O. 

Module Status and Diagnostics 
In the event of DI Module failure, the I/O module ERR LED will be lit.  This event is 
registered by the CPU in the Error Logger.  DI Module failure status is also visible to the user 
application program.  

The DI module can be diagnosed and monitored using the STS Hardware Test utility. This test 
verifies that the module is operational, presents the module configuration and shows the actual 
value of each input. It is also possible to change the input filter setup temporarily for the 
duration of the Hardware Test. 

In the Hardware Test utility, it is possible to set the DI module to Freeze Mode. In this mode 
the user application program will get the predefined value of each input in the module, instead 
of the actual input value. Freeze mode enables testing the inputs while the user application 
program is running. 

For details on configuring the DI modules, see the Site Configuration section, and the 
Application Programming section of the STS User Guide. 
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I/O Circuit Diagram 
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Module Block Diagram 
16 DI 
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32 DI 
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Connection Charts 
  16 DI        32 DI 

Pin Function Pin Function  Pin Function Pin Function 

1 DI1 11 DI11  1 DI1 21 DI17 

2 DI2 12 DI12  2 DI2 22 DI18 

3 DI3 13 DI13  3 DI3 23 DI19 

4 DI4 14 DI14  4 DI4 24 DI20 

5 DI5 15 DI15  5 DI5 25 DI21 

6 DI6 16 DI16  6 DI6 26 DI22 

7 DI7 17 +24V  7 DI7 27 DI23 

8 DI8 18 COM1  8 DI8 28 DI24 

9 DI9 19 PGND1  9 DI9 29 DI25 

10 DI10 20 PGND1  10 DI10 30 DI26 

     11 DI11 31 DI27 

     12 DI12 32 DI28 

     13 DI13 33 DI29 

     14 DI14 34 DI30 

     15 DI15 35 DI31 

     16 DI16 36 DI32 

     17 +24V 37 +24V 

     18 COM1 38 COM2 

     19 PGND1 39 PGND2 

     20 PGND1 40 PGND2 
 

                                                      

 In 32 DI 24V modules only. 
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I/O Connection Diagram 
Connection of a dry contact sensor to the DI module requires “wetting” the contact with a 
voltage. This can be done using the 24V DC floating plug-in power supplies that can be added 
to the module (in 16/32 DI Fast 24V/ Fast 24V IEC TYPE 2 modules only).  The 24V can be 
also used to power “wet” sensors. 
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DI Module Specifications 

16/32 DI FAST 24V Modules  

Total Number of Inputs 16 DI; 32 DI  

Input Arrangement Isolated groups of 16 inputs with shared common  

Fast Counter Inputs Inputs that can be used as fast counters: 
- All inputs in 16 DI module; - First 20 inputs in 32 DI module 

AC Input Frequency 45 – 65 Hz 

AC Input Delay Maximum 0.2 mS 

Fast Counter Input Frequency 0 - 12.5 KHz, minimum pulse width 40 µS 

Max. DC Input Voltage Max. ±40 V DC (relative to input common) 

“ON” DC Voltage Range +9 to +30 V DC,  -30 to -9 V DC  

“OFF” DC Voltage Range -3 to +3 V DC 

“ON” AC Voltage Range 10 to 27 V AC (RMS) 

“OFF” AC Voltage Range 0 to 5 V AC (RMS) 

Input Current Max. 3.5 mA 

Fast Capture Resolution 1 mS (Interrupt upon change of state) 

Event Time Tagging Resolution 1 mS (Interrupt upon change of state) 

Input Filtering 0 to 50.8 mS (DC, programmable in 0.2 mSec steps) 

Counter Input Filtering 0 to 12.75 mS (programmable in 0.05 mSec steps for inputs configured as 
high speed counters) 

24 V DC Output Supports optional isolated 24 V plug-in “Wetting” Power Supply  
(one in 16 DI, two in 32 DI) 

Diagnostic LEDs Status LED per each input, module error LED, 24V plug-in status LED 

User Connection 2 or 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG 

Cable and TB Holder 20 or 40 Wire Cable with TB Holder connector, 26 AWG wires 

Module Replacement Hot swap replacement – module extraction/insertion under voltage 

Input Isolation 2.5 kV RMS between input and module logic per IEC60255-5 

Input Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector) 

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H x 180 mm D, (1.5“ W x 8.7“ H x  7.1“ D) 

Weight 16 DI: approx. 0.28 Kg  (0.62 Lb); 32 DI: approx. 0.29 Kg (0.63 Lb) 
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16/32 DI FAST 24V IEC 61131-2 TYPE II Modules 

Total Number of Inputs 16 DI  
32 DI  

Input Arrangement Isolated groups of 16 inputs with shared common  

Fast Counter Inputs Inputs that can be used as fast counter: 
- All inputs in 16 DI module 
- First 20 inputs in 32 DI module 

Fast Counter Input Frequency 0 - 10 KHz, minimum pulse width 50 µS 

Max. DC Input Voltage Max. ±40 V DC (relative to input common) 

“ON” DC Voltage Range +11 to +30 V DC, -30 to -11 V DC 

“OFF” DC Voltage Range -5 to +5 V DC 

Input Current 6-10 mA 

Fast Capture Resolution 1 mS (Interrupt upon change of state) 

Event Time Tagging Resolution 1 mS (Interrupt upon change of state) 

Input Filtering 0 to 50.8 mS (DC, programmable in 0.2 mSec steps) 

Counter Input Filtering 0 to 12.75 mS (programmable in 0.05 mSec steps for inputs configured 
as high speed counter) 

24V DC Output Supports optional isolated 24 V plug-in “Wetting” Power Supply  
(one in 16 DI, two in 32 DI) 

Diagnostic LEDs Status LED per each input, module error LED, 24V Plug-in status 
LED 

User Connection 2 or 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG 

Cable and TB Holder 20 or 40 Wire Cable with Terminal Block Holder connector,  
26 AWG wires 

Module Replacement Hot swap replacement – module extraction/insertion under voltage 

Input Isolation 2.5 kV RMS between input and module logic per IEC60255-5 

Input Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector) 

Power Consumption 
(measured at power supply in) 

Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H  x 180 mm D, (1.5“ W x 8.7“ H x  7.1“ D) 

Weight 16 DI: approx. 0.28 Kg  (0.62 lb) 
32 DI: approx. 0.29 Kg (0.63 lb) 
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Digital Input Module 

6-13 

 

32 DI FAST 48V Modules  

Total Number of Inputs 32 DI  

Input Arrangement Isolated groups of 16 inputs with shared common  

Fast Counter Inputs Inputs that can be used as fast counters: First 20 inputs  

Fast Counter Input Frequency 2.0 KHz (minimum pulse width 250 µS) 

Max. DC Input Voltage Max. ±72 V DC (relative to input common) 

“ON” DC Voltage Range +36 to +60 V DC 

“OFF” DC Voltage Range 0 to +6 V DC 

Input Current Max. 3 mA 

Fast Capture Resolution 1 mS (Interrupt upon change of state) 

Event Time Tagging Resolution 1 mS (Interrupt upon change of state) 

Input Filtering 0 to 50.8 mS (DC, programmable in 0.2 mSec steps) 

Counter Input Filtering 0 to 12.75 mS (programmable in 0.05 mSec steps for inputs configured as 
high speed counters) 

Diagnostic LEDs Status LED per each input, module error LED 

User Connection 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG 

Cable and TB Holder 40 Wire Cable with TB Holder connector, 26 AWG wires 

Module Replacement Hot swap replacement – module extraction/insertion under voltage 

Input Isolation 2.5 kV RMS between input and module logic per IEC60255-5 

Input Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector) 

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H x 180 mm D, (1.5“ W x 8.7“ H x  7.1“ D) 

Weight 16 DI: approx. 0.28 Kg  (0.62 Lb); 32 DI: approx. 0.29 Kg (0.63 Lb) 

Specifications subject to change without notice. 
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DIGITAL INPUT 120/230V MODULE 

General Description 
The ACE3600 Digital Input 120/230V (High Voltage DI) module has 16 inputs. 

Each input can be connected to 120 V or 230 V (AC or DC).  All the inputs are optically 
isolated.   

Each DI can be an event trigger (interrupt-driven) to a high priority fast process.  The high 
priority fast process enables very fast activation of an output in response to an input trigger and 
logical conditions.  This high priority fast process is not dependent on the I/O scan (refer to the 
STS Application Programmer manual.)  

For a description of I/O module construction, location, LEDs, TBs, and other common I/O 
module features, see the I/O Modules chapter above. 

Figure 7-1 provides a general view of the ACE3600 High Voltage DI module. 

 

Figure 7-1  ACE3600 High Voltage DI Module – General View 
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Figure 7-2 provides a detailed view of the ACE3600 High Voltage DI Module front panel. 

  

Figure 7-2  ACE3600 High Voltage DI Module – Front Panel 

DI Module Configuration 
The High Voltage DI module can handle AC and DC input signals. The user can select DC or 
AC (default) operation per module. When AC configuration is selected, the Input Filters (see 
below) are disabled. 

Note: The default configuration for the DI 120/230V module is different than that of a regular 
DI module. 

Input Filters (DC Configuration) 
When the High Voltage DI module is in DC mode, each input has a HW input filter to make 
sure that the input reading is stable.  The range of the HW DI filter is 0 to 50.8 milliseconds (in 
0.2 msec steps).  

Note: In this module, the minimum effective filter value is 7.0 msec. 

Keep Last Value (KLV) and Predefined Value (PDV) 
Each input can be configured to KLV or to a PDV (0, 1). This value is shown to the user 
application program in the event of High Voltage DI module failure.  The PDV can also be 
used during normal operation to force a value that masks the actual input value.  In this case 
the user program will get the PDV instead of the actual input value.  
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DI Module Configuration Options 
The High Voltage DI module features which can be configured are listed in the table below. 
Some parameters are per module and some are per input. 

Table 7-1  ACE3600 High Voltage DI Module Configurable Features  
 

Feature Parameter 
Settings 

Default Setting Per Module / 
Input 

Parameter Setup 
Location 

DC or AC 
operation 

AC / DC DC Module STS site 
configuration 

DI Filter (DC) 0-254 (x 0.2 
msec) 

50 * 0.2 msec 
(=10 msec) 

Module STS site 
configuration; 
‘C’ User Program 

Keep Last Value 
and Predefined 
Value 

KLV/PDV 
PDV=0/1 

KLV Input User Program I/O 
link table 

Mask No /Yes No Input User Program I/O 
link table 

Sleep Mode 
Each High Voltage DI module can be switched by the user application program to Sleep Mode.  
In Sleep Mode, the module does not function and the power consumption is minimized. During 
Sleep mode, the user application program will get the predefined values (PDV) for each I/O. 

Module Status and Diagnostics 
In the event of High Voltage DI Module failure, the I/O module ERR LED will be lit.  This 
event is registered by the CPU in the Error Logger.  DI Module failure status is also visible to 
the user application program.  

The High Voltage DI module can be diagnosed and monitored using the STS Hardware Test 
utility. This test verifies that the module is operational, presents the module configuration and 
shows the actual value of each input. It is also possible to change the input filter setup 
temporarily for the duration of the Hardware Test. 

In the Hardware Test utility, it is possible to set the High Voltage DI module to Freeze Mode. 
In this mode the user application program will get the predefined value of each input in the 
module, instead of the actual input value. Freeze mode enables testing the inputs while the user 
application program is running. 

For details on configuring the High Voltage DI modules, see the Site Configuration section, 
and the Application Programming section of the STS User Guide. 
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I/O Circuit Diagram 
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Module Block Diagram 
16 DI High Voltage 
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Connection Charts 
 16 High Voltage DI   

Pin Function  Pin Function  

1 DI1  21 DI13  

2 DI2  22 DI14  

3 DI3  23 DI15  

4 DI4  24 DI16  

5   25   

6   26   

7 DI5  27   

8 DI6  28   

9   29   

10 COM1-6  30 COM13-16  

11 DI7     

12 DI8     

13 DI9     

14 DI10     

15      

16      

17 DI11     

18 DI12     

19      

20 COM7-12     
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I/O Connection Diagram 
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Digital Input 120/230V Module 

7-8 

Digital Input 120/230V Module Specifications 

High Voltage 16DI Module  

Total Number of Inputs 16 DI  

Input Characteristics IEC 61131-2 Type 1 

Input Arrangement Two isolated groups of 6 inputs and one isolated group of 4 inputs.  

AC Input Frequency 47 – 63 Hz 

AC Input Change Delay Maximum 25.0 msec 

Max. DC Input Voltage Max. ±264 V DC (relative to input common) 

DC Input Pulse Width Minimum 7.0 msec @ 230 V DC 

“ON” DC Voltage Range +79.0 V DC to +264.0 V DC,  -79.0 V DC to -264.0 V DC 

“OFF” DC Voltage Range -40 to +40 V DC 

“ON” AC Voltage Range 79 to 264 V AC (RMS)  

“OFF” AC Voltage Range 0 to 40 V AC (RMS) 

Input Current At 110V DC          1.0 to 3.0 mA 
At 230V DC          0.4 to 2.0 mA 
At 110V AC          > 2.0 mA RMS 
At 230V AC          > 3.0 mA RMS 

Permitted Voltage Difference 
Between Groups 

2.5 kV RMS 

Input Filtering 0 to 50.8 msec (DC, programmable in 0.2 msec steps) 
Note: Minimum effective filter value is 7.0 msec. 

Diagnostic LEDs Status LED per each input, module error LED 

User Connection 3 Terminal Blocks (5.00mm pitch), Maximum 14 AWG 

Cable and TB Holder 30 Wire Cable with TB Holder connector, 20 AWG wires 

Module Replacement Hot swap replacement – module extraction/insertion under voltage 

Input Isolation 2.5 kV RMS between input and module logic per IEC60255-5 

Input Insulation Insulation resistance 100 MΩ @ 500 V DC 

Operating Voltage 10.8-16 V DC and 3.3 V DC ±10% (from the motherboard connector) 

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H x 180 mm D, (1.5“ W x 8.7“ H x  7.1“ D) 

Weight approx. 0.367 kg (0.80 lbs) 
 

Specifications subject to change without notice. 
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DIGITAL OUTPUT/DIGITAL INPUT FET MODULE 

General Description 
The Digital Output/Digital Input (DO/DI) FET module has 16 or 32 configurable user 
connections, organized in four groups.  Each group can be configured as an 8 DO group or as 
an 8 DI group.  

The following Digital Output/Digital Input (DO/DI) FET modules are available. 

 16 (DO/DI) FET 

 32 (DO/DI) FET 

The outputs are optically isolated current sink FET type with back indication. The inputs are 
optically isolated Dry Contact type with internal “wetting” voltage. 

For a description of I/O module construction, location, LEDs, TBs, and other common I/O 
module features, see the I/O Modules chapter above. 

Figure 8-1 provides a general view of the ACE3600 DO/DI FET module. 

                        

    16 DO/DI FET Module   32 DO/DI FET Module 
    Figure 8-1  ACE3600 DO/DI FET Module – General View  
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Figure 8-2 provides a detailed view of the ACE3600 DO/DI FET module front panel. 

                               

16 DO/DI FET Module   32 DO/DI FET Module 
                     Figure 8-2  ACE3600 DO/DI FET Module – Front Panel 

Module Configuration 

Input/Output 
The following combinations can be configured in the STS site configuration (16 DO/DI). 

I/O combination DI location DO location 

16DO - 1-16 

8DI  + 8DO 1-8 9-16 

16DI 1-16 - 
 

The following combinations can be configured in the STS site configuration (32 DO/DI). 

I/O combination DI location DO location 

32DO - 1-32 

8DI  + 24DO 1-8 9-32 

16DI + 16DO 1-16 17-32 

24DI + 8DO 1-24 25-32 

32DI 1-32 - 
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The appropriate combination is selected as the I/O module type, when configuring the I/Os in 
the ACE3600 STS site configuration.  

DI Fast Capture 
Each DI can be configured as Fast Capture DI in the STS advanced I/O configuration. Fast 
capture causes the SCAN ladder output operation to get the first change that occurred since the 
previous scan. When fast capture is disabled (default), the scan gets the current value of the DI 
(in this case DI changes between scans are missed). 

DI Input Filters  
Each inputs has a hardware input filter to make sure that the input reading is stable. The 
hardware DI filter range is 0 to 50.8 mS (in 0.2 mS steps).  Counter DI filter range is 0 to 12.75 
mS (in 0.05 mS steps).  The DI filter can be set in the STS advanced I/O configuration. 

Note: In this module, the minimum effective filter value is 1 mS. 

DI Event Time Tagging  
Each DI can be set in the Application Programmer I/O link table to trigger recording of time 
tagged events upon any input change of state. The time tagged events are recorded in the CPU 
memory and can be retrieved for various purposes.   

DI Keep Last Value (KLV) and Predefined Value (PDV)  
Each input can be configured to KLV or to a PDV (0, 1) in the Application Programmer I/O 
link table. This value is shown to the user application program in the event of DI module 
failure. Also, the predefined value can be used during normal operation to force a value that 
masks the actual input value.  In this case the user application program will get the PDV 
instead of the actual input value.  

DO Keep Last Value (KLV) and Predefined Value (PDV)  
Each output can be configured to KLV or to a PDV (0, 1). This value is executed when the user 
application program stops or when the module has no communication with the CPU module. 
Also, the predefined value can be used during normal operation to force a value on the output 
by ignoring the user application program value.   

DO/DI FET Module Configuration Options 
The DO/DI FET module features which can be configured are listed in the table below. Some 
parameters are per module and some are per input. 
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Table 8-1  ACE3600 DO/DI FET Module Configurable Features  
 

Parameter Selection Default Setup Per Module/ 
Input 

Parameter 
Setup Location 

DI Fast Capture Disabled 
/Enabled 

Disabled Input RTU 
configuration 

DI Filter 0-254 (x 0.2 mS) 50 * 0.2 mS 
(=10 mS) 

Module RTU 
configuration;  
‘C’ Program 

DI Counter 
Filter 

0-255 (x 0.05 mS) 20 * 0.2 mS  
(= 1 ms) 

Module RTU 
configuration; 
‘C’ Program 

DI Event Time 
Tagging 

Disabled 
/Enabled 

Disabled Input Application 
Programmer I/O 
link table 

DI Keep Last 
Value & 
Predefined 
Value 

KLV/PDV 

PDV = 0/1 

KLV Input Application 
Programmer I/O 
link table 

DI Mask No /Yes No Input Application 
Programmer I/O 
link table 

DO Keep Last 
Value & 
Predefined 
Value 

KLV/PDV 

PDV = 0/1 

KLV Output Application 
Programmer I/O 
link table 

DO Mask No /Yes No Output Application 
Programmer I/O 
link table 

Sleep Mode 
Each DO/DI module can be switched by the user application program to Sleep Mode. In Sleep 
Mode, the module does not function and the power consumption is minimized. During Sleep 
mode, the user application program will get the KLV or PDV per each DI. 

Module Status and Diagnostics 
In the event of a DO/DI module failure, the ERR LED on the module will be lit.  This event is 
registered by the CPU in the Error Logger.  DO/DI module failure status is also visible to the 
user application program. 

The DO/DI module can be diagnosed and monitored using the STS Hardware Test utility.  The 
Hardware Test verifies that the module is operational, presents the module configuration and 
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shows the actual value of each input and output.  It is also possible to change the input filter 
setup for the duration of the Hardware test and change the value of the DOs. 

In the Hardware Test utility, it is possible to set the module to Freeze Mode. In this mode the 
user application program will get the KLV/PDV of each input in the module instead of the 
actual input value. The DO values will keep the last value they had when the module was 
switched to Freeze Mode. Freeze mode enables testing the inputs and outputs while the user 
application program is running. 

I/O Circuit Diagram 
 

COM 

DO/DI

Floating
Voltage

Converter
DI Status/ 
DO Back
Indication

DO
Control

* FET Always “OFF” in DI configuration

*

Self Recovery Fuse
1A

5V

33V

12V

DO/DI - Typical I/O Circuit

“ ”

20K

12V
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Module Block Diagram 
16 DO/DI FET 
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32 DO/DI FET 

  

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 641 of 1072



Connection Charts 
 16 DO/DI FET      32 DO/DI FET 

Pin Function Pin Function  Pin Function Pin Function 

1 DO/DI1 11 DO/DI9  1 DO/DI1 21 DO/DI17 

2 DO/DI2 12 DO/DI10  2 DO/DI2 22 DO/DI18 

3 DO/DI3 13 DO/DI11  3 DO/DI3 23 DO/DI19 

4 DO/DI4 14 DO/DI12  4 DO/DI4 24 DO/DI20 

5 DO/DI5 15 DO/DI13  5 DO/DI5 25 DO/DI21 

6 DO/DI6 16 DO/DI14  6 DO/DI6 26 DO/DI22 

7 DO/DI7 17 DO/DI15  7 DO/DI7 27 DO/DI23 

8 DO/DI8 18 DO/DI16  8 DO/DI8 28 DO/DI24 

9 COM1 19 COM2  9 COM1 29 COM3 

10 PGND1 20 PGND2  10 PGND1 30 PGND3 

     11 DO/DI9 31 DO/DI25 

     12 DO/DI10 32 DO/DI26 

     13 DO/DI11 33 DO/DI27 

     14 DO/DI12 34 DO/DI28 

     15 DO/DI13 35 DO/DI29 

     16 DO/DI14 36 DO/DI30 

     17 DO/DI15 37 DO/DI31 

     18 DO/DI16 38 DO/DI32 

     19 COM2 39 COM4 

     20 PGND2 40 PGND4 
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I/O Connection Diagram 

DIx (input x)

COM (Common)

DO/DI FET Module

DO/DI FET Module

DOx (Output x)

COM (Common)

Dry
Contacts
Switch /
Sensor

Load
+

-

DC
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Diode
(Inductive load)

DI wiring

DO wiring
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Digital Output/Digital Input FET Module 

8-10 

DO/DI FET Module Specifications 

Total Number of I/Os 16; 32 

I/O Arrangement Two or four group of 8 I/Os with shared common 
Each group can be configured as FET DO or dry contact DI. 
Selectable combinations (32 DO/DI): 32 DO/8 DI+24 DO/ 
16 DI+16 DO/24 DI+8 DO/32 DI 
Selectable combinations (16 DO/DI): 16 DO/8 DI+8 DO/16 DI 

Counter Inputs 32 DI: 20 first inputs can be used as counter inputs. 
16 DI: All 16 inputs can be used as counter inputs. 

Counter Input Frequency 0 - 1 KHz, minimum pulse width 500 µS.  Note: Although filters are 
defined in steps of 0.2mSec and 0.05mSec, it is relevant only from 1mSec 
and above. 

Max. DC Input Voltage Max. 30 V DC (relative to input common) 

Input “ON” Resistance 0-4 kΩ  

Input “OFF” Resistance ≥50 kΩ  

Fast Capture Resolution 1 mS (Interrupt upon change of state)  

Event Time Tagging Resolution 1 mS (Interrupt upon change of state)   

Input Current Max. 0.3 mA (when the input is shorted)  

Input Filtering 0 to 50.8 mS (programmable in 0.2 mSec steps), minimum effective filter 
value - 1mSec  

Counter Input Filtering 0 to 12.75 mS (programmable in 0.05 mSec steps), minimum effective 
filter value - 1mSec 

Output Type MOSFET  

Output Voltage Range 5-30 V DC (user supplied voltage) 

DO Frequency Max. 1 KHz (resistive load)  

DO Output Current Max. 500 mA sink current (resistive load) 

Output Fail State Configurable output state on CPU fail: On, Off or ‘last value’  

Diagnostic LEDs LED per each input / output status, module error LED 

User Connection 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG  

Cable and TB Holder 20 or 40 Wire Cable with Terminal Block Holder connector, 26 AWG  

Module Replacement Hot swap replacement– module extraction / insertion under voltage 

Input / Output Isolation  1.5 kV between input/output and module logic 

Input Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector)  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H  x 180 mm D (1.5" W x 8.7" H x  7.1" D) 

Weight Approx. 0.25 Kg  (0.55 Lb) 

Specifications subject to change without notice. 
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DIGITAL OUTPUT RELAY MODULE 

General Description 
The DO Relay modules have 8 or 16 outputs.  

There are two types of DO relays: 

 Electrically Energized (EE) - the outputs return to the non-energized state in case of power 
off or module failure. 

 Magnetically Latched (ML) - Relay outputs are magnetically latched, the outputs maintain 
their state in case of power off or module failure. 

The following DO relays modules are available:  

 8 DO EE Relay 2A  

 16 DO EE Relay 2A  

 8 DO ML Relay 2A  

 16 DO ML Relay 2A  

For a description of I/O module construction, location, LEDs, TBs, and other common I/O 
module features, see the I/O Modules chapter above. 

Figure 9-1 provides a general view of the ACE3600 DO Relay Module. 
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8DO Relay       16 DO Relay 
Figure 9-1  ACE3600 DO Relay Module – General View 

 

Figure 9-2 provides a detailed view of the ACE3600 DO Relay Module front panel. 

                                                                   

8DO Relay   16DO Relay 
Figure 9-2  ACE3600 I/O Module – Front Panel 
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In the 8 DO modules, the relays of outputs 1 through 5 are Single Pole Single Throw (SPST) 
normally open (NO) and are referred to as the “Form A” relays.  The relays of outputs 6 
through 8 are Single Pole Double Throw (SPDT) and are referred to as the “Form C” relays. 

In the 16 DO modules, the relays of outputs 1 through 5 and 9 through 13 are Single Pole 
Single Throw (SPST) normally open (NO) “Form A” relays. The relays of outputs 6 through 8 
and 14 through 16 are Single Pole Double Throw (SPDT) “Form C” relays. 

The physical position of each relay is monitored by the module logic, using a back indication 
signal which is connected to the relay’s second contact set.  Any contradiction between the 
required position and the back indication signal is reported to the CPU and is available to the 
user program.  

In some applications it is necessary to inhibit relay output operation when attending the site for 
safety reasons.  In all DO relay modules, it is possible to inhibit all relays per DO module. 
When a module is configured to enable relay inhibiting, the power to the relays is provided 
from the power supply via a dedicated power line (12V DO), controlled from the “12V DO” 
input (TB located on the power supply module panel).  When the input’s terminals are shorted, 
the relays are operational.  When the input’s terminals are open, the relays are inhibited (EE 
relays in 0 position and ML relays do not change state.) 

Note: In systems with I/O expansion, the power supplies on I/O expansion frames can be 
attached via DC cable to the power supply on the previous I/O expansion frame in a daisy-
chain manner, or directly to the main power supply.  In this case, the 12V DO control on the 
main power supply can control all DO EE relays in the entire RTU that were configured by dip 
switch for 12V DO.  This enables the user to inhibit all DO EE relays in the entire RTU simply 
by removing the plug from the 12V DO control in the main power supply.  For more 
information, see the I/O Expansion and Expansion Power Supply Module chapters below. 

The user program can monitor the relay inhibiting status and act accordingly.  Also, when the 
module’s relays are inhibited, any mismatch between the relay position and the output logical 
state is ignored. 

Module Configuration 

Relay Inhibiting 

 

When the dip switch is set to 12V DO, the position of the 2-pin 12V DO 
Control connector on the front panel of the power supply module (see 
Power Supply Module chapter above) acts as a safety mechanism.  When 
the 2-pin TB is unplugged from the 12V DO Control (e.g. for maintenance), 
power is not supplied via the motherboard to the relays and the relays are 
disabled.  The 12V DO affects all relays in the system that are programmed 
to work from the 12V DO and not the (default) 12V Main. 
 
EE relays that are programmed for 12V DO operation will disconnect when 
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12V DO power is shut down and cannot be changed in this state.   
ML relays that are programmed for 12V DO operation will freeze in their 
current state when 12V DO power is shut down and cannot be changed. 
Therefore, setting the dip switch for ML will not necessarily inhibit them. 

A dual selector dip switch (S3) on the DO Relay module has 4 selectable positions as described 
in the following table: 

Table 9-1  DO Relay Module- Dip Switch Settings 
S3 
SW 1 

S3  
SW 2 

Configuration mode 

OFF OFF 12V_DO – Relay inhibiting enabled 

ON OFF Software selectable – inhibiting is set in site configuration 

OFF ON 12V_DO – Relay inhibiting enabled 

ON ON 12 V – (factory default) Relay inhibiting disabled 
 

O
  N

O
 F F

 

Figure 9-3  12V DO Dip Switch 

 

When S3 is set to Software Selectable mode, the inhibiting configuration is set using the 
module configuration in the STS Site Configuration (see Table 9-2 below). 

Procedure 9-1 describes how to set the 12V DO dip switch to enable relay inhibiting. 

Procedure 9-1  How to Set the 12V DO Dip Switch to Enable Relay Inhibiting. 

1) If the 2-pin TB is plugged into the 12V DO Control on the front panel of the power supply 
module, unplug it.  

2) Remove the DO module from the slot in the rack. 
3) Carefully remove the plastic wrap covering from the S3 dip switch (see Figure 9-3) on the 

DO module board.  Note: Ignore text on the board that OFF/OFF is the factory default. 
4) Set the S3 dip switch to the desired position, according to the legend in Table 9-1.   
5) Replace the DO module in the rack. 
6) If the new dip switch position causes DO relay power to be drawn from the 12VDO, plug 

the 2-pin TB back into the 12V DO Control on the front panel of the power supply module. 

DO Keep Last Value (KLV) and Predefined Value (PDV)  
Each output can be configured to KLV or to a PDV (0, 1).  This value is executed when the 
user program stops or when the module has no communication with the CPU module. Also, the 
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PDV can be used during normal operation to force a value on the output by ignoring the user 
program value (mask).   

Reset DO at Startup 
It is possible to configure the module to reset all the ML relays positions on startup.  This is set 
in the STS site configuration. 

Table 9-2  ACE3600 DO Relay Module Software Configurable Features  
 

Parameter Selection Default Setup Per Module/ 
Input 

Parameter 
Setup Location 

DO Keep Last 
Value & Pre 
Defined Value 

KLV/PDV 
PDV = 0/1 

KLV Output Application 
Programmer I/O 
link table 

DO Mask No /Yes No Output Application 
Programmer I/O 
link table 

Reset DO at 
Startup 

No/Yes Yes Module Site 
configuration 

Relay Inhibiting 
(SW selectable) 

12V DO 
(Enabled)/ 12V 
(Disabled) 

12V DO 
(Enabled) 

Module Site 
configuration 

 

Sleep Mode 
Each DO module can be switched by the user program to Sleep Mode. In Sleep Mode, the 
module is not functioning and the power consumption is minimized.  

Module Status and Diagnostics  
In the event of module failure, the module’s ERR LED will be lit.  This event is registered by 
the CPU in the Error Logger.  Module failure status is also visible to the user program.  

The DO module can be diagnosed and monitored using the STS Hardware Test utility. This test 
verifies that the module is operational, presents the module configuration and shows the actual 
value of each output. It is also possible to change the DO’s value. 

In the Hardware Test utility, it is possible to set the module to Freeze Mode. In this mode, the 
DOs will keep the last value they had at the time they were frozen.  Freeze mode enables 
testing the inputs and outputs while the user program is running. 

For details on configuring the DO modules, see the Configuring a Site section and the 
Application Programmer section of the ACE3600 STS User Guide. 
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I/O Circuit Diagram 
 

 

12V

DO Control

Back Indication
NO 
COM

DO EE Relay (SPST) - Typical Output Circuit 

 

12V

DO Set Control

DO ML Relay (SPST) - Typical Output Circuit 

DO Reset Control
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NO 
COM
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12V

DO Control

Back Indication

DO EE Relay (SPDT) - Typical Output Circuit 

NC 

NO 
COM

 

12V

DO Set Control

DO ML Relay (SPDT) - Typical Output Circuit 

DO Reset Control

NC 

NO 
COM

Back Indication
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Module Block Diagram 
8 DO 
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16 DO 
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Connection Charts 
     8 DO               16 DO 

Pin Function Pin Function  Pin Function Pin Function 

1 NO1 11 NO6  1 NO1 21 NO9 

2 COM1 12 COM6  2 COM1 22 COM9 

3 NO2 13 NC6  3 NO2 23 NO10 

4 COM2 14 NO7  4 COM2 24 COM10 

5 NO3 15 COM7  5 NO3 25 NO11 

6 COM3 16 NC7  6 COM3 26 COM11 

7 NO4 17 NO8  7 NO4 27 NO12 

8 COM4 18 COM8  8 COM4 28 COM12 

9 NO5 19 NC8  9 NO5 29 NO13 

10 COM5 20 PGND1  10 COM5 30 COM13 

     11 NO6 31 NO14 

     12 COM6 32 COM14 

     13 NC6 33 NC14 

     14 NO7 34 NO15 

     15 COM7 35 COM15 

     16 NC7 36 NC15 

     17 NO8 37 NO16 

     18 COM8 38 COM16 

     19 NC8 39 NC16 

     20 PGND1 40 PGND2 

 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 654 of 1072



Digital Output Relay Module 

9-11 

DO Relay Module Specifications 

Total Number of Outputs 8 EE relay outputs  

16 EE relay outputs  

8 ML relay outputs  

16 ML relay outputs  

Output Arrangement 8 DO : 3 X Form C (SPDT) and 5 X Form A (SPST) 

16 DO: 6 X Form C (SPDT) and 10 X Form A (SPST) 

Contact Voltage Ratings Max. 60 V DC or 30 V AC RMS (42.4 V peak).  

Contact Power Ratings 2A @ 30 V DC, 0.6A @ 60V DC or 0.6A @ 30V AC (resistive load) 

Relay Back Indication Contact position - hardware back indication 

DO Frequency Max. 10 Hz  

Diagnostic LEDs LED per each output status, module error LED  

User Connection 2 or 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG  

Cable and TB Holder 20 or 40 Wire Cable with Terminal Block Holder connector, 26 AWG  

Fail State Configurable relay state on CPU fail: On, Off or ‘last value’  

All Relays Disable/Enable Selectable per module, controlled from the power supply  

Module Replacement Hot swap replacement – module extraction/insertion under voltage  

Output Isolation  Between open contacts: 1kV,  
Between contact and coil: 1.5 kV,  
Between contact sets: 1.5 kV 

Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5,  
Insulation impulse 1.5 kV per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector)  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H  x 180 mm D  
(1.5" W x 8.7" H x  7.1" D)  

Weight 8 DO  : approx. 0.29 Kg (0.64 Lb)  
16 DO: approx. 0.32 Kg (0.7 Lb) 

 

Specifications subject to change without notice. 
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8 DIGITAL OUTPUT SBO RELAY MODULE 

General Description 
The 8 DO Select Before Operate (SBO) Relay modules have Electrically Energized (EE) 2 
Form A relay outputs.  The modules are supported by ACE3600 firmware v14.00 and above.  
The 8 DO SBO module is used to ensure that the correct DO has been selected before actually 
activating the relay. 

Each DO in the module has two relays. When the module is in Idle state, the operate signal is 
disabled and no relay is activated.  On “DO Select” command, both DO relays are selected.  
The select command is physically monitored by a back indication signal (“Check Select”.)  
After validation that only the requested relays were selected, the “Operate” command is set and 
enables the relay activation. The physical back indications from both relay contacts can be 
monitored by the application program to verify successful operation. 

Note that only a single SBO DO can be selected at a time. 

Each output has two types of back indications: 

a. Back indication of the relay select command. 

b. Back indication from the relay auxiliary contact (each relay has 2 contacts- one  
  connected to user and the other as back indication.) 

By default, the operation of the relays uses the 12V controlled source (controlled by the jumper 
on the main power supply.)  If the 12V control in the main power supply is switched to OFF, 
there will be no activating voltage to the relays, regardless the status of the Operate signal. 

For a description of the SBO feature, see Select Before Operate DOs in the ACE3600 I/Os 
chapter of the ACE3600 STS Advanced Features manual. 

For a description of I/O module construction, location, LEDs, TBs, and other common I/O 
module features, see the I/O Modules chapter above. 

Figure 11-1 provides a general view of the ACE3600 DO SBO Relay Module. 
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Figure 11-1  ACE3600 8DO SBO Relay Module – General View 
 

Figure 11-2 provides a detailed view of the ACE3600 8DO SBO Relay Module front panel. 

 

Figure 11-2  ACE3600 8DO SBO Relay Module – Front Panel 
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In the 8 DO SBO modules, the relays of the 8 outputs are Single Pole Single Throw (SPST) 
normally open (NO) and are referred to as the “Form A” relays.   

 

In some applications, it is necessary to inhibit relay output operation when attending the site 
for safety reasons.  In all DO relay modules, it is possible to inhibit all relays per DO module. 
When a module is configured to enable relay inhibiting (the default in the SBO module), the 
power to the relays is provided from the power supply via a dedicated power line (12V DO), 
controlled from the “12V DO” input (TB located on the power supply module panel).  When 
the input’s terminals are shorted, the relays are operational.  When the input’s terminals are 
open, the relays are inhibited (EE relays in the 0 position.) 

Note: In systems with I/O expansion, the power supplies on I/O expansion frames can be 
attached via DC cable to the power supply on the previous I/O expansion frame in a daisy-
chain manner, or directly to the main power supply.  In this case, the 12V DO control on the 
main power supply can control all DO EE relays in the entire RTU that were configured by dip 
switch for 12V DO.  This enables the user to inhibit all DO EE relays in the entire RTU simply 
by removing the plug from the 12V DO control in the main power supply.  For more 
information, see the I/O Expansion and Expansion Power Supply Module chapters below. 

The user program can monitor the relay inhibiting status and act accordingly.  Also, when the 
module’s relays are inhibited, any mismatch between the relay position and the output logical 
state is ignored. 

Module Configuration 

Relay Inhibiting 

 

When the dip switch is set to 12V DO, the position of the 2-pin 12V DO 
Control connector on the front panel of the power supply module (see 
Power Supply Module chapter above) acts as a safety mechanism.  When 
the 2-pin TB is unplugged from the 12V DO Control (e.g. for maintenance), 
power is not supplied via the motherboard to the relays and the relays are 
disabled.  The 12V DO affects all relays in the system that are programmed 
to work from the 12V DO (the default in the SBO module) and not the 12V 
Main. 
 
EE relays that are programmed for 12V DO operation will disconnect when 
12V DO power is shut down and cannot be changed in this state.   

 

The state of the Controlled DO LED (CDO) on the bottom of the front panel reflects the 12V 
control as follows: 

a. OFF - 12V is not controlled. 
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b. ON -  12V is controlled and exists.  

c. Blinking - 12V is controlled and does not exist. 

A dual selector dip switch (S3) on the DO Relay module has 4 selectable positions as described 
in the following table: 

Table 11-1  DO Relay Module- Dip Switch Settings 
S3 
SW 1 

S3  
SW 2 

Configuration mode 

OFF OFF 12V – Relay inhibiting disabled 

ON OFF Software selectable – inhibiting is set in site configuration 

OFF ON 12V – Relay inhibiting disabled 

ON ON 12V_DO – Relay inhibiting enabled (factory default) 
 

O
  N

O
 F F

 

Figure 11-3  12V DO Dip Switch 

 

When S3 is set to Software Selectable mode, the inhibiting configuration is set using the 
module configuration in the STS Site Configuration (see Table 11-2 below). 

For instructions on setting the 12V DO dipswitch to enable relay inhibiting, see Procedure 9-1 
in the Digital Output Relay Module chapter above. 

DO Keep Last Value (KLV) and Predefined Value (PDV)  
Each output can be configured to KLV or to a PDV (0, 1).  This value is executed when the 
user program stops or when the module has no communication with the CPU module. Also, the 
PDV can be used during normal operation to force a value on the output by ignoring the user 
program value (mask).   

Reset DO at Startup 
Table 11-2  ACE3600 DO Relay Module Software Configurable Features  
 

Parameter Selection Default Setup Per Module/ 
Input 

Parameter 
Setup Location 
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Parameter Selection Default Setup Per Module/ 
Input 

Parameter 
Setup Location 

DO Keep Last 
Value & Pre 
Defined Value 

KLV/PDV 
PDV = 0/1 

PDV = 0 Output Application 
Programmer I/O 
link table 

DO Mask No /Yes No Output Application 
Programmer I/O 
link table 

Relay Inhibiting 
(SW selectable) 

12V DO 
(Enabled)/ 12V 
(Disabled) 

12V DO 
(Enabled) 

Module Site 
configuration 

 

Sleep Mode 
Each DO module can be switched by the user program to Sleep Mode. In Sleep Mode, the 
module is not functioning and the power consumption is minimized.  

Module Status and Diagnostics  
In the event of module failure, the module’s ERR LED will be lit.  This event is registered by 
the CPU in the Error Logger.  Module failure status is also visible to the user program.  

The DO module can be diagnosed and monitored using the STS Hardware Test utility. This test 
verifies that the module is operational, presents the module configuration and shows the actual 
value of each output. It is also possible to change the DO’s value. 

In the Hardware Test utility, it is possible to set the module to Freeze Mode. In this mode, the 
DOs will keep the last value they had at the time they were frozen.  Freeze mode enables 
testing the inputs and outputs while the user program is running. 

For details on configuring the DO modules, see the Configuring a Site section and the 
Application Programmer section of the ACE3600 STS User Guide. 
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I/O Circuit Diagram 
 

 
 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 661 of 1072



Module Block Diagram 
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Connection Charts 
     8 DO SBO  

Pin Function Pin Function 

1 NO1A 21 NO5A 

2 COM1A 22 COM5A 

3 NO1B 23 NO5B 

4 COM1B 24 COM5B 

5 NO2A 25 NO6A 

6 COM2A 26 COM6A 

7 NO2B 27 NO6B 

8 COM2B 28 COM6B 

9  29  

10 PGND 30 PGND 

11 NO3A 31 NO7A 

12 COM3A 32 COM7A 

13 NO3B 33 NO7B 

14 COM3B 34 COM7B 

15 NO4A 35 NO8A 

16 COM4A 36 COM8A 

17 NO4B 37 NO8B 

18 COM4B 38 COM8B 

19  39  

20 PGND 40 PGND 
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8 Digital Output SBO Relay Module 

11-9 

8 DO SBO Relay Module Specifications 

Total Number of Outputs 8 EE relay outputs  

Output Arrangement 8 DO : 2 X Form A (SPST) - (two Normally Open contacts per DO) 
Contact Voltage Ratings Max. 60 V DC or 30 V AC RMS (42.4 V peak).  

Contact Power Ratings 2A @ 30 V DC, 0.6A @ 60V DC or 0.6A @ 30V AC (resistive load) 

Relay Back Indication Contact Back Indication: Indicating Contact position 

Relay Select Back 
Indication 

Indicating relay selection before relay activation 

DO Frequency Max. 10 Hz  

Diagnostic LEDs LED per each output status, module error LED, Controlled DO LED 

Controlled DO LED states: 
   a. OFF -  12V is not controlled. 
   b. ON   -  12V is controlled and exists. 
   c. Blinking  -  12V is controlled and does not exist. 

User Connection 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG  

Cable and TB Holder 40 Wire Cable with Terminal Block Holder connector, 26 AWG  

Fail State Configurable relay state on CPU fail: On, Off or ‘last value’  

All Relays Disable/Enable Selectable per module, controlled from the power supply  

Module Replacement Hot swap replacement – module extraction/insertion under voltage  

Output Isolation  Between open contacts: 1kV,  
Between contact and coil: 1.5 kV,  
Between contact sets: 1.5 kV 

Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5,  
Insulation impulse 1.5 kV per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector)  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H  x 180 mm D  
(1.5" W x 8.7" H x  7.1" D)  

Weight 8 DO  : approx. 0.29 Kg (0.64 Lb)  

 

Specifications subject to change without notice. 
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DIGITAL OUTPUT RELAY 120/230V MODULE 

General Description 
The ACE3600 DO Relay 120/230V (High Voltage DO) modules have 12 outputs.  Each output 
is switched by a relay.  

There are two types of DO relays: 

• Electrically Energized (EE) - the outputs return to the non-energized state in case of power 
off or module failure. 

• Magnetically Latched (ML) - Relay outputs are magnetically latched, the outputs maintain 
their state in case of power off or module failure. 

The following DO relays modules are available:  

• 12 DO EE Relay 120/230V 3A  

• 12 DO ML Relay 120/230V 3A   

For a description of I/O module construction, location, LEDs, TBs, and other common I/O 
module features, see the I/O Modules chapter above. 

Figure 10-1 provides a general view of the ACE3600 High Voltage DO Relay Module. 
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Figure 10-1  ACE3600 High Voltage 12 DO Relay Module – General View 
 

Figure 10-2 provides a detailed view of the ACE3600 High Voltage DO Relay Module front 
panel. 
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Figure 10-2  ACE3600 High Voltage 12 DO Module – Front Panel 
 

In the High Voltage 12 DO modules, the relays of all outputs (1 through 12) are normally open 
(NO) “Form A”. 

The physical position of each relay is monitored by the module logic, using a back indication 
signal which is connected to the relay’s second contact set.  Any contradiction between the 
required position and the back indication signal is reported to the CPU and is available to the 
user program.  

In some applications it is necessary to inhibit relay output operation when attending the site for 
safety reasons.  In all EE DO relay modules, it is possible to inhibit all relays per DO module. 
When a module is configured to enable relay inhibiting, the power to the relays is provided 
from the power supply via a dedicated power line (12V DO), controlled from the “12V DO” 
input.  (The 12V DO TB is located on the front panel of the power supply modules, except for 
the low-tier and expansion models.)  When the input’s terminals are shorted, the relays are 
operational.  When the input’s terminals are open, the relays are inhibited (EE relays in 0 
position.)   
 
ML relays cannot be inhibited.   

Note: In systems with I/O expansion, the power supplies on I/O expansion frames can be 
attached via DC cable to the power supply on the previous I/O expansion frame in a daisy-
chain manner, or directly to the main power supply.  In this case, the 12V DO control on the 
main power supply can control all DO EE relays in the entire RTU that were configured by dip 
switch for 12V DO.  This enables the user to inhibit all DO EE relays in the entire RTU simply 
by removing the plug from the 12V DO control in the main power supply.  For more 
information, see the I/O Expansion and Expansion Power Supply Module chapters below. 
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The user program can monitor the relay inhibiting status and act accordingly.  Also, when the 
module’s relays are inhibited, any mismatch between the relay position and the output logical 
state is ignored. 

Module Configuration 

Relay Inhibiting for EE Relays 

 

When the dip switch on EE relays is set to 12V DO, the position of the 2-pin 
12V DO Control connector on the front panel of the power supply module 
(see Power Supply Module chapter above) acts as a safety mechanism.  
When the 2-pin TB is unplugged from the 12V DO Control (e.g. for 
maintenance), power is not supplied via the motherboard to the relays and 
the relays are disabled.  The 12V DO affects all relays in the system that are 
programmed to work from the 12V DO and not the (default) 12V Main. 
 
EE relays that are programmed for 12V DO operation will disconnect when 
12V DO power is shut down and cannot be changed in this state.   
 
ML relays cannot be inhibited. 

 

A dual selector dip switch (S3) on the EE DO Relay module has four selectable positions as 
described in the following table: 

Table 10-1  DO Relay Module- Dip Switch Settings 
S3 
SW 1 

S3  
SW 2 

Configuration mode 

OFF OFF 12V_DO – Relay inhibiting enabled 

ON OFF Software selectable – inhibiting is set in site configuration 

OFF ON 12V_DO – Relay inhibiting enabled 

ON ON 12 V – (factory default) Relay inhibiting disabled 
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Figure 10-3  12V DO Dip Switch 

 

When S3 is set to Software Selectable mode, the inhibiting configuration is set using the 
module configuration in the STS Site Configuration (see Table 10-2 below). 

Procedure 10-1 describes how to set the 12V DO dip switch in order to enable relay inhibiting 
of EE relays. 

Procedure 10-1  How to Set the 12V DO Dip Switch to Enable Relay Inhibiting. 

1) If the 2-pin TB is plugged into the 12V DO Control on the front panel of the power supply 
module, unplug it.  

2) Remove the DO module from the slot in the rack. 
3) Carefully remove the plastic wrap covering from the S3 dip switch (see Figure 10-3) on the 

DO module board.   
4) Set the S3 dip switch to the desired position, SW1 = OFF, SW2 = OFF, according to the 

legend in Table 10-1.   
5) Replace the DO module in the rack. 
6) Replace the 2-pin TB back into the 12V DO Control on the front panel of the power supply 

module. 

DO Keep Last Value (KLV) and Predefined Value (PDV)  
Each output can be configured to KLV or to a PDV (0, 1).  This value is executed when the 
user program stops or when the module has no communication with the CPU module. Also, the 
PDV can be used during normal operation to force a value on the output by ignoring the user 
program value (mask).   

Reset DO at Startup 
It is possible to configure the module to reset all the ML relays positions on startup.  This is set 
in the STS site configuration. 

Table 10-2  ACE3600 High Voltage DO Relay Module Configurable Features  
 

Parameter Selection Default Setup Per Module/ 
Input 

Parameter 
Setup Location 

DO Keep Last 
Value & Pre 

KLV/PDV 
PDV = 0/1 

KLV Output Application 
Programmer I/O 
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Defined Value link table 

DO Mask No /Yes No Output Application 
Programmer I/O 
link table 

Reset DO at 
Startup 

Disable/Enable Disable Module Site 
configuration 

Relay Inhibiting 
(SW selectable) 

Disable/Enable Disable Module Site 
configuration 

 

Sleep Mode 
Each High Voltage DO module can be switched by the user program to Sleep Mode. In Sleep 
Mode, the module is not functioning and the power consumption is minimized.  

Module Status and Diagnostics  
In the event of module failure, the module’s ERR LED will be lit.  This event is registered by 
the CPU in the Error Logger.  Module failure status is also visible to the user program.  

The High Voltage DO module can be diagnosed and monitored using the STS Hardware Test 
utility. This test verifies that the module is operational, presents the module configuration and 
shows the actual value of each output. It is also possible to change the High Voltage DO’s 
value. 

In the Hardware Test utility, it is possible to set the module to Freeze Mode. In this mode, the 
High Voltage DOs will keep the last value they had at the time they were frozen.  Freeze mode 
enables testing the inputs and outputs while the user program is running. 

For details on configuring the High Voltage DO modules, see the Configuring a Site section 
and the Application Programmer section of the ACE3600 STS User Guide. 
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I/O Circuit Diagram 
 

HV DO EE Relay (SPST) - Typical Output Circuit 

                    

12V

DO Control

Back Indication NO

 

HV DO ML Relay (SPST) - Typical Output Circuit 
12V

DO Set Control

12V

DO Reset Control

Back Indication NO
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Module Block Diagram 
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Connection Charts 
     12 DO   

Pin Function  Pin Function 

1  21 

2 
NO1 

 22 
NO9 

3  23 

4 
NO2 

 24 
NO10 

5 Not used  25 Not used 

6 Not used  26 Not used 

7  27 

8 
NO3 

 28 
NO11 

9  29 

10 
NO4 

 30 
NO12 

11    

12 
NO5 

   

13    

14 
NO6 

   

15 Not used    

16 Not used    

17    

18 
NO7 

   

19    

20 
NO8 
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Digital Output Relay 120/230V Module 

10-10 

DO Relay 120/230V Module Specifications 

Total Number of Outputs 12 EE relay outputs  

12 ML relay outputs  

Output Arrangement 12 x 1 Form A  

Contact Power Ratings 3A @ 250 V AC, 3A @ 30 V DC, or 0.20A @ 125 V DC (resistive load) 

Minimum Contact Load 
Current 

10.0 mA @+5.00 V DC 

Maximum Switching Current 3.00 A 

Relay Back Indication Contact position - hardware back indication 

DO Frequency Max. 10 Hz (resistive load) 

Diagnostic LEDs LED per each output status, module error LED  

User Connection 3 Terminal Blocks (5.00mm pitch), Maximum 14 AWG  

Cable and TB Holder 30 Wire Cable with Terminal Block Holder connector, 20 AWG  

Fail State Configurable relay state on CPU fail: On, Off or ‘last value’  

All Relays Disable/Enable Selectable per  module, controlled from the power supply  

Module Replacement Hot swap replacement – module extraction/insertion under voltage  

Output Isolation  Between output and module logic 2.5 kV per IEC60255-5 

Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5,  
Insulation impulse 5 kV per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC ±10% (from the motherboard connector)  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H  x 180 mm D (1.5" W x 8.7" H x  7.1" D)  

Weight approx. 0.423 kg (0.90 lbs)  
 

Specifications subject to change without notice. 
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ANALOG INPUT MODULE 

General Description 
The Analog Input (AI) modules have 8 or 16 inputs.  The modules sample and convert analog 
data into digital format and transfer the digital data to the CPU module.   

The following modules are available: 

 8 AI  ±20 mA (supports 4-20 mA)  

 16 AI  ±20 mA (supports 4-20 mA) 

 8 AI  ±5 V (supports 0-5 V and 1-5 V)  

 16 AI  ±5 V (supports 0-5 V and 1-5 V) 

The module’s analog-to-digital conversion resolution is 16 bit (including sign). Each input is 
fully isolated from the other inputs on the module and also optically isolated from the module 
internal circuits. The modules are fully calibrated and can be tested and recalibrated in the 
field. 

The measured values are digitally filtered to reduce the 50 or 60 Hz noise. The user can select 
the filtering frequency per module. 

The measured values can be smoothed by digital filtering. Smoothing is accomplished by 
calculating the running average values of a defined number of converted analog values 
(samples). The user can select the level of smoothing per module. The higher the smoothing 
level chosen, the more stable is the smoothed analog value and the longer it takes until the 
smoothed analog signal is applied after a step response.  

The user can select how the analog values are represented to the user application program as 
unit-less numeric values or as scaled values that represent certain Engineering Units (EGU).  

Each AI module can include an optional plug-in floating 24V DC power supply to power 
external devices.  

Each analog input has two status LEDs: 

 UF - indicates Underflow when lit 

 OF - indicates Overflow when lit 

For a description of I/O module construction, location, LEDs, TB holder, and other common 
I/O module features, see the I/O Modules chapter above. 

For details on specific AI parameters and configuration, see AI Module Configuration below. 

Figure 12-1 provides a general view of the ACE3600 AI module. 
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8 AI Module       16 AI Module 
Figure 12-1  ACE3600 AI Module – General View 

 

Figure 12-2 provides a detailed view of the AI module front panel. 
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Figure 12-2  ACE3600 AI Module – Front Panel 
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AI Module Configuration 

50/60 Hz Filtering 
This parameter enables the user to configure the module to use 50 or 60 Hz filter on all inputs. 

AI Filter (Smoothing) 
This parameter enables the user to configure the level smoothing (averaging) on all inputs. It 
can be set to 1, 2, 4, 8, 16, 32, 64,128 samples. 

Change Of State (COS) Delta 
This parameter sets a delta value to each input.  This enables the user application program to 
get an indication when the input value change is more than ± delta value. 

Input Range 
This parameter sets the overflow and underflow limits (refer to AI Module value representation 
below.) 

In the current input modules, the ranges that can be selected are: ±20 mA (default) and 4-20 
mA.  

In voltage input modules, the ranges that can be selected are ± 5V (default), 0-5 V and 1-5 V. 

Keep Last Value (KLV) and Predefined Value (PDV)  
Each input can be configured to KLV or to a PDV.  This value is shown to the user application 
program in the event of AI module failure. The predefined value can also be used during 
normal operation to force a value that masks the actual input value.  In this case the user 
application program will get the PDV instead of the actual input value.  

I/O Legacy Resolution Parameter 
In systems with both ACE3600 RTUs and legacy (MOSCAD/MOSCAD-L) RTUs, some 
MOSCAD/MOSCAD-L applications can be upgraded to ACE3600 without modifying the 
references to analog values in the applications (‘C’ or ladder).  The I/O Legacy Resolution STS 
advanced parameter sets the Analog I/O bit resolution to either Actual (ACE3600) or Legacy 
(MOSCAD/MOSCAD-L).   

For values and restrictions, see Appendix A: Site Configuration Parameters in the ACE3600 
STS User Guide. 

AI Module Configuration Options 
The AI module features which can be configured are listed in the table below. Some parameters 
are per module and some are per input. 
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Table 12-1  ACE3600 AI Module Configurable Parameters  
 

Parameter Selection Default setup Per Module / 
Input 

Parameter 
Setup location 

50/60 Hz 
Filtering 

50/60 50 Hz Module STS Site 
configuration 

AI Filter 
(Smoothing) 

1/2/4/8/16/32/64/128 
(x10 mS) 

32 Module STS Site 
configuration 

Input Range Current: ±20 mA/ 
4-20 mA 
Voltage: ±5 V/0-5V/ 
1-5V 

Current: ±20 mA 

Voltage: ±5 V 

Module STS Site 
configuration 

COS Delta value 0 (disabled) Input Application 
Programmer I/O 
link table 

KLV & PDV KLV/PDV 

PDV=value 

KLV Input Application 
Programmer I/O 
link table 

Mask No /Yes No Input Application 
Programmer I/O 
link table 

Sleep Mode 
Each AI module can be switched by the user application program to Sleep Mode. In Sleep 
Mode, the module does not function and the power consumption is minimized. During Sleep 
mode the user application program will get the predefined values for each I/O. 

Module Status and Diagnostics 
In the event of AI Module failure, the I/O module ERR LED will be lit.  The event is registered 
by the CPU in the Error Logger.  AI Module failure status is also visible to the user application 
program.  

In addition to the ERR LED, the module includes an Underflow (UDF) and Overflow (OVF) 
LED for each input.  

• When the UDF LED is lit, it indicates that the signal level in the corresponding input is below 
the nominal range.  

• When the OVF LED is lit, this indicates that the signal level in the corresponding AI is above 
the nominal range.  

• If both the UDF and OVF LEDs of the same channel are lit, the channel is uncalibrated.  

The AI module can be diagnosed and monitored using the STS Hardware Test utility. The 
Hardware Test verifies that the module is operational, presents the module configuration and 
shows the actual value of each input, including overflow and underflow.  It is also possible to 
change the input filter setup for the duration of the Hardware test. 
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In the HW Test utility, it is possible to set the AI module to Freeze Mode. In this mode the 
program user will get the KLV or PDV of each input in the module instead of the actual input 
value. Freeze mode enables testing the inputs while the user application program is running. 

AI Module Value Representation 

In ± 20 mA 
current inputs 

Decimal Value Input Current Indication 

 < -32256 < -20.16 mA Underflow LED ON 

 -32000 -20 mA 

 0 0 mA 

 32000 +20 mA 

 

Rated range (no LED 
active) 

 > 32256 > +20.16 mA Overflow LED ON 

    

In 4 - 20 mA 
current inputs 

Decimal Value Input Current Indication 

 < 6144 < 3.84 mA Underflow LED ON 

 6400 +4 mA 

 0 0 mA 

 32000 +20 mA 

 

Rated range (no LED 
active) 

 > 32256 > +20.16 mA Overflow LED ON 

    

In ± 5 V current 
inputs 

Decimal Value Input Voltage Indication 

 < -32256 <-5.04V Underflow LED ON 

 -32000 -5 V 

 0 0 V 

 32000 +5 V 

 

Rated range (no LED 
active) 

 > 32256 > +5.04 V Overflow LED ON 

    

In 0 - 5 V 
current inputs 

Decimal Value Input Voltage Indication 

 < -256 < -0.04 V Underflow LED ON 

 0 0 V 

 32000 +5 V 

Rated range (no LED 
active) 

 > 32256 > +5.04 V Overflow LED ON 
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In 1 - 5 V 
current inputs 

Decimal Value Input Voltage Indication 

 < 6144 < 0.96 V Underflow LED ON 

 6400 1 V 

 32000 +5 V 

Rated range (no LED 
active) 

 > 32256 > 5.04 V Overflow LED ON 
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I/O Circuit Diagram 
 

 

AN+ 

PGND

AN-

15V 

51

A/D

AI ±20 mA - Typical Input Circuit 

124

Channel Select

AI ±20 mA - Typical Input Circuit 

 

15V 

51

51

A/D

AI ±10 V - Typical Input Circuit 

Channel Select

AN+ 

PGND

AN-
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Module Block Diagram 
8 AI 
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16 AI 
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Connection Charts 
  8 AI         16 AI 

Pin Function Pin Function  Pin Function Pin Function 

1 AI1+ 11 AI5+  1 AI1+ 21 AI9+ 

2 AI1- 12 AI5-  2 AI1- 22 AI9- 

3 AI2+ 13 AI6+  3 AI2+ 23 AI10+ 

4 AI2- 14 AI6-  4 AI2- 24 AI10- 

5 AI3+ 15 AI7+  5 AI3+ 25 AI11+ 

6 AI3- 16 AI7-  6 AI3- 26 AI11- 

7 AI4+ 17 AI8+  7 AI4+ 27 AI12+ 

8 AI4- 18 AI8-  8 AI4- 28 AI12- 

9 PGND 19 +24V  9 PGND 29 GND 

10 PGND 20 -24V  10 PGND 30 PGND 

     11 AI5+ 31 AI13+ 

     12 AI5- 32 AI13- 

     13 AI6+ 33 AI14+ 

     14 AI6- 34 AI14- 

     15 AI7+ 35 AI15+ 

     16 AI7- 36 AI15- 

     17 AI8+ 37 AI16+ 

     18 AI8- 38 AI16- 

     19 +24V 39  

     20 -24V 40  
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I/O Connection Diagram 
The diagram below describes the connection of two-wire and four-wire current 
sensors/transmitters to the Analog Input module. 

AI+ (input x)

AI - (input x)

4 Wire
Current
Sensor

AI Module

2 Wire
Current
Sensor

+

-

+

--

+ Shield

Shield

+
-

+ -

AI+ (input x)

AI - (input x)

AI Module

 
The diagram below describes the connection of two-wire and four-wire current sensors using 
the 24V PS plug-in on the Analog Input module. 

AI+ (input x)

AI+ (input x)
AI - (input x)

4 Wire
Current
Sensor

+24V (Plug-in PS)

AI Module

AI Module

2 Wire
Current
Sensor

AI- (input x)

+24V (Plug-in PS)

COM (common)

COM (common)

Shielded Wire

+

-

Shielded Wire+

-
-

+
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Analog Input Module 

12-12 

AI Module Specifications 

Total Number of Inputs 8 AI ±20 mA (4-20 mA)   
16 AI ±20 mA (4-20 mA)   
8 AI ±5 V (0-5 V, 1-5 V)   
16 AI ±5 V (0-5 V, 1-5 V)   

Input Configuration Isolated (floating) analog inputs 
A to D Resolution 16 bit (including sign) 
Input Accuracy ±0.1% of full scale @ -40ºC to +70ºC 
Input Sampling Time 10 mSec @ 50 Hz filtering; 8.33 mSec @ 60 Hz filtering   
Smoothing Selectable input averaging:1,2,4,8,16,32,64,128 samples (x10 mS) 
Permitted Potential Between 
Inputs 

75 V DC, 60 V AC (RMS) 

Input Impedance ±20 mA input: Rin < 250 Ω 
±5 V input: Rin > 1 MΩ 

Crosstalk Rejection Better than 80 dB between any pair of inputs  
Temperature Stability 25 PPM/ºC 
Interference Suppression Selectable 50 or 60 Hz filtering,  

Common mode rejection > 100 dB, 
Differential mode rejection > 50 dB 

24 V DC Output Supports optional isolated 24V Plug-in Power Supply  (one in 8 DI, 
two in 16 DI)  

Diagnostic LEDs Overflow and Underflow LED per each input status, Module error 
LED, 24V Plug-in status LED 
The module Overflow and Underflow levels can be configured to: 
Current inputs: ±20mA / 4-20 mA 
Voltage inputs: ±5 V / 0-5 V /1-5 V 

User Connection 2 or 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG  
Cable and TB Holder 20 or 40 Wire Cable with TB Holder connector, 26 AWG  
Module Replacement Hot swap replacement– module extraction/insertion under voltage 
Input Isolation  1.5 kV RMS between input and module logic, per IEC60255-5 
Input Insulation Insulation resistance 100 MΩ @ 500 V DC, per IEC60255-5 
Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector) 

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 
Dimensions 37 mm W x 225 mm H x 180 mm D, (1.5" W x 8.7" H x 7.1" D)  
Weight 8 AI  : approx.032 Kg   (0.71 Lb)  

16 AI: approx. 0.34 Kg (0.75 Lb) 

Specifications subject to change without notice. 
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ANALOG OUTPUT MODULE 

General Description 
The Analog Output (AO) modules have four optically-isolated analog output channels for 
controlling user devices (see Figure 13-1). Each channel has two possible outputs: 0-20 mA 
Interface industry standard current output and 0-10 V Interface industry standard voltage 
output. Only one of the outputs can be enabled in a particular channel - either current or 
voltage. 

The module’s digital to analog converter resolution is 14 bit.  The Analog Output channels are 
optically isolated from the module internal logic circuits. The modules are fully calibrated and 
can be tested and recalibrated in the field. 

Each analog output has three status LEDs, Vout, Iout, and CAL which represent the calibration 
status of each output for voltage/current.  See Module Status and Diagnostics below for the 
LEDs behavior. 

For a description of I/O module construction, location, LEDs, TBs, and other common I/O 
module features, see the I/O Modules chapter above. 

For details on specific AO parameters and configuration, see AO Module Configuration below. 
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Figure 13-1 provides a general view of the ACE3600 AO module. 
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Figure 13-1  ACE3600 AO Module – General View 
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Figure 13-2 provides a detailed view of the AO module front panel. 
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Figure 13-2  ACE3600 AO Module – Front Panel 
 

AO Module Configuration 

AO Type 
The analog outputs can be set to voltage, current, or raw data.  See Module Status and 
Diagnostics for details.  

AO Value 
The analog outputs can be set to a numeric value (in the range of 0 to 16000) or either in 
voltage or current according to the output type. The values for voltage are 0 to 10 V and the 
values for current are 0 to 20 mA.  See Module Status and Diagnostics for details.  
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The AO module value representation is as follows: 

In 0-20 mA current 
outputs 

Decimal Value Output 
Current 

 0 0 

 4000 5 mA 

 8000 10 mA 

 16000 20 mA 

In 0- 10 V voltage 
outputs  

Decimal Value  Output 
Voltage 

 0 0 V 

 4000 2.5 V 

 8000 5 V  

 16000 10 V 
 

AO Calibration 
The upper and lower limits of analog outputs can be calibrated - either as current (20mA upper 
limit and 4mA lower limit) or voltage (10V upper limit and 2V lower limit).  Default upper and 
lower calibration limits are provided from the factory.  See Module Status and Diagnostics for 
details. 

Keep Last Value (KLV) and Predefined Value (PDV)  
Each output can be configured to KLV or to a PDV.  This value is maintained in the event of 
AO module failure or communication failure with the CPU.  

The predefined value can also be used during normal operation to force a value that masks the 
actual output value.   

I/O Legacy Resolution Parameter 
In systems with both ACE3600 RTUs and legacy (MOSCAD/MOSCAD-L) RTUs, some 
MOSCAD/MOSCAD-L applications can be upgraded to ACE3600 without modifying the 
references to analog values in the applications (‘C’ or ladder).  The I/O Legacy Resolution STS 
advanced parameter sets the Analog I/O bit resolution to either Actual (ACE3600) or Legacy 
(MOSCAD/MOSCAD-L).   

For values and restrictions, see Appendix A: Site Configuration Parameters in the ACE3600 
STS User Guide. 
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AO Module Configuration Options 
The AO module features which can be configured are listed in the table below. Some 
parameters are per module and some are per output. 

Table 13-1  ACE3600 AO Module Configurable Parameters  
 

Parameter Selection Default setup Per 
Module / 
Output 

Parameter 
Setup location 

AO Type Voltage/Current User Defined Output STS HW 
Test/User 
application 
program 

AO Value Voltage  -  0 to 10 V  
Current  -  0 to 20 mA 

User Defined Output STS HW 
Test/User 
application 
program 

AO 
Calibration 

Voltage  -  2 to 10 V  
Current  -  4 to 20 mA 

Voltage - 2 to 10 V  
Current - 4 to 20 mA 

Output STS HW Test 

KLV & 
PDV 

KLV/PDV 

PDV=value 

KLV Output Application 
Programmer I/O 
link table 

Mask No /Yes No Output Application 
Programmer I/O 
link table 

Sleep Mode 
Each AO module can be switched by the user application program to Sleep Mode. In Sleep 
Mode, the module does not function and the power consumption is minimized. During Sleep 
mode the user application program will get the predefined values for each output. 
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Module Status and Diagnostics 
In the event of AO Module failure, the I/O module ERR LED will be lit.  The event is 
registered by the CPU in the Error Logger.  AO Module failure status is also visible to the user 
application program.  

In addition to the ERR LED, the module includes a voltage output (Vout), current output 
(Iout), and calibration (CAL) LED for each output.  

CAL Vout Iout Indication 

On On On Neither output is calibrated. 

On Off On Iout is uncalibrated. 

On On Off Vout is uncalibrated. 

Off On On Row value for testing purpose is defined by the user, 
either using HW test or user application program to send 
raw data. 

Off On Off Vout is defined by the user, either using HW test or user 
application program. 

Off Off On Iout is defined by the user, either using HW test or user 
application program. 

 

The AO module can be diagnosed and monitored using the STS Hardware Test utility. The 
Hardware Test verifies that the module is operational, shows the type and actual value of each 
output, enables calibration, and presents the ROM data calibration factors.  The AO type can be 
set either in the user application program or in the Hardware Test.  To set the output value in 
the Hardware test, the user application program must be stopped or the AO module frozen.  To 
calibrate the output in the Hardware test, the user application program must be stopped or the 
AO module frozen. 

In the Hardware Test utility, it is possible to set the AO module to Freeze Mode. In this mode, 
the AOs will keep the last value they had at the time they were frozen.  Freeze mode enables 
testing the inputs and outputs while the user program is running. 
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I/O Circuit Diagram 
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Module Block Diagram 
4 AO 
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Connection Charts 
     4 AO     

Pin Function  Pin Function 

1 Vout1   11 Vout3  

2 Ret1  12 Ret3 

3 Iout1  13 Iout3 

4 PGND1  14 PGND1 

5 PGND1  15 PGND1 

6 Vout2   16 Vout4  

7 Ret2  17 Ret4 

8 Iout2  18 Iout4 

9 PGND1  19 PGND1 

10 PGND1  20 PGND1 
 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 695 of 1072



I/O Connection Diagram 
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Analog Output Module 

13-11 

AO Module Specifications 

Total Number of Outputs 4 AO current (0-20 mA) or voltage (0-10 V)  
Output Arrangement Isolated floating channels, each channel can be connected as  

0-20 mA or 0-10 V DC voltage 
D to A Resolution 14 bit  
Output Accuracy ±0.1% full scale @ 25ºC  
Temperature Stability 25 PPM/ºC 
Internal Settling Time Max. 1.0 msec 
Output Load Voltage: > 1.0 kΩ, < 1.0 µf 

Current: < 750 Ω (internal power source) 
Crosstalk Rejection Better than 50 dB between any pair of outputs 
Interference Suppression Common mode rejection > 60 dB 
Output Protection Voltage output: short circuit current, max. 30 mA  

Current output: No-load voltage max. 22 V DC 
Diagnostic LEDs Module error LED, Voltage mode LED, Current mode LED, 

Calibration LED per channel 
User Connection 2 Terminal Blocks (3.5mm pitch), Maximum 18 AWG  
Cable and TB Holder 20 Wire Cable with TB Holder connector, 26 AWG  
Module Replacement Hot swap replacement– module extraction/insertion under voltage 
Isolation  1.5 kV between output and module logic 
Insulation Insulation resistance 100 MΩ @ 500 V DC, per IEC60255-5 
Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector)  
Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 
Dimensions 37 mm W x 225 mm H x 180 mm D, (1.5" W x 8.7" H x 7.1" D)  
Weight Approx. 0.29 Kg   (0.64 Lb)  

Specifications subject to change without notice. 
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MIXED I/O MODULE 

General Description 
The ACE3600 Mixed I/O modules include a mixture of Digital Inputs, Relay Outputs and 
Analog Inputs on the same module. 

The available Mixed I/O modules are: 

 16 Digital Inputs + 4 EE DO Relay Outputs + 4 Analog Inputs ( ±20 mA) 

 16 Digital Inputs + 4 ML DO Relay Outputs + 4 Analog Inputs ( ±20 mA) 

Figure 14-1 provides a general view of the ACE3600 Mixed I/O module. 
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Figure 14-1  ACE3600 Mixed I/O Module – General View 
 

Another type of mixed I/O is found on the Digital Output/Digital Input (DO/DI) FET module.  
See the Digital Output/Digital Input (DO/DI) FET module chapter above for more information. 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 698 of 1072



Figure 14-2 provides a detailed view of the Mixed I/O module front panel. 
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Figure 14-2  ACE3600 Mixed I/O Module – Front Panel 
 

The Digital Input (DIs) on the Mixed I/O modules are voltage (“wet”) inputs IEC 61131-2 
Type II compliant. The first 12 DIs can function as fast counters.  All DIs are optically isolated.  

Each DI can be an event trigger (by interrupt) to a high priority fast process. A high priority 
fast process enables very fast activation of an output in response to an input trigger and logical 
conditions. This high priority fast process is independent of the I/O scan (refer to the STS 
Application Programmer manual). 

All four relay outputs are Single Pole Double Throw (SPDT) and are referred to as the “Form 
C” relays. The physical position of each relay is monitored by the module logic, by using a 
back indication signal which is connected to the relay’s second contact set.  Any contradiction 
between the required position and the back indication signal, is reported to the CPU and is 
available to the user application program.  

In some applications, it is necessary to inhibit relay output operation when attending the site 
for safety reasons. In all DO relay modules; it is possible to inhibit all relays per DO module. 
When a module is configured to enable relay inhibiting, the power to the relays is provided 
from the power supply via a dedicated power line (12V DO), controlled from the “12V DO” 
input (TB located on the power supply module panel). When the input’s terminals are shorted, 
the relays are operational. When the input’s terminals are open, the relays are inhibited (EE 
relays in the OFF (0) position and ML relays do not change state.) 

The user application program can monitor the relay inhibiting status and act accordingly. Also, 
when the module’s relays are inhibited, any mismatch between the relay position and the 
output logical state is ignored. 
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The Mixed I/O modules Analog-to-Digital conversion resolution is 16 Bit (including sign). 
Each input is fully isolated from the other inputs on the module and also optically isolated from 
the module internal circuits. The modules are fully calibrated. It is possible to test and re-
calibrate the module in the field. 

The measured values are digitally filtered to reduce the 50 or 60 Hz noise. The user can select 
the filtering frequency per module. 

The measured values can be smoothed by digital filtering. Smoothing is accomplished by 
calculating the running average values of a defined number of converted analog values 
(samples). The user can select the level of smoothing per module. The higher the smoothing 
level chosen, the more stable is the smoothed analog value and the longer it takes until the 
smoothed analog signal is applied after a step response.  

The user can select how the analog values are represented to the user application program, as 
unitless numeric values or as scaled values that represent certain Engineering Units (EGU).  

Each AI module can include an optional plug-in floating 24V DC power supply to power 
external devices.  

Each analog input has two Status LEDs:  

 UF - indicates Underflow when lit 

 OF - indicates Overflow when lit 

The Mixed I/O modules support an optional 24V DC floating plug-in power supply (for 
contact “wetting” or other purposes). 

For a description of I/O module construction, location, LEDs, TB holder, and other common 
I/O module features, see the I/O Modules chapter above. For details on Mixed I/O Module 
specific parameters and configuration, see the Mixed I/O Module Configuration section below. 

Mixed I/O Module Configuration 
For configuration of the DIs, refer to the DI Module chapter. 

For configuration of the DOs, refer to the DO/DI FET Module or DO Relay Module chapter. 

For configuration of the AIs, refer to the AI Module chapter. 

Sleep Mode 
Each Mixed I/O module can be switched by the user application program to Sleep Mode. In 
Sleep Mode, the module does not function and the power consumption is minimized. During 
Sleep mode the user application program will get the predefined values per each I/O. 
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Module Status and Diagnostics 
In the event of Mixed I/O Module failure, the ERR LED will be lit. This event is registered by 
the CPU in the Error Logger.  DI Module failure status is also visible to the user application 
program.  

The Mixed I/O module can be diagnosed and monitored using the STS Hardware Test utility.  

For Hardware Test of the DIs, refer to the DI Module chapter. 

For Hardware Test of the DOs, refer to the DO/DI FET Module or DO Relay Module chapter. 

For Hardware Test of the AIs, refer to the AI Module chapter.  
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Module Block Diagram 
Mixed I/O 
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Connection Charts 
  Mixed I/O 

Pin Function Pin Function  

1 DI1 21 COM1  

2 DI2 22 NC1  

3 DI3 23 NO2  

4 DI4 24 COM2  

5 DI5 25 NC2  

6 DI6 26 NO3  

7 DI7 27 COM3  

8 DI8 28 NC3  

9 DI9 29 NO4  

10 DI10 30 COM4  

11 DI11 31 NC4  

12 DI12 32 AI1+  

13 DI13 33 AI1-  

14 DI14 34 AI2+  

15 DI15 35 AI2-  

16 DI16 36 AI3+  

17 24V+ 37 AI3-  

18 COM1 38 AI4+  

19 PGND1 39 AI4-  

20 NO1 40 PGND  
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Mixed I/O Module Specifications 

Total Number of Inputs / 
Outputs 

16 Digital Inputs + 4 EE Relay Outputs + 4 Analog Inputs  
( ±20 mA)  
16 Digital Inputs + 4 ML Relay Outputs + 4 Analog Inputs  
( ±20 mA)  

I/O Arrangement 1 group of 16 DIs with shared common 
4 relay outputs  - Form C 
4 isolated analog inputs 

DI Counter Inputs The first 12 inputs can be configured as fast counters.  

DI Frequency 0 - 1 KHz  

DI Fast Counter Frequency 0 - 5 KHz, minimum pulse width 100 µS 

DI Max. DC Voltage Max. 40 V DC 

DI “ON” DC Voltage Range +11 to +30 V DC, -30 to -11 V DC 

DI “OFF” DC Voltage Range -5 to +5 V DC 

DI Current 6-10 mA  

Fast Capture Resolution 1 mS (Interrupt upon change of state)  

Event Time Tagging 
Resolution 

1 mS (Interrupt upon change of state) 

DI Filtering 0 to 50.8 mS (DC, programmable in 0.2 mSec steps) 

DI Counter Filtering 0 to 12.75 mS (programmable in 0.05 mSec steps for inputs configured as 
high speed counters) 

DO Contact Voltage Ratings Max. 60 V DC or 30 V AC RMS (42.4 V peak).  

DO Contact Power Ratings 2A @ 30 V DC, 0.6A @ 60V DC or 0.6A @ 30V AC  
(resistive load) 

DO Relay Back Indication Contact position - hardware back indication 

DO Fail State Configurable relay state on CPU fail: On, Off or ‘last value’  

AI Resolution 16 Bit (including sign) 

AI Accuracy ±0.1% of full scale @ -40ºC to +70ºC 

AI Sampling Time 10 mSec @ 50 Hz filtering  
8.33 mSec @ 60 Hz filtering 

AI Smoothing Selectable input averaging: 1, 2, 4, 8, 16, 32, 64 or 128 samples  
(x10 mS) 

AI max. Potential between 
AIs 

75 V DC, 60 V AC (RMS) 

AI Impedance Rin < 250 Ω  

AI Crosstalk Rejection Better than 80 dB between any pair of inputs  
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Mixed I/O Module 

14-8 

AI Temperature Stability 25 PPM/ºC 

AI Interference Suppression Selectable 50 or 60 Hz filtering, common mode rejection > 100 dB, 
differential mode rejection > 50 dB 

Diagnostic LEDs Module error LED, Status LED per each DO and DI. 
Overflow and Underflow LED per each AI,  
24V Plug-in status LED (AI) 

AI Overflow and Underflow levels can be configured to: 
            Current inputs: ±20mA / 4-20 mA 
            Voltage inputs: ±5 V / 0-5 V /1-5 V 

24 V DC Output Supports one isolated 24V A plug-in “wetting” power supply  

User Connection 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG  

Cable and TB Holder 40 wire cable with Terminal Block Holder connector, 26 AWG  

Module Replacement Hot swap replacement– module extraction/insertion under voltage  

Input / Output Isolation  DI:  2.5 kV RMS between input and module logic per IEC60255-5 
DO: Between open contacts: 1kV,  
        between output and module logic: 1.5 kV per IEC60255-5  
AI:  1.5 kV between input and module logic per IEC60255-5 

Input Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector)  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H  x 180 mm D        
(1.5" W x 8.7" H x  7.1" D) 

Weight Approx. 0.31 Kg  (0.68 Lb) 
 

Specifications subject to change without notice. 
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MIXED ANALOG MODULE 

General Description 
The ACE3600 Mixed Analog modules include a mixture of Analog Inputs and Analog Outputs 
on the same module. 

The available Mixed Analog modules are:  

 4 Analog Outputs + 8 Analog Inputs (±20 mA)  (supports 4-20 mA) 

 4 Analog Outputs + 8 Analog Inputs (±5V) (supports 0-5 V and 1-5V) 

Figure 15-1 provides a general view of the ACE3600 Mixed Analog module. 
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Figure 15-1  ACE3600 Mixed Analog Module – General View 
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Figure 15-2 provides a detailed view of the Mixed Analog module front panel. 
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Figure 15-2  ACE3600 Mixed Analog Module – Front Panel 
 

For a description of the AIs in the Mixed Analog modules, see the Analog Input Module 
chapter. For a description of the AOs in the Mixed Analog modules, see the Analog Output 
Module chapter. 

The Mixed Analog modules support an optional 24V DC floating plug-in power supply to 
power external devices. 

For a description of I/O module construction, location, LEDs, TB holder, and other common 
I/O module features, see the I/O Modules chapter above. For details on Mixed Analog Module 
specific parameters and configuration, see the Mixed Analog Module Configuration section 
below. 

Mixed Analog Module Configuration 
For configuration of the AIs, refer to the AI Module chapter. 

For configuration of the AOs, refer to the AO Module chapter. 

Sleep Mode 
Each Mixed Analog module can be switched by the user application program to Sleep Mode. 
In Sleep Mode, the module does not function and the power consumption is minimized. During 
Sleep mode the user application program will get/set the predefined values per each I/O. 
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Module Status and Diagnostics 
In the event of Mixed Analog Module failure, the ERR LED will be lit. This event is registered 
by the CPU in the Error Logger.  AI Module failure status is also visible to the user application 
program.  

The Mixed Analog module can be diagnosed and monitored using the STS Hardware Test 
utility.  

For Hardware Test of the AIs, refer to the AI Module chapter.  

For Hardware Test of the AOs, refer to the AO Module chapter.  
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Module Block Diagram 
Mixed Analog 
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Connection Charts 
        4AO/8AI   

Pin Function  Pin Function 

1 Vout1   21 AI1+ 

2 Ret1  22 AI1- 

3 Iout1+  23 AI2+ 

4 PGND1  24 AI2- 

5 PGND1  25 AI3+ 

6 Vout2   26 AI3- 

7 Ret2  27 AI4+ 

8 Iout2  28 AI4- 

9 PGND1  29 PGND2 

10 PGND1  30 PGND2 

11 Vout3   31 AI5+ 

12 Ret3  32 AI5- 

13 Iout3  33 AI6+ 

14 PGND1  34 AI6- 

15 PGND1  35 AI7+ 

16 Vout4   36 AI7- 

17 Ret4  37 AI8+ 

18 Iout4  38 AI8- 

19 PGND1  39 +24V 

20 PGND1  40 -24V 
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Mixed Analog Module Specifications 

Total Number of I/Os 4 Analog Outputs + 8 Analog Inputs ( ±20 mA)  or 
4 Analog Outputs + 8 Analog Inputs ( ±5V DC)  

I/O Arrangement AO - each channel can be connected as 0-20 mA or 0-10 V,  
AI - Isolated (floating) analog inputs 

AO D to A Resolution 14 bit  

AO Accuracy ±0.1% full scale @ 25ºC  

AO Temperature Stability 25 PPM/ºC 
AO Internal Settling Time Max. 1.0 msec 
AO Load Voltage: > 1.0 kΩ, < 1.0 µf 

Current: < 750 Ω (with internal power supply) 
AO Crosstalk Rejection Better than 50 dB between any pair of outputs 
AO Interference Suppression Common mode rejection > 60 dB 
AO Voltage Output Protection Short circuit protection, max. 30 mA (all other operating channels 

remain fully functional) 
AO Current Output No-load Voltage  Max. 22.0 V DC  

AO Isolation  1.5 kV between output and module logic 

AO Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5 

AI A to D Resolution 16 Bit (including sign) 

AI Accuracy ±0.1% full scale  

AI Sampling Time 10 mSec @ 50 Hz filtering  
8.33 mSec @ 60 Hz filtering 

AI Smoothing Selectable input averaging: 1, 2, 4, 8, 16, 32, 64 or 128 samples 
(x10 mS) 

Permitted. Potential between Inputs 75 V DC, 60 V AC (RMS)  

AI Input Impedance ±20 mA input: Rin < 250 Ω 
±5 V input: Rin > 1 MΩ 

AI Crosstalk Rejection Better than 80 dB between any pair of inputs  

AI Temperature Stability 25 PPM/ºC 

AI Interference Suppression Selectable 50 or 60 Hz filtering, common mode rejection > 100 
dB, differential mode rejection > 50 dB 

24 V DC Output Supports one isolated 24V Plug-in “wetting” power supply  
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Mixed Analog Module 

15-7 

Diagnostic LEDs AO  - Voltage mode LED, Current mode LED, Calibration LED 
per channel  

AI - Overflow and Underflow LED per each input, 24V Plug-in 
status LED 

The module Overflow and Underflow levels can be configured to:
Current inputs: ±20mA / 4-20 mA 
Voltage inputs: ±5 V / 0-5 V /1-5 V 

General - Module error LED 

AI Input Isolation  1.5 kV between input and module logic  

AI Input Insulation Insulation resistance 100 MΩ @ 500 V DC per IEC60255-5 

User Connection 4 Terminal Blocks (3.5mm pitch), Maximum 18 AWG 

Cable and TB Holder 40 wire cable with Terminal Block Holder connector, 26 AWG  

Module Replacement Hot swap replacement– module extraction/insertion under voltage 

Operating Voltage 10.8-16 V DC and 3.3 V DC (from the motherboard connector)  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions 37 mm W x 225 mm H  x 180 mm D (1.5" W x 8.7" H x  7.1" D) 

Weight Approx. 0.34 Kg  (0.75 Lb) 
 

Specifications subject to change without notice. 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 712 of 1072



I/O EXPANSION 

General Description 
The ACE3600 RTU includes the option of expanding the number of I/O modules controlled by 
a single CPU module on the main frame.  The I/O expansion frames can be co-located with 
RTU on the main frame (installed in the same 19” rack or cabinet) or distributed in the same 
site (up to 50 meters from the main frame.) 

I/O expansion is based on a 100 Base-T full duplex Ethernet connection between the CPU 
module and the expansion modules. This type of connection enables the user program 
application to control and monitor the I/O modules on the expansion frames transparently in 
the same way it controls and monitors the I/O modules on the main frame.  

The user can diagnose all the modules on the expansion frames using the STS via the CPU on 
the main frame.  The STS can also be connected locally through the expansion module’s STS1 
RS232 port. 

I/O expansion is based on three modules: 

 Expansion LAN Switch:  This module is part of the expansion frame. It is installed in 
the main frame in an I/O module slot.  Up to seven expansion frames can be connected 
through a single expansion LAN switch.  (For one expansion frame, the switch is not 
required.)  Eight to thirteen expansion frames can be connected using a combination of 
two expansion LAN switches.  For information, see the Expansion LAN Switch 
chapter below. 

 Expansion Power Supply:  This module is installed in the I/O expansion frame.  It 
extends power (and 12V DO control) from the power supply on the RTU’s main frame 
to the I/O expansion frame, or from one I/O expansion frame to another.  For more 
information, see the Expansion Power Supply Module chapter below. This module can 
be replaced by another ACE3600 power supply option per power requirements or 
when the expansion frame is not co-located with the main frame.  For a list of power 
supply options, see the Power Supply Module and Backup Battery chapter above. 

 Expansion Module:  This module is part of the expansion frame.  It is installed in the 
I/O expansion frame next to the power supply.  It is connected via LAN to the RTU’s 
main frame, either to the CPU module or to the expansion LAN switch, depending on 
the configuration.  For more information, see the Expansion Module Chapter below. 

Note: Only a dedicated LAN should be used by the main CPU and expansion modules to 
communicate with each other.  Connecting other elements to the LAN may disrupt system 
operation. 

Note: The main CPU must include an Eth1 Ethernet port.  Therefore, only the CPU 3640 
can be used for I/O expansion. 
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Figure 16-1 provides a general view of an ACE3600 CPU with a single I/O expansion frame.  
The expansion module on the I/O expansion frame is connected using a crossed LAN cable to 
the CPU3640 on the main frame (Port Eth1.)  The expansion power supply on the I/O 
expansion frame is attached via DC cable to the power supply on the main frame.  Accessories 
such as a mobile radio, battery, and plastic box are attached to a separate optional 19” chassis. 
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I/O Frame

DC 
Cable

Main Frame

Main PS (AC/DC)
CPU3640

Expansion 
PS
Expansion 
Module

Radio/Batt. Chassis
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                       Figure 16-1  ACE3600 I/O Expansion – Single Frame Example 
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Figure 16-2 provides a general view of an ACE3600 CPU with multiple I/O expansion frames 
(two to seven.) The CPU on the main frame (Port Eth1) is connected using a LAN cable to the 
LAN switch on the main frame (Port Eth1-M).  The expansion modules on each of the seven 
I/O expansion frames are connected using a LAN cable to the expansion LAN switch (Eth2-
Eth8) on the main frame.  The expansion power supply on the first I/O expansion frame is 
attached via DC cable to the power supply on the main frame.  The power supplies on the other 
I/O expansion frames are each attached via DC cable to the power supply on the previous I/O 
expansion frame, in a daisy-chain manner.  Accessories such as a mobile radio, battery, and 
plastic box are attached to a separate 19” chassis.  

Note that the number of chained frames is limited by the total power and voltage drop. 
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Figure 16-2  ACE3600 I/O Expansion – Multi-Frame Example 
 

Note: The number of expansion power supplies that can be cascaded to the power supply on 
the main frame is limited.  When required, DC or AC power supplies should be installed on the 
expansion frames to meet the accumulated power consumption requirements. 
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In the maximal configuration, up to 110 I/Os can be connected to the ACE3600, by using two 
expansion LAN switches on the main frame and thirteen I/O expansion frames.  See Figure 16-
3.   
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Figure 16-3  ACE3600 I/O Expansion – Maximal I/O Configuration 
 

I/O Expansion Frame 
An I/O expansion frame must always include an expansion module to enable the CPU in the 
main frame to communicate with and control the expansion frame and its I/O modules.  The 
expansion module is provided with each expansion frame model. 

Like the ACE3600 main frame, the I/O expansion frame can contain 3, 5, 7 or 8 I/O slots. The 
expansion frame is compatible with the existing chassis and housing options. 

I/O Expansion Power 
The choice of power supplies for a system with I/O expansion is determined by the specific 
configuration and the power requirements of the system.   

In a co-located system where the power supply on the main frame feeds the I/O expansion 
frame, a low-tier power supply cannot serve as the main power supply.   

In a distributed system where the power supply on the I/O expansion frame is not connected to 
the main frame, any power supply modules can be used which suit the power requirements of 
the system.  When applicable, it is recommended to have an external single power on/off 
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I/O Expansion 

16-5 

switch to control all power supplies simultaneously.  Similarly, it is recommended to have a 
single on/off for all 12V DO controls.  If a DC power supply low tier is used on the expansion 
frame, it does not include the 12V DO control, and it cannot provide power (in a daisy-chain 
manner) to other expansion power supplies. 

For guidelines on selecting the power supplies for a particular ACE3600 RTU with I/O 
expansion, see the ACE3600 System Planner. 

Power-up/Restart/Power-down 
In a system where the power supply on the main frame feeds the I/O expansion frame, 
powering up/restarting the main power supply will power-up/restart the expansion frames as 
well.  Powering down the main power supply will power-down the expansion I/Os as well. 

In a system where the power supply on the I/O expansion frame is not connected to the main 
frame, powering down or restarting the main power supply will not power-down the I/Os on 
the expansion frame.  However, these expansion I/Os may be reset after a period of time as a 
result of this action.  If the expansion frame loses communication with the main frame for more 
than a certain number of seconds (configurable), it will restart.  For more information, see the 
Expansion Module chapter below.  For information on configurable timeouts which may cause 
the expansion module to restart, see the ACE3600 STS User Guide - Appendix A: Site 
Configuration Parameters. 

Status and Diagnostics 
Status and diagnostics information can be retrieved from the expansion module, LAN switch, 
and power supply using the STS Hardware Test utility and SW Diagnostics and Loggers, via 
the CPU on the main frame.  In a system where the expansion is not co-located with the main 
frame, status and diagnostics information on the expansion components can be retrieved by 
connecting directly to the expansion module.  For more details, see the relevant chapter in this 
manual and the Hardware Test section of the ACE3600 STS User Guide. 
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EXPANSION MODULE 

General Description 
The expansion module provides an interface from the CPU module (either directly or via the 
expansion LAN switch) on the ACE3600 main frame to the I/O modules on the expansion 
frame.  This enables the CPU on the main frame to control the I/O modules on the expansion 
frame and process the gathered data. 

This module is installed in the I/O expansion frame in the second slot from the left and is 
connected via dedicated LAN to the RTU’s main frame.   

Figure 17-1 provides a general view of the ACE3600 expansion module. 
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                      Figure 17-1  ACE3600 Expansion Module – General View 
 

The front panel includes status LEDs, expansion address LEDs, communication port LEDs, 
two pushbuttons, communication ports and rotary switch.  The panel is covered by the module 
door. 
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Figure 17-2 provides a detailed view of the expansion module front panel. 
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       Figure 17-2  ACE3600 Expansion Module – Front Panel 

Front Panel 

Pushbuttons 
The expansion module includes two pushbuttons on the front panel, PB1 and PB2.   

These pushbuttons are used for activating and testing the modules LED, restarting the unit, and 
activating memory test.  See the Pushbutton Functionality section below for information on 
pushbutton functionality. 

Note: The pushbuttons cannot be monitored by the user application program (when it is 
running) for the application purposes.  The pushbutton status can be checked using the 
Hardware Test utility. 

Frame Number Selector Switch 
The expansion module includes a (rotary) selector switch which enables the user to determine 
the frame number in the expanded RTU.  The frame number is used during communication 
with the main CPU, with the STS, etc.  For instructions on setting the frame number, see 
Setting the Frame Number below. 

Communication Ports 
The expansion module includes two on board communication ports: 
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 Exp Eth1  (E1) - 10/100BaseT Ethernet port, used to connect to the expansion LAN 
switch or to the main CPU 

 STS 1  (STS1) – RS232 port 115200 bps, used to connect a PC running the ACE3600 
STS to perform diagnostics and other STS operations (for distributed I/O), as if it is 
connected directly to the main CPU (i.e. it provides access to the whole system.) 

For the detailed specifications of each port, see the Expansion Module Specifications below.  
For information on the cables and connectors, see Connecting the Expansion Module below 
and Appendix C. 

Note: When connecting an Ethernet cable to the main CPU, add one Fair-Rite ferrite core 
(#7683477X01 from the supplied ferrite kit FHN7007A) on each end of the cable, near the 
connectors.  Each core has two turns.  When connecting an Ethernet cable to the expansion 
module, add one Fair-Rite ferrite core (#7683477X01 from the supplied ferrite kit FHN7007A) 
on each end of the cable, near the connectors.  Each core has two turns.  (The number of turns 
when using ferrite cores is determined by the times the cable/wire crosses the internal aperture 
of the core.) 

LEDs 
The expansion modules include module status LEDs, port status LEDs, and expansion address 
LEDs.  Some of the LEDs are single color (green) and some are bicolor LEDs (red, green or 
orange).  

Status LEDS indicate the expansion module status in startup (boot), run-time or when there is a 
failure. The communication LEDs are used to indicate the communication port status. The 
expansion address LEDs indicate the address selected with the rotary frame number selector 
switch, as detected during startup.  Note that during startup or failure, the communication and 
expansion address (EXP ADDR) LEDs are used to indicate various situations. Table 17-1 
details the LEDs functionality. 

Module Firmware and Operation Modes 
The expansion module firmware extends the main CPU control to the I/O modules located in 
the expansion frame.  The expansion module (expansion CPU) is shipped from the factory with 
dedicated firmware called Expansion Loader.  After connecting to the main CPU (MCPU), the 
expansion module loads the Expansion Firmware Image from the main CPU to ensure that all 
modules use the same firmware version.  The diagram below depicts the initiation process of an 
expansion module after power-up/restart and during run-time:   
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The Expansion module discovers the main 
CPU (MCPU) via UDP/IP (broadcast).

Discovery succeeded-
obtained self and MCPU IP address?

no

yes

no

yes
1. Loads the Firmware Image into RAM from the MCPU (using TCP).
2. Turns off all LEDs and runs the loaded Expansion Firmware Image.
3. Auto-recognizes actual I/O modules.

Loads user files from the MCPU (using TCP) and saves in FLASH:
1. Configuration, if such exists
2. Application database, if such exists
3. Predefined input and output values and I/O link (if such exist)
4. Encryption files, if such exist

Failed to load one or more files?

Running:
1. Monitor EMI communication with the MCPU.
2. Monitor the MCPU status via TCP.
3. Monitor actual I/O modules change (hot-swap) and update the MCPU.

1. Registers its actual I/O modules information in the MCPU (using TCP).
2. Initializes the Expansion Image (system startup).
3. Negotiates Ethernet addresses (MAC) and starts EMI with the MCPU via TCP.
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Power-up and Restart 
The MCOM LED (see LED description in Table 17-1) on the expansion module indicates the 
connection status between the expansion module and the main CPU and expansion frame 
initialization progress.  

The main CPU expects the expansion frames to complete the initialization within a 
configurable period of time (60 seconds default). After this period of time elapses, the main 
CPU will operate normally with the connected frames and their I/O modules. Any expansion 
frame that has not completed initialization within that time (e.g. because it was connected later 
to the RTU) will be ignored until the next main CPU restart. 

Note that after the main CPU starts up, it waits for the expansion modules to complete the 
initialization process. The wait time is derived from the number of expansion frames 
configured in the RTU. After all the expansion frames have completed the initialization, the 
main CPU will continue its system startup. The main CPU will wait 60 seconds (default) for all 
expansion frames to connect. 

Restart after Firmware Download 
After a new version of the firmware is downloaded to the main CPU, the CPU and all 
expansion modules will restart (as with configuration download or main CPU power reset.)  
Note that the restart includes the time to identify all expansion frames, as described above.  
After a new version of the Expansion Loader firmware is downloaded to the expansion module 
(using the STS Hardware Test feature), the expansion module will restart itself.  For 
information on upgrading the Expansion Loader firmware, see the ACE3600 STS User Guide. 

Restart after Configuration Download 
After a site configuration is downloaded to the main CPU, the CPU will restart and will 
instruct the expansion modules to restart as well.  Note that the restart includes the time to 
identify all expansion frames, as described above.  For information on downloading to the 
RTU, see the Operation chapter of the ACE3600 STS User Guide. 

If the RTU fails to restart after the user-defined site configuration was downloaded, a unique 
LED display (in the range of the PI1-TX and SI2-RX LEDs) will follow.  The RST LED will 
turn RED and the RTU will restart itself with the previous “good” configuration.  The 
expansion module will be restarted.  The following message will appear in the RTU Error 
Logger “Configuration file was deleted due to failure in startup. Rolling back to the last 
configuration file.”  Errors can be retrieved from the RTU using the ACE3600 STS Error 
Logger utility.   

If the newly-downloaded configuration has a problem which prevents the expansion module 
from connecting to the main CPU, the expansion module is restarted, and will operate in 
Expansion Loader mode.  It will restart every two minutes, and be unable to perform 
discovery/load image from main CPU.  If the site’s I/O configuration includes one or more 
frames, a warning is displayed in the main CPU. If no frames were configured for the site, the 
main CPU will ignore all Expansion Loader discovery requests. 

If the startup succeeds after configuration download but has errors, these errors are reported in 
the RTU Error Logger.  It is, therefore, recommended to check for errors after downloading a 
configuration file to the RTU.  Errors can be retrieved from the RTU using the ACE3600 STS 
Error Logger utility.   
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For information on retrieving errors from the RTU Error Logger, see the Operation chapter of 
the ACE3600 STS User Guide. 

Restart after Erase Flash 
After the User Flash is erased in the main CPU, the RTU will restart with the default site 
configuration and all expansion modules will restart.  Note that the restart includes the time to 
identify all expansion frames, as described above.  

Expansion Module during Run-Time 
The expansion module constantly exchanges I/O data and status data with the main CPU, using 
the Ethernet Microcode Interface (EMI).  The EMI enables the main CPU to be updated by all 
the expansion modules at very short intervals via the expansion Ethernet LAN. The main CPU 
constantly synchronizes the expansion module date and time, and periodically polls the errors, 
pushbuttons and time tagged data from all the connected expansion modules.  

If the connection between the expansion module and the main CPU is lost (e.g. due to main 
CPU restart, cable disconnection, etc.) for a configurable period of time (1 minute default), the 
expansion module will restart and the initialization process will begin again.  

After the expansion frames have initialized, it is possible to download to the RTU a user 
program or other user defined files. After successful download, the main CPU automatically 
updates each expansion module. Note that if the main CPU tries to download a user program or 
other files to an expansion module during initialization, the expansion module is restarted. 

Power-down 
When the voltage provided to the expansion module (from the power supply on the expansion 
frame) drops below the minimum level, the module will shut down in an orderly fashion.  
When the expansion frame is powered using an expansion power supply (or 12V low-tier 
power supply), it may shut down when the voltage drops below 10.8 V.  When the expansion 
frame is powered using other types of ACE3600 power supplies, this level is configurable.  See 
the ‘Minimum DC operation voltage’ parameter in Appendix A: Site Configuration Parameters 
of the ACE3600 STS User Guide. 

File Download without Restart 
When certain files (e.g. I/O FPGA, encryption keys, compiled ladder) are downloaded from the 
STS to the main CPU, the main CPU will “forward” the files to the expansion modules, 
without forcing a restart.  The main CPU will restart the expansion modules if the “forward” 
operation fails for some reason (e.g. temporary loss of communication.)   

Module Status and Diagnostics 
The module status is indicated on the front panel LED.  Detailed module status and diagnostics 
information can be retrieved via the main CPU using the STS Hardware Test utility.  For more 
details, see the Hardware Test section of the ACE3600 STS User Guide. 
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Module Warnings and Errors 
Expansion module warnings and errors are logged in the main frame CPU memory to indicate 
issues or errors during power-up, restart, run-time, and other modes of CPU operation.  If a 
warning or error occurs in any one of the RTU frames, the ERR LED will light up on the front 
panel of the main CPU and the MERR LEDs will light up on the front panel of all expansion 
modules.  Green indicates a message, orange indicates a warning, and red indicates an error.   

The RTU error logger information can be retrieved using the STS Error Logger utility.  For 
more details, see the Error Logger section of the ACE3600 STS User Guide. 

Connecting the Expansion Module 
Install the expansion module in the second slot from the left in the expansion frame.   

Direct connection: In a system with a single expansion frame, connect the Exp. Eth1 port on 
the expansion module directly to the Eth1 port on the main CPU, using the crossed Ethernet 
cable described below. 

Switch connection:  

 In an RTU with more than one expansion frame (and up to seven), connect the Exp. 
Eth1 port on the expansion module to one of the Ethernet ports Eth2-Eth8 on the 
expansion LAN switch (situated on the main frame).  Note: The Eth.1 (M) port on the 
expansion LAN switch is reserved for connection to the main CPU. 

 If two switches are used (more than seven expansion frames), connect the Exp. Eth1 
port on the expansion module to one of the Ethernet ports (Eth3-Eth8) on the first 
expansion LAN switch or to one of the Ethernet ports (Eth2-Eth8) on the second 
switch.  (Connect the Eth2 port on the first switch to the Eth1 (M) port on the second 
switch Ethernet LAN, as described in the Expansion LAN Switch chapter below.) 

Expansion frames are provided without cables.  For connection, use one of the cables listed 
below or use any other standard Category 5E shielded (FTP) LAN cable (up to 50m, per cable 
length limit.) 

Four different Ethernet cables are available for this purpose.  Choose the cable length based on 
the distance from the main frame to the expansion frame.   

 0.6 meter (Motorola p/n FKN8561A) - This cable is for local connection of the main 
CPU to the expansion switch. 

 2 meter (Motorola p/n FKN8562A) 

 3 meter (Motorola p/n FKN8563A) 

 3 meter (Motorola p/n FKN8525A) crossed cable - This cable is for direct connection 
of the expansion module to the main CPU. 

For more on switch connection, see the Expansion LAN Switch chapter below.  
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Setting the Frame Number  
The expansion module shipped from the factory is set by default to 1.  If more than one I/O 
expansion frame is added, this frame number (also known as frame ID) must be changed.  
Procedure 17-1 describes how to set the expansion frame number using the rotary selector 
switch on the front panel of the expansion module.  The frame number should be changed 
before powering up the module. 

Procedure 17-1 How to Set the I/O Expansion Frame Number 

1) Make sure that the expansion module is not connected to a power source. 

2) Insert a small flat screwdriver into the groove on the rotary frame number selector.  See 
Figure 17-3.   

3) Using the screwdriver, turn the dial until the arrow points to the desired frame number. 
Note: The selected frame number must not already be assigned to another expansion 
module and must be in the range of 1-13 (1-9, A, B, C, D hexadecimal.)   

4) Connect the expansion module to a power source. 

5) When the expansion module is powered up, verify the selected frame number via the four 
binary Expansion Address (EXP ADDR) LEDs on the front panel.  This is the frame 
number that will be used when communicating with the main CPU.   

 

1

2

5

3B

9
8 6

C

A

7

4

D

Groove

     

X1

X2

X4

X8

EXP 
ADDR

 

Figure 17-3  Expansion Module Rotary Frame Number Selector Switch and  
Expansion Address LEDs 

 

  

The rotary frame number selector switch should not be changed while the expansion 
module is running.  If the switch is changed while the expansion module is running, 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 725 of 1072



the frame number will not be changed.  A message will be logged in the Error Logger 
notifying the user of the switch change (specifying the actual frame number.) 

If the frame number was set to a number other than 1-9/A-D before power-up, the 
expansion module will restart itself continually until the frame number is changed.  
The MERR LED will be red, but no error is logged.  The invalid number (1-15) will 
be reflected in the Expansion Address LEDs. 

If the frame number is changed after the Expansion Loader has begun discovery, but 
before the Expansion Image is started, the expansion module will restart itself and use 
the new frame number (assuming it is 1-9/A-D.) 

It is recommended to set the frame numbers in sequential order (i.e. frame number 1 
connected to the expansion LAN switch port Eth2, frame number 2 connected to 
expansion LAN switch port Eth3, etc.) 

0 is an illegal frame number and is not represented by the EXP ADDR LEDs. 
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Pushbutton Functionality 
In general, the two pushbuttons on the front panel of the expansion module behave like the 
pushbuttons on the front panel of the CPU module, with the exception of the Erase User Flash 
functionality and user application access which are not available.   

Note: PB2 is not relevant during run time in the expansion module. 

Scenario Trigger Action  

LEDs Test During run-time, press PB1 
for five or more consecutive 
seconds (but less than 30).   

All the LEDS on the expansion module 
and I/O modules on that expansion frame 
will be lit until let go of PB1 and then 
returned to their previous states. 

Turn LEDs ON During run-time, press PB1 
for one second. 

Those LEDs which are currently active 
will be turned on for a period of time 
(configured in the RTU configuration 
using the STS.)  

Bootstrap During startup, press PB2 
continuously for five 
seconds. 

Note: Before initiating 
bootstrap, the expansion 
module must be connected 
directly to the STS PC in 
standalone mode.  No other 
components can be on the 
network which might create 
a conflict with the default IP 
address.  

The expansion will start up in diagnostic 
mode.  Communication with the RTU is 
for diagnostic purposes only (Error 
Logger/ SW Diagnostics) or for 
downloading new primary image firmware 
to the module. (See Module Firmware and 
Operation Modes below.) 

If the bootstrap fails, the four indicator 
LEDs (see LEDs Location in Table 17-2) 
will display the failure error in binary 
code. 
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Scenario Trigger Action  

RAM Test During startup, press PB1.  A detailed memory test of SDRAM and 
SRAM plug-in is performed. 

- At the beginning of the RAM test, the 
four indicator LEDs (see LEDs Location in 
Table 17-2) will blink three times.  During 
the RAM test, the LEDs may blink or be 
lit. 

If the RAM test succeeds, the four LEDs 
will blink three times and turn off and the 
restart sequence will continue.  

If the RAM test fails, the RTU will freeze 
(restart sequence stops), the PWR LED 
will blink and the four LEDs will blink 
seven times.  The failure error code will 
then be displayed on the LEDs, in binary 
code, as described in Table 17-3. 

- To exit/abort the RAM test in the middle, 
restart the RTU using the On/Off switch on 
the front panel. 

 

LEDs Behavior 
The table below describes the behavior of the LEDs on the expansion module.  

Table 17-1 Expansion Module LEDs Behavior 
 

LED Name Description Status 

PWR Power LED  

Bicolor LED (Red, Green) 

Flashing Red – Power exists; Module FPGA 
not loaded. 

Green – Power exists; Module is running from 
a recognized power supply. 

Red – Failure on power-up. Module is 
running from an unrecognized power supply. 
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LED Name Description Status 

MERR Main CPU  
Error Logger Status LED 

Bicolor LED (Red, Green) 

OFF – No new errors or warnings logged in 
main CPU. 

Green – New message logged. 

Orange – New warning logged.  

Red – New error logged. 

Note: In systems with I/O expansion, all error 
messages from I/O expansion frames are 
periodically collected by the main CPU and 
saved with the main frame error messages.   

When an error message is logged in either the 
main frame or I/O expansion frames, the ERR 
LED is lit on the main CPU front panel and 
the MERR LEDs are lit on all expansion 
modules.  When the messages are cleared, the 
ERR/MERR LED(s) are turned off.   

RST Reset LED  

Bicolor LED (Red, Green) 

Green – On startup 

OFF – Successful power-up or restart. 

Red – Power-up or restart failed. 

MCOM Main CPU  
Communication LED 

Bicolor LED (Red, Green) 

Red – Slow blink – Expansion Loader looking 
for main CPU (discovery). 

Red – Fast blink – Expansion Loader loading 
image. 

Red – Expansion module firmware initializing 
image. 

Green – Slow blink - Expansion module 
registered with main CPU. 

Green – Fast blink – Expansion module ready.  
(If this occurs after connection was 
established – solid green, it is a sign that the 
Expansion module is disconnected from the 
main CPU.) 

Green – Solid – Expansion module connected. 
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LED Name Description Status 

MCNF Main CPU  
Configuration LED 

Bicolor LED (Red, Green) 

This LED reflects the state of the CONF LED 
in the main CPU: 

OFF – Configuration was not loaded in the 
main CPU. 

Green - Configuration was loaded in the main 
CPU. 

Red - Configuration error in the main CPU. 

This LED is only relevant after the main CPU 
has completed its startup. 

SI1 TX STS Port 1 – TX (transmit) 

Green LED 

ON – Transmitting Data 

SI1 RX STS Port 1 – RX (receive) 

Green LED 

ON – Receiving Data 

SI1 CM STS Port 1 – CM (channel 
monitor) 

Green LED 

ON – Channel Monitor is ON. 

E1 LNK Ethernet Port 1 (link)  

Green LED 

ON – Network Connected 

In case of RAM test, see Table 17-3. 

E1 RX Ethernet Port 1 (receive)  

Green LED 

ON – Receiving Data 

In case of RAM test, see Table 17-3. 

EXP 
ADDR  
x1, x2, x4, 
x8 

Expansion address LEDs  

Green LED 

Reflects the expansion address set in the 
rotary frame number selector switch.  The 
four LEDs together form the binary 
representation of the addresses 1-D.  See 
Figure 17-3.  

During module startup, the LEDs reflect 
communication errors.  See Table 17-2. 
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Table 17-2 Expansion Module - Error Code Display on LEDs 
 

LEDs Location LED Error Code Description  

ERR Code 1

 

Invalid ID in expansion module, or incompatible 
board type. 

ERR Code 2

 

Timeout getting discovery response. 

ERR Code 3

 

Failed sending discovery request or getting 
invalid response. 

ERR Code 4

 

Failed to configure expansion port. 

 

ERR Code 5 Timeout getting image. 

 

ERR Code 6 Failed to initialize image. 

 

ERR Code 7 Timeout initializing expansion module (while 
getting ready.) 

ERR Code 8

 

Received illegal file. 

 

ERR Code 9

 

Failed to burn file. 

 

ERR Code 10

 

Failed to read local I/O, or to send it to main 
CPU. 

ERR Code 11 Failed to send READY or START signal. 

ERR Code 12 Timeout getting EMI 'Connect' after EMI was 
started. 

ERR Code 13

 

Failed a few times to send/connect keepalive 
signal. 

ERR Code 14

 

Failed to start EMI or disconnected due to 'fail 
timeout'. 

Ethernet LEDs
in Expansion 
Module

X1

X2

X4

X8

EXP 
ADDR

 

ERR Code 15 Other system startup failure. 
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Table 17-3 Expansion Module – RAM Test Error Code Display on LEDs 
 

LEDs Location LED Error Code Description  

ERR Code 1

 

ERR Code 1 = Error in Flash 

ERR Code 4

 

ERR Code 4 = Unable to boot.  
                        Corrupted bootstrap. 

Ethernet LEDs
in CPU3640

 
The four LEDs 
begin with the 
group marked E1, 
as above.   

ERR Code 6

 

ERR Code 6 = Low voltage under 12V 

 

Where OFF LED = '0';   
           ON   LED = '1'  (very fast blink, almost  
           continuous);  
The highest LED is the most significant. 

 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 732 of 1072



Expansion Module 

17-16 

Expansion Module Specifications 

Microprocessor  Freescale – Power PC II, MPC8270, 32-bit 

Microprocessor Clock  200 MHz 

Serial Port  RS232C Asynch, Full Flow Control port, up to 230.4 kb/s; used for STS only  

Ethernet Port  10/100 Mb/s – connection to the main frame 

LAN Cable Category 5E shielded (FTP), up to 50 meter 

LEDs Display 4 CPU diagnostic LEDs, Port status LEDs and Expansion Address LEDs  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Operating Voltage 10.8-16 V DC (from the motherboard connector) 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x 7.1" D)  

Weight Approx. 0.38 Kg  (0.84 Lb) TBD 

Specifications subject to change without notice. 
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EXPANSION LAN SWITCH 

General Description 
The expansion LAN switch provides an interface from the ACE3600 CPU (on the master RTU 
frame) to up to seven expansion modules (on I/O expansion frames), or up to 13 expansion 
modules when two switches are used.  This enables the use of up to 110 I/O modules.  The 
expansion modules can be co-located with the switch (installed in the same 19” frame or 
cabinet) or distributed in other locations. 

The expansion LAN switch is installed in the main frame only, in either of the first two I/O 
module slots. 

 

Figure 18-1  Expansion LAN Switch – General View 
 

The front panel includes an Error LED, communication port LEDs, and communication ports.  
The panel is covered by the module door. 

Figure 18-2 provides a detailed view of the expansion LAN switch front panel. 
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Figure 18-2  Expansion LAN Switch – Front Panel 
 

The ACE3600 expansion LAN switch is configured to prioritize different Ethernet data frame 
types.  A special EMI protocol, used for communication between the expansion LAN switch 
and the main CPU, quickly collects I/O information from the expansion frames to the main 
CPU and adds the highest priority and special tags to these Ethernet frames.  The switch 
recognizes these frames and gives them the highest priority in the buffer queue, higher than the 
frames of the standard protocols (MDLC, TCP/IP) used for communication in the ACE3600 
system.  For this reason, only the ACE3600 expansion LAN switch can be used in an I/O 
expansion system.   

 

When an expansion LAN switch is used on an I/O expansion LAN, only the main 
CPU and the expansion frames (expansion modules) can be connected to the 
expansion switch(es). Any attempt to connect other devices to the expansion 
switch(es) may result in unpredictable communication delays between the main CPU 
and the expansion frames and malfunction of the expanded RTU. 

Front Panel 

Communication Ports 
The expansion LAN switch includes eight 100BaseT Ethernet communication ports. 
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LEDs 
The expansion LAN switch includes an error LED and communication port status.  All of the 
LEDs are single color.  

Table 18-1 details the LEDs functionality. 

Inserting/Removing an Expansion LAN Switch from the Frame 
The expansion LAN switch supports hot-swap and can be inserted and extracted while the 
system is powered up.  For instructions on removing/inserting a switch from/into a frame, see 
the Replacing an I/O Module or Expansion LAN Switch section of the Break-Fix Procedures 
chapter below. 

Note that removing the LAN switch disconnects all I/O modules in the expansion frames 
connected by LAN.  If the expansion frame is disconnected from the main frame for a 
(configurable) period of time, the expansion module will restart and try to find the main CPU 
again. 

Switch Status and Diagnostics 
LAN switch status and diagnostics information can be retrieved via the main CPU using the 
STS Hardware Test utility.  For more details, see the Hardware Test section of the ACE3600 
STS User Guide. 

Switch Warnings and Errors 
LAN switch warnings and errors are logged in the main frame CPU memory.  The RTU error 
logger information can be retrieved using the STS Error Logger utility.  For more details, see 
the Error Logger section of the ACE3600 STS User Guide. 

Connecting the Expansion LAN Switch to the Main CPU 
Install the expansion in either of the first two I/O module slots in the main frame.   

The expansion LAN switch option includes a 0.6 meter Ethernet cable (Motorola p/n 
FKN8561A).  Use this cable to connect from the Eth1 port on the main CPU to the Eth1 (M) 
port on the expansion switch.  For the second switch in a system (if such exists), use this cable 
to connect from the Eth2 port on first switch to the Eth1 (M) port on the second switch. 

Connecting the Expansion LAN Switch to I/O Expansion Frames 
Use one of the following Ethernet cables to connect an Ethernet port on the expansion LAN 
switch to an expansion module in an expansion frame.  If the system includes one switch (for 
up to seven frames), ports Eth2-Eth8 are available.  If the system includes two switches (for up 
to thirteen frames), ports Eth3-Eth8 are available on the first switch and ports Eth2-Eth8 are 
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available on the second switch.  Note: The Eth.1 (M) port on the expansion LAN switch is 
reserved for connection to the main CPU. 

Choose the cable length based on the distance from the main frame to the expansion frame. 

 0.6 meter (Motorola p/n FKN8561A) - This cable is used for local connection of the 
main CPU to the expansion switch, or connection of the first LAN switch to the 
second, if such exists. 

 2 meter (Motorola p/n FKN8562A) 

 3 meter (Motorola p/n FKN8563A) 

 

The main CPU must be connected to the Eth1 (M) port only.  If an additional switch is 
used, the Eth2 port on first switch should be connected to the Eth1 (M) port on the 
second switch.   

No devices or equipment other than the main CPU or expansion modules may be 
connected to the expansion LAN switch ports. 

In systems with several expansion frames, the ACE3600 STS can be used to provide automatic 
switch connection configuration.  The following physical connections are assumed: 

 A system with one expansion frame is connected directly to the main CPU. 

 A system with 1-7 frames (frame IDs 1-7) is connected via one switch (to expansion 
LAN switch ports Eth2-Eth8 respectively.)   

 A system with 1-13 frames is connected via two switches (frame IDs 1-6 connected to 
expansion LAN switch 1 ports Eth3-Eth8 respectively and frame IDs 7-13 connected 
to expansion LAN switch 2 ports Eth2-Eth8 respectively.) 

If the expansion frames are not physically connected as described above, the switch connection 
must be manually configured in the STS Switch Connections dialog.  For more information, 
see the ACE3600 STS User Guide.    
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Expansion LAN Switch LEDs Behavior 
The table below describes the behavior of the LEDs on the expansion LAN switch.  

Table 18-1 ACE3600 Expansion LAN Switch LEDs Behavior 
 

LED Name Description Status 

ERR Error Logger Status LED 

Red LED  

OFF – No new errors or warnings. 

Red – New error logged – Either the switch 
could not configure itself on startup or it has 
lost communication with the main CPU 
module. 

Flashing – FPGA is being loaded into the 
switch. 

E[1-8] 
L/RX 

Ethernet Port [1-8] – Link/RX 
(receive)  

Green LED 

Flashing – Link is up and Receiving Data. 

ON – Link is up. 

E[1-8] TX Ethernet Port [1-8] – TX 
(transmit)  

Green LED 

Flashing or ON – Transmitting Data 

E[1-8] SPD Ethernet Port [1-8] – Speed 

Green LED 

ON – 100MBase-T Ethernet link is up (when 
L/RX is active). 

OFF – 10MBase-T Ethernet link is up (when 
L/RX is active) or no link (when L/RX is not 
lit). 

Note: If the speed is not 100M, the system 
will not perform properly- frames may be lost 
and the RTU components may not be 
synchronized. 
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Expansion LAN Switch 

18-6 

Expansion LAN Switch Specifications 

Ethernet Port 1-8 8 on board 10/100 Mb/s Ethernet ports (Auto crossover) 

LEDs Display Error LED, Port status LEDs  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Module Replacement Hot swap replacement – module extraction/insertion under voltage  

Operating Voltage 
(from the motherboard 
connector) 

10.8-16 V DC, 
3.30 VDC +/-10% 

User Connection 
(Ethernet Ports) 

8 shielded RJ45 connectors 

LAN Cable Category 5E shielded (FTP), up to 50 meter 

Dimensions 37 mm W x 225 mm H  x 180 mm D (1.5" W x 8.7" H x  7.1" D) 

Weight Approx. 0.32 Kg  (0.7 Lb)  

 

Specifications subject to change without notice. 
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EXPANSION POWER SUPPLY MODULE 

General Description/Module Overview 
The expansion power supply module (10.8-16V DC) extends power from the power supply on 
the RTU’s main frame to the I/O expansion frame, or from one I/O expansion frame to another.  
This module is installed in each I/O expansion frame.   

Characteristics of the expansion power supply module: 

 Located on the leftmost slot of the frame 

 Overvoltage protection for the I/O expansion frame 

Figure 19-1 below depicts a general view of the power supply.  

Power In10.8-16VDC

Expansion Power Out

     

Figure 19-1 ACE3600 Expansion Power Supply – General View 
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Figure 19-2 below depicts a detailed view of the power supply front panel.  

Power In
10.8-16

VDC

Expansion 
Power Out

DC Main Power Input

Power Output to 
other Expansion units

 

Figure 19-2 ACE3600 Expansion Power Supply – Front Panel 
 

Input/Output Connectors 
The front panel of the expansion power supply includes the following connectors.   

Connector Name Description Notes 
Expansion Power 
Output 

DC Power Output  

Vin=Vout 
Shorted to Power IN. 

10.8-16V DC 

This output is used for 
powering other I/O expansion 
frames.  

It also controls a dedicated 12V 
DO power line that is available 
to all the slots in the frame to 
power the relay coils. See the 
Notes below. 
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Connector Name Description Notes 
Power In 10.8-16V DC  Cable inlet for main power cable 

(DC) 
Connect this input to the 
"RACK EXP" output of a 
regular power supply or to the 
"Expansion power out" of an 
expansion power supply, using 
a dedicated cable - FKN8559A 
(3002360C26.) 

Important: When adding 
expansion power supplies, make 
sure that you do not exceed the 
total power limit of the main 
power supply, as all connected 
expansion power supplies drain 
energy from it.  Also make sure 
that the power provided to each 
power supply (when connected 
in a daisy-chain manner) does 
not fall below the minimum 
operating voltage. 

It also controls a dedicated 12V 
DO power line that is available 
to all the slots in the frame to 
power the relay coils. 

The expansion power supply 
may be attached via DC cable to 
the power supply on the 
previous I/O expansion frame in 
a daisy-chain manner, or 
directly to the main power 
supply. In this case, the 12V 
DO control on the main power 
supply can control all DO EE 
relays in the entire RTU that 
were configured by dip switch 
for 12V DO.  This enables the 
user to inhibit all DO EE relays 
in the entire RTU simply by 
removing the plug from the 12V 
DO control in the main power 
supply. 
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Module Status and Diagnostics 
Detailed module status and diagnostics information can be retrieved via the main CPU using 
the STS Hardware Test utility.  For more details, see the Hardware Test section of the 
ACE3600 STS User Guide. 

Module Warnings and Errors 
Power supply module warnings and errors are logged in the main frame CPU memory.  The 
RTU error logger information can be retrieved using the STS Error Logger utility.  For more 
details, see the Error Logger section of the ACE3600 STS User Guide. 

Connecting the Expansion Power Supply to the Main Frame Power 
Supply 

The expansion power supply can only be connected to the power supply on the ACE3600 RTU 
main frame and to other expansion power supply modules.  

For instructions on connecting the expansion power supply, see the Connecting the Expansion 
Power Supply to the Main Frame Power Supply section of the Installation chapter above. 

If all the power supplies on I/O expansion frames are attached via DC cable to the power 
supply on the previous I/O expansion frame in a daisy-chain manner, the main power supply 
controls the entire RTU.  This enables the user to turn off the entire RTU simply by turning off 
the main power supply. 

If the main power supply does not control all other power supplies in the RTU (e.g. when the 
total power consumption required does not allow all frames to be daisy chained), it is 
recommended that the main power provided to the power supplies be connected to a single 
external on/off power switch. 

 

All power and ground connections must be in accordance with local standards and 
laws. 

Connecting the Expansion Power Supply to Ground 
The power supply on each expansion frame must be connected to the grounding strip of its 
frame.  For important warnings on ground connections, see Connecting Power and Ground in 
the Installation chapter above. 

Connect the terminal ring on the (green/yellow) ground wire of the DC cable 
(FKN8559A/3002360C26) to the grounding strip located on the frame beneath the power 
supply slot.  Make sure to tighten the screw firmly.  See Figure 19-3 below. 
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DC Cable 
from other 
Power Supply 
3002360C26

 

Figure 19-3 ACE3600 Expansion Power Supply – Ground Connection 
 

For instructions on connecting the entire site to ground, see Connecting an RTU to Ground in 
the Installation chapter above. 

Expansion Power Supply Fuses 
The expansion power supply includes two slow blow fuses, one 4A fuse for overcurrent 
protection for the I/O expansion frame and one 8A fuse for maximum current via the Power 
in/out circuit.  See Figure 19-4.  For instructions on replacing these fuses, see the Break-Fix 
Procedures chapter later in this manual. 

4A Overcurrent 
Protection Fuse

8A Maximum 
Current Fuse

 

Figure 19-4 ACE3600 Expansion Power Supply – Fuses 
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Expansion Power Supply Module 

19-6 

Expansion Power Supply Module Specifications 

Input Voltage DC 10.8-16 V 

Outputs To Motherboard connector – +10.80 to +16.00 VDC, max. 4A 

To cascaded expansion power supply - +10.80 to +16.00 VDC, max. 8A 

Over Current 
Protection 

4.0 A (Slow blow fuse), protecting the expansion frame 

8.0 A (Slow blow fuse), protecting the cascaded expansion power supply 

Maximum Current 
via Power IN/OUT 
circuit 

8.0 A (Slow blow fuse) 

Over Voltage 
Protection  

+17.00 ±1 VDC  (protecting the expansion frame) 

Absolute Maximum 
Voltage 

+18.00 VDC 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x  7.1" D)  

Weight Approx. 0.43Kg  (0.94 Lb)  
  

Specifications subject to change without notice. 
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ACE IP GATEWAY MODULE 

General Description 
The ACE IP Gateway module (CPU4600) is a Front End Processor (FEP) which enables 
SCADA control centers to communicate and interface with ACE3600 RTUs and legacy 
(MOSCAD-M, MOSCAD, and MOSCAD-L) RTUs in a control system.  It acts as an interface 
between the MDLC world and the TCP/IP world.   

The ACE IP Gateway (IPGW) supports MDLC connection to multiple RTUs (ACE3600 and 
legacy MOSCAD RTUs) via terminal server ports from multiple SCADA clients.  

Data exchange between the SCADA (client) and the ACE IPGW (server) is carried out using 
“peer -to-peer” communication over a LAN.  SCADA clients can be located on the same 
TCP/IP segment (location), connected directly to the ACE IPGW, or on different TCP/IP 
segments (locations), connected to the ACE IPGW via a WAN or a bridge device. 

The ACE IP Gateway, like all ACE3600 RTUs supports NTP time synchronization, both as 
client and as server, encryption, and dynamic IP conversion table update at run time. The 
Gateway supports all ACE3600 RTU data types. 

The ACE IP Gateway does not run a user application and does not support I/O modules. 

Like the legacy MOSCAD IP Gateway, the ACE IP Gateway supports redundancy.  The 
primary and secondary ACE IPGWs share the same site ID.  The primary ACE IPGW enables 
bi-directional transfer of both SCADA application messages and Gateway management 
messages.  The secondary ACE3600 IPGW enables transferring of Gateway management 
messages only.  (It does not send or receive any MDLC messages and is logically disconnected 
from the link.) 

For general information on using the ACE IPGW module, see the ACE IP Gateway section of 
the ACE3600 STS Advanced Features manual.  For instructions on configuring the ACE 
IPGW module, see the ACE3600 STS User Guide.  For information on the ACE IPGW 
Application Programming Interface (API) used by SCADA driver developers to build the 
TCP/IP and Ethernet-based ACE IPGW Interface, see the ACE IP Gateway API User Manual. 

The ACE IPGW module can be installed on any of the existing ACE3600 chassis options 
including 19" rack configuration. 

Figure 20-1 provides a general view of the ACE IP Gateway Module. 
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Figure 20-1  ACE IP Gateway Module– General View 
 

The ACE IP Gateway front panel includes status LEDs, communication port LEDs, two 
pushbuttons, and communication ports.  The panel is covered by the module door. 

Figure 20-2 provides a detailed view of the ACE IP Gateway front panel. 

Pushbuttons
GW Status
LEDs

Port
LEDs

Serial 1
Serial 2

Plug-in 1*

Plug-in 2 *

Host USB 1,2 Type A 

Ethernet 1

Device USB 1 Type B  

*Optional

PWR

LNK1

LNK2
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Rx
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Rx

Tx

Rx

CM
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Figure 20-2  ACE IP Gateway Module – Front Panel 
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Front Panel 

Communication Ports 
The ACE IP Gateway module includes several communication ports:  

On Board ports: 

 USB Host 1/2 (HU1/HU2) - USB Type A host full speed ports for MDLC over IP 
communication via the MotoTrbo digital mode radio system (up to two radios 
attached to two USB host ports at one time)  No USB devices or USB Hubs other than 
MotoTrbo radios are permitted. 

 Serial 1  (SI1) – RS232/RS485 serial port (configurable)  

 Serial 2  (SI2) – RS232 serial port 

 Ethernet (Eth1) - 10/100BaseT Ethernet port  

 DU1 – USB device port, Type B connector (future option) 

Plug-in port bays, where different types of ports can be installed: 

 Plug-in 1  (PI1) – fits RS232, RS485, 10 MB Ethernet, 10/100 MB Ethernet, or Radio 
Modem Plug-in option 

 Plug-in 2 (PI2) – fits RS232, RS485, 10 MB Ethernet, or Radio Modem Plug-in port 
option. 

For the detailed specifications of each port, see ACE IP Gateway Module Specifications below.  
For information on the cables and connectors, see Appendix C. 

 

The ACE3600 Ethernet port performs an Auto-Negotiation procedure whenever a peer 
device connection is detected at a 10/100 Mbps Ethernet port.  The Auto-Negotiation 
procedure guarantees that the speeds of ACE3600 and peer Ethernet ports will match, 
whether or not the peer supports Auto-Negotiation.  If the peer supports Auto-
Negotiation, the duplex of ACE3600 and the peer Ethernet ports also match. 

It is recommended to configure the Ethernet port of the device connected to the 
ACE3600 Ethernet port (e.g. switch, etc.) to Auto-Negotiation mode.  This will 
guarantee a full match of speed and duplex between the ACE3600 and the peer device 
Ethernet ports.   If the peer device Ethernet port does not support Auto-Negotiation, 
set the duplex of the peer to half duplex to avoid the duplex mismatch problem. 
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Peer Ethernet Port Mode  
Auto 100 Mbs  

Full Duplex 
100 Mbs  

Half Duplex 
10 Mbs  

Full Duplex 
10 Mbs  

Half Duplex 
Speed Match 
with ACE3600      
Duplex Match 
with ACE3600      

 

Buzzer 
The ACE IP Gateway module includes a buzzer (audio indication), which is used to indicate 
task completion (such as end of download/upload, restart etc.)  

Pushbuttons 
The Gateway includes two pushbuttons on the front panel, PB1 and PB2.   

These pushbuttons are used for activating and testing the modules LED, restarting the unit, 
erasing the user Flash memory and activating memory test.  Table 20-2 describes the 
pushbuttons functionality. 

LEDs 
The Gateway includes Gateway CPU status LEDs, and port status LEDs.  Some of the LEDs 
are single color (green) and some are bicolor LEDs (red, green or orange).  

Status LEDS indicate the Gateway CPU status in startup (boot), run-time or when there is a 
failure. The communication LEDs are used to indicate the communication port status. Note that 
during startup or failure, the communication LEDs are used to indicate various situations. 
Table 20-4 details the LEDs functionality. 

Gateway CPU Memory 
The Gateway CPU includes Flash, and SDRAM.     

The Flash stores the firmware and configuration files.   

The SDRAM memory stores the temporary data. 

The size of the ACE IP Gateway CPU memory is determined by the model as shown in the 
table below. 

Table 20-1 ACE IP Gateway CPU Memory 
 

 ACE IP 
Gateway 

Flash memory  32 MB 

SDRAM memory:  128 MB 

User Flash:  19 MB 
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Real Time Clock (RTC)  
The CPU includes a low drift RTC.  The date and time are retained using an on-board 
rechargeable lithium battery.   

The CPU date and time can be set using the ACE3600 STS.  The CPU can also be 
synchronized with other RTUs in the system, using the system clock.  For more information, 
see the Setting/Getting a Site’s Date and Time section of the ACE3600 STS User Guide. 

Backup Battery for RTC 
The CPU module includes a rechargeable lithium battery that provides backup power and data 
retention for the RTC.  

The lithium battery is located on the CPU board and cannot be replaced. 

Typically, the battery will retain the RTC for 60 continuous days without power and no Lead-
Acid backup battery.   

ACE IP Gateway Firmware and Operation Modes 
The ACE IP Gateway firmware is a real-time multitasking operating system, based on the 
Wind River VxWorks OS.  The GW shipped from the factory with the most recent firmware 
version, and it can be updated/replaced using a remote or local connection.  Downloading 
firmware updates is performed using the STS.  (See Downloading to a Site in the ACE3600 
STS manual.)  If the new firmware download stops or fails, the GW will restart with the 
existing firmware. 
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Power-up and Restart 
The CPU requires DC voltage provided by the power supply module via the motherboard 
(when the PS switch is ON).  The CPU will power-up and restart in the range of 10.8V to 16V 
DC.  During power-up, the processor performs fast memory tests, and initiates the GW.  The 
end of the power-up sequence is indicated by the buzzer.  The length of time from the 
beginning of CPU power-up until the GW starts running is approximately 10-15 seconds.  

It is possible to perform a comprehensive memory test during power-up by pressing push-
button PB1 for few seconds while switching the power supply from OFF to ON. In this case 
the power-up period is about 30-35 seconds long. 

If the startup fails, the RTU will freeze (boot sequence stops), the PWR LED will blink and the 
four indicator LEDs (see LEDs Location in Table 20-3) will blink seven times.  The four LEDs 
will then display the failure error in binary code, as described in Table 20-3.   

When the unit is shipped from the factory, it will start up initially (before site configuration 
download), as a Primary Gateway in Standalone mode, even in systems with redundant 
Gateways. 

Restart after Firmware Download 
The RTU will restart after downloading system firmware.  If the firmware is faulty or the 
firmware download failed, the RTU, if protected by the Safe Firmware Download feature, will 
restart and roll back to the previous firmware version.  A failure message will appear in the 
STS Downloader screen.  For information on using the Safe Firmware Download feature, see 
the Safe Firmware Download section of the ACE3600 STS Advanced Features manual. 

Restart after Configuration Download 
The RTU will restart after downloading a site configuration.  For information on downloading 
to the RTU, see the Operation chapter of the ACE3600 STS User Guide. 

If the RTU fails to restart after the user-defined site configuration was downloaded, a unique 
LED display (in the range of the PI1-TX and SI2-RX LEDs) and a series of buzzer tones will 
follow.  The RST LED will turn RED and the RTU will restart itself with the previous “good” 
configuration.  The following message will appear in the RTU Error Logger “Configuration 
file was deleted due to failure in startup. Rolling back to the last configuration file”.  Errors can 
be retrieved from the RTU using the ACE3600 STS Error Logger utility.   

If the startup succeeds after configuration download but has errors, these errors are reported in 
the RTU Error Logger.  It is, therefore, recommended to check for errors after downloading a 
configuration file to the RTU.  Errors can be retrieved from the RTU using the ACE3600 STS 
Error Logger utility.   

For information on retrieving errors from the RTU Error Logger, see the Operation chapter of 
the ACE3600 STS User Guide. 

In a system with redundant Gateways, one unit is set to startup mode Redundant GW1 (in the 
site configuration) and the other unit which is set to Redundant GW2.  After startup, both will 
act as Secondary Gateways until the SCADA designates one as Primary and the other as 
Secondary.  For information on the setting the startup mode, see the Operation chapter of the 
ACE3600 STS User Guide.  For information on ACE IPGW redundancy, see the ACE IP 
Gateway section of the ACE3600 STS Advanced Features manual. 
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Restart after Erase Flash 
After the User Flash is erased, the RTU will restart successfully with the default site 
configuration.   

Power-down 
When the voltage provided to the CPU module drops below the minimum level, the CPU will 
shut down in an orderly fashion.  This level is configurable for all power supply modules other 
than the 12V DC power supply low-tier.  See the ‘Minimum DC operation voltage’ parameter 
in Appendix A: Site Configuration Parameters of the ACE3600 STS User Guide. 

ACE IP Gateway Status and Diagnostics 
The ACE IP Gateway status is indicated on the front panel LED.  Detailed CPU status and 
diagnostics information can be retrieved from the module using the CPU Hardware Test utility.  
For more details, see the Hardware Test section of the ACE3600 STS User Guide. 

ACE IP Gateway Warnings and Errors 
ACE IP Gateway warnings and errors are logged in the CPU memory to indicate issues or 
errors during power-up, restart, and other modes of CPU operation.  The existence of CPU 
warnings and errors are indicated in the ERR LED on the front panel of the module.  Green 
indicates a message, orange indicates a warning and red indicates an error.     

The CPU error logger information can be retrieved using the STS Error Logger utility.  For 
more details, see the Error Logger section of the ACE3600 STS User Guide. 

ACE IP Gateway Serial Number 
Each IPGW has a unique serial number. This number is printed on a label on the side of the 
GW module front panel.  The serial number can be read using the STS Hardware.  For more 
information, see the Hardware Test section of the ACE3600 STS User Guide. 
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Pushbutton Functionality 
The table below describes the use of the two pushbuttons in various scenarios, during power-up 
and run-time.  To press a pushbutton during startup, first press the pushbutton(s), then turn on 
the RTU using the On/Off switch on the front panel.  Keep the pushbutton(s) depressed for the 
required number of seconds, as specified in the scenarios below. 

Table 20-2 ACE IP GW Pushbutton Functionality 
 

Scenario Trigger Action  

LEDs Test During run-time, press PB1 
for five or more consecutive 
seconds (but less than 30).   

All the LEDS on the GW will be lit until 
let go of PB1 and then returned to their 
previous states. 

RTU Restart During run-time, press PB1 
for 30 consecutive seconds. 

All the LEDs will be lit. Then all the LEDs 
will blink once. 

The buzzer will buzz several short beeps.  
(If PB1 is released during this time the 
restart will not be performed.) 

At the long beep, release PB1 and the RTU 
will restart (and the buzzer will buzz.) 

Turn LEDs ON During run-time, press PB1 
for one second. 

Those LEDs which are currently active 
will be turned on for a period of time 
(configured in the RTU configuration 
using the STS.)  

RAM Test During startup, press PB1.  A detailed memory test of SDRAM is 
performed. 

- At the beginning of the RAM test, the 
four indicator LEDs (see LEDs Location in 
Table 20-3) will blink three times.  During 
the RAM test, the LEDs may blink or be 
lit. 

If the RAM test succeeds, the four LEDs 
will blink three times and turn off and the 
restart sequence will continue.  

If the RAM test fails, the RTU will freeze 
(restart sequence stops), the PWR LED 
will blink and the four LEDs will blink 
seven times.  The failure error code will 
then be displayed on the LEDs, in binary 
code, as described in Table 20-3. 

- To exit/abort the RAM test in the middle, 
restart the RTU using the On/Off switch on 
the front panel. 
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Scenario Trigger Action  

Erase User 
Flash 

During startup, press both 
PB1 and PB2 simultaneously 
until the buzzer buzzes five 
times quickly, then 
continuously for three 
seconds.  

All the user Flash memory content 
excluding logging files (files tagged as 
data logging files) is erased, including the 
site configuration, etc. 

Bootstrap During startup, press PB2 
continuously for five 
seconds. 

Note: Before initiating 
bootstrap, the CPU must be 
connected directly to the 
STS PC in standalone mode.  
No other components can be 
on the network which might 
create a conflict with the 
default IP address. 

The RTU will start up in diagnostic mode.  
Communication with the RTU is for 
diagnostic purposes only (Error Logger/ 
SW Diagnostics.)  You cannot download to 
the RTU. 

If the bootstrap fails, the four indicator 
LEDs (see LEDs Location in Table 20-3) 
will display the failure error in binary 
code, as described in Table 20-3. 

 

Table 20-3 ACE IP GW Failure – Error Code Display on LEDs 
 

LEDs Location LED Error Code Description  

ERR Code 1

 

ERR Code 1 = Error in Flash 

ERR Code 2

 

ERR Code 2 = Error in SDRAM 

ERR Code 4

 

ERR Code 4 = Unable to boot.  
                        Corrupted bootstrap. 

Ethernet LEDs
in CPU4600

 
On the ACE IP 
GW, the four LEDs 
begin with the 
group marked E1, 
as above.  

ERR Code 6

 
 

ERR Code 6 = Low voltage under 12V 

 

Where OFF LED = ‘0’;   
           ON   LED = ‘1’  (very fast blink, almost 
           continuous);  
The highest LED is the most significant. 
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ACE IP Gateway LEDs Behavior 
The table below describes the behavior of the LEDs on the ACE IP Gateway module.  

Table 20-4 ACE IP Gateway LEDs Behavior 
 

LED Name Description Status 

PWR Power LED  

Bicolor LED (Red, Green) 

Flashing Red – Power exists; CPU FPGA not 
loaded. 

Green – Power exists; CPU is running from a 
recognized power supply (one of the six 
power supply options.) 

Red – Failure on power-up. CPU is running 
from an unrecognized power supply. 

ERR Error Logger Status LED 

Bicolor LED (Red, Green) 

OFF – No new errors or warnings. 

Green – New message logged. 

Orange – New warning logged.  

Red – New error logged. 

RST Reset LED  

Bicolor LED (Red, Green) 

Green – On startup 

OFF – Successful power-up or restart. 

Red – Power-up or restart failed. 

CONF Configuration LED 

Bicolor LED (Red, Green) 

OFF – Configuration was not loaded. 

Green – Configuration was loaded. 

Red – Configuration error. 

H1 LNK1 USB Host1 LNK (link) 

Green LED 

ON – A USB device is connected. 

OFF – No link exists between the CPU and 
           the device. 

H1 LNK2 USB Host2 LNK (link) 

Green LED 

ON – A USB device is connected. 

OFF – No link exists between the GW and 
           the device. 

PI1 TX Plug-in Port 1 – TX 
(transmit)  

Green LED 

ON- Transmitting Data 

PI1 RX Plug-in Port 1– RX (receive) 

Green LED 

ON – Receiving Data 
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LED Name Description Status 

PI1 CM Plug-in Port 1 – CM (channel 
monitor) 

Green LED 

ON – Channel Busy (if port is in use by radio, 
          RS485, or RS232) 
       – Network Connected (if an IP plug-in is 
          used) 

SI1 TX Serial Port 1 – TX (transmit) 

Green LED 

ON – Transmitting Data 

SI1 RX Serial Port 1 – RX (receive) 

Green LED 

ON – Receiving Data 

SI1 CM Serial Port 1 – CM (channel 
monitor) 

Green LED 

ON – Channel Monitor is ON. 

S2 TX Serial Port 2 – TX (transmit) 

Green LED 

ON – Transmitting Data 

S2 RX Serial Port 2 – RX (receive) 

Green LED 

ON – Receiving Data 

S2 CM Serial Port 2 – CM (channel 
monitor) 

Green LED 

ON – Channel Monitor is ON 

E1 LNK Ethernet Port 1 (link)  

Green LED 

ON – Network Connected 

In case of RAM test and startup failure, see 
Table 20-2 and Table 20-3. 

E1 RX Ethernet Port 1 (receive)  

Green LED 

ON – Receiving Data 

In case of RAM test and startup failure, see 
Table 20-2 and Table 20-3. 

PI2 TX Plug-in Port 2 – TX 
(transmit) 

Green LED 

ON – Transmitting Data 

PI2 RX Plug-in Port 2 – RX (receive) 

Green LED 

ON – Receiving Data 

PI2 CM Plug-in Port 2 – CM (channel 
monitor) 

Green LED 

ON – Channel Busy (if port is in use by radio, 
          RS485, or RS232) 
       – Network Connected (if an IP plug-in is 
          used) 

D1 RX For future use For future use 
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ACE IP Gateway Module 

20-12 

ACE IP Gateway Module Specifications 

Microprocessor Freescale – Power PC II MPC8270, 32-bit, extended communication capability, 
DMA and floating point calculation support 

Microprocessor 
Clock 

200 MHz 

Memory Flash: 32 MB 
SDRAM: 128 MB 

Real-Time Clock Full calendar with leap year support (year, month, day, hours, minutes, seconds). 
Time drift: max. 2.5 Seconds per day (when power is on) 

RTC Retention  3 V Rechargeable lithium backup battery 

Serial Port 1 Configurable RS232 or RS485 port: 
 - RS232: Asynch, Full Flow Control, up to 230.4 kb/s, GPS receiver interface 
 - RS485, multi-drop 2-Wire up to 230.4 kb/s  

Serial Port 2 RS232, Asynch, Full Flow Control, up to 230.4 kb/s, GPS receiver interface 

Plug-In Port 1 Supports the following plug-in ports: 
- Radio Modem, DPSK 1.2 kb/s, FSK 1.2/1.8/2.4 kb/s,   DFM 2.4/3.6/4.8 kb/s  
- RS232, Sync/Asynch, Full Flow Control, up to 230.4 kb/s,   
    GPS receiver interface 
- RS485, multi-drop 2-Wire up to 230.4 kb/s 
- Ethernet 10/100 Mb/s 

Plug-In Port 2 Supports the following plug-in ports: 

- Radio Modem, DPSK 1.2 kb/s, FSK 1.2/1.8/2.4 kb/s,  
    DFM 2.4/3.6/4.8 kb/s  
- RS232, Sync/Asynch, Full Flow Control, up to 230.4 kb/s,  
    GPS receiver interface 
- RS485, multi-drop 2-Wire up to 230.4 kb/s 
- Ethernet 10 Mb/s 

USB Host Port 1, 2 Type A host full speed 12 Mbs ports (HU1 on left and HU2 on right) for MDLC 
over IP communication via the MotoTrbo digital mode radio system  

USB Device Port 1 USB Device port (for future use)  

LEDs Display 4 CPU diagnostic LEDs and Port status LEDs  

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Operating Voltage 10.8-16 V DC (from the motherboard connector) 

Dimensions 56 mm W x 225 mm H x 180 mm D (2.2" W x 8.7" H x 7.1" D)  

Weight Approx. 0.38 Kg  (0.84 Lb) 
Specifications subject to change without notice. 
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RADIO TYPES AND INSTALLATION KITS 

ACE3600 Radio Types 

 

In order to prevent overheating of the radio and degradation of radio 
performance, the radio should not exceed operating duty factors of 30% 
transmission and 70% receive mode. 

Note that the operating temperature range of ACE3600 RTU models that 
include a radio is from -30 ºC to +60 ºC (-22 ºF to +140 ºF).  (The operating 
temperature range of the ACE3600 RTU models without a radio is from -40 
ºC to +70 ºC (-40 ºF to +158 ºF)).   

The ACE3600 RTU supports conventional, analog trunked radios and digital trunked radios.  It 
also supports data radios and various wireless modems.  Conventional and analog trunked 
radios are connected to a plug-in radio modem port.  Digital trunked radios and wireless 
modems are connected to an RS232 port.  For information on configuring CPU ports for 
various radios/modems, see the ACE3600 STS User Guide.  For information on IP 
communications over such modems, see the ACE3600 STS Advanced Features manual. 

The following conventional/trunked mobile analog and digital radios and conventional portable 
analog and digital radios can be used with the ACE3600 RTU:  

 Analog Motorola 
Radios 

Digital Motorola 
Radios 

Third Party Radios 

Trunked XTL5000*/XTL2500 XTL5000/XTL2500   

  XTS2500  

  MTM800  

CM200/CM140/EM200/ 
GM3188 

 MDS 9810/MDS 4710/ 
MDS 9710 

GP320/GP328/HT750/ 
PRO5150 

 TransNET 900™** 
OEM 

Conventional 

CDM750  iNET 900™ 

MotoTrbo  XPR4350/XPR4380/ 
DM3400/ XiR 
M8220/DGM4100 

 

                                                      
* XTL5000 Radio with O5 Control Head is not available. 

** TransNET 900 and iNET 900 are trademarks of GE MDS. 
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For complete radio specifications such as modulations, standards, Tx power output, Rx 
sensitivity, supply voltage, and power consumption, see the specific radio owner’s manual.  
Please note that third party radios are not provided with the RTUs. 

The following table lists all the ACE3600 models that include radios. 

Conventional VHF Radio ACE3600 Model 

ACE3600 for CM200/CM140/EM200/GM3188 VHF F7573A 

ACE3600 with CDM750 136-174 MHz F7563A 

ACE3600 for HT750/GP320/GP328 /PRO5150 VHF F7553A 

Conventional UHF Radio  

ACE3600 for CM200/CM140/EM200/GM3188 UHF F7574A 

ACE3600 with CDM750 403-512 MHz F7564A 

ACE3600 for HT750/GP320/GP328 /PRO5150 UHF F7554A 

Trunked VHF Radio  

ACE3600 with XTL2500 136-174 MHz Analog F7533A 

ACE3600 with XTL2500 136-174 MHz Digital F7593A 

ACE3600 with XTS2500 136-174 MHz  Digital  F7543A 

Trunked UHF Radio  

ACE3600 with XTL2500 380-520 MHz Analog F7534A 

ACE3600 with XTL2500 380-520 MHz Digital F7594A 

ACE3600 with XTS2500 380-520 MHz Digital  F7544A 

Trunked 800MHz Radio  

ACE3600 with XTL2500 800MHz Analog F7538A 

ACE3600 with XTL2500 800MHz Digital F7598A 

ACE3600 with XTS2500 800 MHz Digital F7548A 

MotoTrbo Digital* Mobile Radio  

ACE3600 for XPR4350/DM3400/XiR M8220/DGM4100 VHF F7583A 

ACE3600 for XPR4350/DM3400/XiR M8220/DGM4100 UHF F7584A 

ACE3600 for XPR4380 800/900 MHZ  F7588A 
 

For a list of the radio models and regional options for the CM/EM/GM radios, see CM/EM/GM 
Radio Models and Regional Options for ACE3600 below. For a list of the radio models and 
regional options for the GP/HT/PRO radios, see GP/HT/PRO Radio Models and Regional 

                                                      
* Note that the MotoTurbo radios can work as conventional analog radios or as digital radios. ACE3600 
supports the digital mode only. 
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Options for ACE3600 below.  For a list of the regional options for the MotoTrb radios, see 
XPR4350/XPR4380/DM3400/XiR M8220/DGM4100 Options for ACE3600 below. 

IMPORTANT: Only model F7509A and all its options, including radio installation kits, may 
be shipped to European Union (EU) countries.  The installer must confirm that there are no 
emissions or harmful interference to the spectrum due integrating the radio into this model.  

The radios in the models listed in the table above are installed on the RTU using the 
installation radio kits described below. 
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Radio Installation Kits 
The following radio installation kits enable the user to install a radio in the ACE3600 RTU. 

     Option/Kit  

CDM750 V143AH/ 
FLN3638A 

NA EMEA APAC LA  

Analog 
Conventional 
Mobile Radios 

CM200 CM140 GM3188 EM200 V148AC/ 
FLN3635A 

MDS 9810, MDS 4710, MDS 9710 V152AK/ 
FLN3853A 

TransNET 900 OEM VA00225AA/ 
FLN3852A 

Digital 
Conventional 
Mobile Radios 

iNET 900 V680AH/ 
FLN3854A 

NA EMEA APAC LA  Conventional 
Portable Radios 

HT750 GP320 GP328 PRO5150 V154AE/ 
FLN3637A 

      

Analog Trunking 
Mobile Radios 

XTL5000/XTL2500 V157AB/ 
FLN3640A 

XTL5000/XTL2500 V681AT/ 
FLN3649A 

XTS2500 V156AG/ 
FLN3814A 

Digital Trunking 
Mobile Radios 

MTM800 FLN4109A 

NA EMEA APAC LA  MotoTrbo 
Mobile Radios 

XPR4350/ 
XPR4380 

DM3400 XiR 
M8220 

DGM4100 V682AF/ 
FLN4102A 

 

For instructions on mounting the radio on the ACE3600 frame, see the desired installation 
instructions below. 

For general instructions on mounting a radio on the wall, see Mounting the ACE3600 Radios 
on a Wall below. 

Note: A TORX screwdriver is required for the installation kits. 
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XTL5000/XTL2500 Radio Installation Kit 
The XTL5000/XTL2500 radio installation kit (ACE3600 option V681AT or V157AB) enables 
the user to install the XTL5000/XTL2500 radio in ACE3600 Remote Terminal Units (RTU).  
The ACE3600 can use the XTL5000/XTL2500 in two operation modes, depending on the 
system used. 

 Digital mode (ACE3600 option V681AT) - suitable for Astro 6.x/7.x system trunked 
ASTRO IV&D only  

 Analog mode (ACE3600 option V157AB) - suitable for SmartNet 3.x system or Astro 
4.x system (on the analog part only) 

The following hardware and firmware are required: 

 Radio firmware version 6.3E and above for digital trunked ASTRO IV&D.  (For 6.3E, 
HOST R04.51.01 DSP R04.50.00; for 6.5 HOST R05.00.00 and DSP R05.00.00)  

 Radio firmware version 6.5E and above for analog trunked system (DSP version 
R06.00.00 for radio firmware R06.01.00)   

 ASTRO Infrastructure version SR6.3 and above for trunked ASTRO IV&D 

 Smartnet version 3.x or Astro version 4.x for analog trunked system 

 ACE3600 firmware 10.00 and above  

 ACE3600 System Tools Suite (STS) version 10.50 and above 

The FLN3649A/FLN3640A installation kits include a bracket, cables, and screws. 

IMPORTANT: The XTL5000/XTL2500 radio control head must be radio option O5 for 
revolving power button control head. 

 

Installation 
The XTL5000/XTL2500 radio can be mounted on the ACE3600 RTU using the metal bracket 
and cables as follows: 

Procedure 21-1 How to Install the XTL5000/XTL2500 Radio on the Metal Chassis 

1. Attach the radio plug-in port from the installation kit (FLN3696A) to the desired opening 
on the ACE3600 CPU module.  For instructions on attaching plug-in ports, see 
Connecting Plug-In Ports to the CPU Module in the CPU Module chapter above. 

2. Attach the XTL5000/XTL2500 radio to the metal bracket (#0789422V41 from 
FHN6895A) using the four supplied radio screws (#0310906A67), two on each side.  
(See Figure 21-1.)  The wider side of the bracket should be on the right side of the radio 
(closer to the knobs.) 

3. Connect the 26-pin connector of the signal cable (FKN8432A for digital mode or 
FKN8438A for analog mode) to the Accessory connector on the radio.  In analog mode 
only, place one Fair-Rite soft ferrite (#7683477X01 from the supplied ferrite kit 
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FHN7007A) on the signal cable (FKN8438A) near the bottom of the CPU door, loop the 
cable one turn around it, and clamp the ferrite on the cable.   
Connect the other end of the communication cable to the ACE3600 CPU module port 
configured for the radio. (See Figure 21-2 and Figure 21-4.)  For digital mode use any of 
the serial on-board or plug-in ports.  For analog mode only the plug-in ports may be used.  
See RTU Port Configuration for the Astro IV&D Digital Radio and RTU Port 
Configuration for the Astro IV&D Analog Trunked Radio below. 

4. Connect the DC power cable (FKN8436A) to the Power connector on the radio and the 
free red wire to the ignition pin on the FKN8432A/FKN8438A cable.  Connect the 
opposite end of the power cable to the AUX2A or AUX2B connector on the ACE3600 
power supply unit.  (See Figure 21-2 and Figure 21-4.) 

 

 

               

XTL5000/ 
XTL2500 
Radio 

Radio 
Mounting 
Screws 
(#031096A67) 

 

Radio Mounting 
Screws 
(#0310906A67) 

Radio      
Bracket  
(#0789422V41)

Figure 21-1  XTL5000/XTL2500 Radio and Metal Bracket 
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Radio Antenna 
Connector  

Radio Power 
Connector 

Radio Accessory 
Connector                         

 

                 

Antenna Cable 
(FKN8437A)   

Power Cable   
(FKN8436A) 

 

Signal Cable 
(FKN8432A/ 
 FKN8438A) 

Figure 21-2  XTL5000/XTL2500 Radio Cable Connections- Rear View 
 

5. Mount the bracket on the RTU chassis above the CPU and I/O modules, using the four 
built-in screws.  (See Figure 21-4.)  The wider side of the bracket is attached to the 
chassis. 

6. Connect the antenna cable (FKN8437A) to the Antenna connector on the radio.  Run the 
cable through the small white clips along the edge of the chassis and attach the connector 
to the opening on the bottom of the ACE3600 RTU housing.  (See Figure 21-2 and 
Figure 21-4.) 

  

 

Bracket 
Mounting 
Screws  

Radio 
Bracket  
(#0789422V41) 

Figure 21-3  XTL5000/XTL2500 Radio Bracket with Four Bracket Mounting Screws 
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Radio  Radio 
Bracket  
(#0789422V41) 

Power 
Cable 
(FKN8436A) 

Radio Mounting 
Screws 
(#0310906A67) 

 
Antenna Cable 
(FKN8437A) 

Radio  

Signal 
Cable 
(FKN8432A/  
  FKN8438A) 

 

 
Power Supply CPU Antenna Cable  

N-Type Connector  
Figure 21-4  XTL5000/XTL2500 Radio Installed on ACE3600 Chassis 

 

RTU Port Configuration for the Astro IV&D Digital Radio 
To enable MDLC communication using Astro XTL5000/XTL2500 radios, use the ACE3600 
STS site configuration utility to configure the ACE3600 RTU port connected to the radio.  For 
more information, refer to the IP Communications chapter of the ACE3600 STS Advanced 
Features manual.   

The following figures show the port configuration and advanced parameter configuration.  
Although these show Port SI1, the same values can be applied to other ports, where relevant.  
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Port Type (for Astro IV&D Digital Radio) 
Procedure 21-2 How to Configure the ACE3600 Port for the Astro IV&D Digital Radio 

1. In the ACE3600 STS click on the desired site, and open the site view.   

2. In the Port Tab, click on the on-board or plug-in port through which the RTU will 
communicate with the XTL5000/XTL2500 radio.   

3. Confirm that the port parameters and data speed are as shown in the screen below. 

4. Define desired links. 

5. If you plan to synchronize the RTU time from the Front End Processor (FEP) in the 
Customer Enterprise Network (CEN), specify the IP address of the FEP in the NTP field.  
This IP address information is provided by your ASTRO IV&D system operator.  

6. Save the changes. 

 

Figure 21-5  RTU Site Configuration for MDLC over ASTRO IV&D – Port Type Parameters 
 

Advanced Parameter Configuration (for Astro IV&D Digital Radio) 

 

Figure 21-6  RTU Site Configuration for MDLC over ASTRO IV&D – Advanced Parameters 
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Generally no other changes are required to Advanced Physical or Link Layer parameters.  For 
information on these parameters, see the MDLC over IP chapter of the ACE3600 STS 
Advanced Features manual. 

Procedure 21-3 How to Configure the Advanced Parameters of the ACE3600 Port for the Astro 
IV&D Digital Radio 

1.  (ASTRO System 6.3-6.5 only) Make sure that the Advanced Link parameter 
Registration life time to 28800 seconds (default) in order to restart the radio periodically.   

2. If any changes are required, click on the appropriate screen in the Port Tab.   

3. Change the settings as necessary.  
Note:  The Default Group ID Address should be left 000.000.000.  The actual values will 
be read by the RTU from the radio upon connection.  

4. Save any changes. 

5. Save the project. 

6. Download the site configuration to the ACE3600 RTU. 

IP Conversion Table (for Astro IV&D Digital Radio) 
Prepare an IP conversion table if the RTU must communicate with another RTU or an IP 
Gateway.  In the IP conversion table, specify the IP address of each RTU port (site ID + link 
ID).  This IP address is assigned by the infrastructure operator. 

Note that an IP address is obtained from the radio once it is connected to the RTU port over 
PPP. The IP address obtained from the radio is not the real IP address set by the infrastructure, 
but rather a dummy address.  This dummy is configured in the radio via the CPS Mobile 
Computer IP address parameter (by default 192.168.128.2).   

When device LINxL level 0 is retrieved using the ACE3600 STS Software Diagnostics tool, 
the IP Address displayed is this dummy address and not the actual IP address assigned by the 
infrastructure operator.   

It is recommended to create two IP conversion tables:  

1. The first is downloaded to the FIU or IP Gateway on the LAN and includes the site and 
IP information for each RTU. 

2. The second is downloaded to all RTUs which are connected to the infrastructure with 
ASTRO IV&D radios, and includes the site and IP information for the FIU and IP 
Gateway. 

For detailed instructions on preparing the IP conversion table, refer to the IP Communications 
chapter of the ACE3600 STS Advanced Features manual. 

Radio Programming using CPS for the Astro IV&D Digital 
The XTL5000/XTL2500 radio is programmed for ACE3600 in the factory and is ready for 
ASTRO IV&D communication.  For user programming of site-specific parameters, the radio 
should be brought to the Motorola Service Center.   
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Radio Connections 
To program the XTL5000/XTL2500 radio with Customer Programming Software (CPS), the 
radio must be connected to a PC.   

Procedure 21-4 How to Connect the XTL5000/XTL2500 Radio to the CPS 

1. Connect one end of the programming cable (HKN6155) to the microphone connector on 
the front of the radio.  This cable is not supplied and must be ordered separately. 

2. Connect the other end to the serial port of a PC on which the ASTRO CPS software 
(RVN4185) is installed. 

Radio Disassembly 
If the XTL5000/XTL2500 radio is to be programmed outside of the ACE3600 housing, 
disassemble the radio as follows:  

Procedure 21-5 How to Disassemble the XTL5000/XTL2500 Radio from the ACE3600 Metal 
Chassis 

1. Disconnect the antenna cable (FKN8437A) from the Antenna connector on the radio. 

2. Remove the radio/bracket unit from the RTU chassis by unscrewing the four built-in 
screws. 

3. Disconnect the DC power cable (FKN8436A) from the Power connector on the radio. 

4. Disconnect the 26-pin connector of the signal cable (FKN8432A/FKN8438A) from the 
Accessory connector on the radio. 

5. Detach the metal bracket (#0789422V41 from FHN6895A) by unscrewing the four radio 
screws (#0310906A67), two on each side. (See Figure 21-1.) 

6. Take the radio to a laboratory for programming, as described in CPS Programming 
Settings below. 

CPS Programming Settings 
Before programming the radio, read the codeplug file from the radio and save it to your PC 
using the File >Read Device command in the CPS (R04.01.01 for radio firmware 6.3E; 
R05.00.00 for firmware 6.5).  Open the codeplug file in the CPS and set the parameters as 
follows. 

Procedure 21-6 How to Program the XTL5000/XTL2500 Digital Radio 

1. In the CPS, click on the codeplug in the tree view to view and select the items below or 
select them from the Feature menu. 

2. Under Radio Configuration, double-click on Radio Wide.  

a. In the Transmit Power Levels tab, reduce the radio power level to low: Change 
TX Power Level Low for Freq. Range A from 16.5 to 10. (Range A 700Mhz 
UHF and VHF). 

1) Change TX Power Level Low for Freq. Range B from 19.0 to 10. (Range B 
800Mhz and UHFR2 (470-520Mhz). 
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2) Change TX Power Level High for Freq. Range A from 33.0 to 15. 

3) Change TX Power Level High for Freq. Range B from 38.5 to 15. 

b. In the General tab, set the Out of Range Indicator and Imbalanced Coverage 
Indicator to Alert & Display. 

c. (Recommended) In the Data tab, enable SNMP Traps.  (You can disable it, but 
the RTU will only detect a loss of context activation the next time it polls the 
radio (every 10 seconds by default). 

d. (Optional) Specify the Mobile Computer IP address. This is the dummy IP 
address assigned to the RTU by the radio (by default it is 192.168.128.2).  For 
each radio, it is recommended to change the last digit in the Mobile Computer IP 
address (e.g. to the Unit ID in Trunking systems.)  

e. (CPS R05.00.00 only) In the Advanced tab, make sure that "MOSCAD Data 
Enable" is not enabled (not checked.)  (For IV&D only.  For communication over 
analog ASTRO Trunking, leave it enabled.)  Set Extended DEK to Enable and 
Ignition Switch to Soft Power Off. 

3. Double-click on NAT List -> NAT List Entry 1. 

a. Add an entry to the NAT List: 

1) WAN port =  MDLC over IP port number (e.g. 2002) 

2) LAN port = MDLC over IP port number (e.g. 2002) 

3) Static NAT IP Address = Mobile Computer IP Address (e.g. 192.168.128.2).  

4) The Mobile Computer address should match the Mobile Computer IP Address 
assigned on the Radio Configuration>Radio Wide>Data tab in Step 2 above. 

4. Double-click on Trunking ->Trunking System ->Trunking System 1. 

a. In the General tab, set the Type to ASTRO 25.  If the proper system key was 
loaded, the System Key field should already be enabled. 

b. Set the ASTRO 25 Home System ID, Home WACN ID and Unit ID to values 
obtained from the radio system administrator.  

c. Under Coverage Type, set the type to SmartZone. 

d. In the Astro 25 Channel ID tab, enable the first channel. 

e. In the 700/800 Astro 25 Control Channels tab (700_800 or OBT depending on 
the band), enter the control channels with which the data subscriber should be 
able to affiliate. Consult your radio system administrator for the list of control 
channels.  

f. In the Data tab, enable Packet Data Capable System (PDS), and Terminal Data 
and disable (uncheck) Rx Voice Interrupts Data. 

5. Double-click on Trunking ->Trunking Personality ->Trunking Personality 1. 
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a. In the General tab, set the Protocol Type to ASTRO 25 and set the System & ID 
to 1. 

b. In the 700/800 Failsoft tab, data only subscribers should set Failsoft Type to 
disabled.  (There is no data service unless the subscriber is affiliated to a wide-
area trunking site.) 

c. In the Talkgroup tab, set the radio talkgroup value in hexadecimal.  Consult your 
radio system administrator for the talkgroup information. 

d. (Recommended) In the Preferred Sites tab, set the status of the first record to 
None.  (This means that data only subscribers are not locked into preferred sites.) 

6. Double-click on Zone Channel Assignment ->Zone Channel Assignment. 

a. In the Zone tab, set the Zone to the desired zone name (e.g. ZONE1). 

b. In the Channels tab, set the Channel to the name which will be displayed on the 
radio screen (if the radio is Model II or III).  

c. Select the Personality type of that channel.  

d. Specify the Personality # of that channel. 

e. Specify the Talkgroup # of that channel. 

7. From the Tools menu, select the Change Control Head command.  Make sure the Control 
Head Type is set to O5(M5) for new models and to W4 for old models, and click OK.  

8. From the File Menu, select Save to save changes to the radio. 

9. From the File Menu, select Write Device to download the configuration to the radio. 

Infrastructure Configuration for the Astro IV&D Digital Radio 
In order for the ACE3600 RTU to communicate over the ASTRO IV&D infrastructure (6.4 or 
later) using the XTL5000/XTL2500 digital radio, the infrastructure must be properly 
configured using the UCM (User Configuration Manager) tool.  

Note: If configuring a border router or any firewall within the CEN (Customer Enterprise 
network), make sure that the ACE3600’s MDLC over IP UDP port number 2002 is enabled for 
inbound and outbound messages. 

Note: In the UCM Radio User Data Settings tab, be sure to set the IP address as Static, to 
enable Generate ICMP and Source Address Checking, and the Ready timer set to 10 seconds.  

 

RTU Port Configuration for the Astro IV&D Analog Trunked Radio 
To enable MDLC communication using Astro XTL5000/XTL2500 radios, use the ACE3600 
STS site configuration utility to configure the ACE3600 RTU port (either on-board serial or 
plug-in port) connected to the radio.  For more information, refer to the IP Communications 
chapter of the ACE3600 STS Advanced Features manual.    
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Port Type (for Analog Trunked Radio) 
Procedure 21-7 How to Configure the ACE3600 Port for the Astro IV&D Analog Radio 

1. In the ACE3600 STS click on the desired site, and open the site view.     

2. In the Port Tab, click on the plug-in port through which the RTU will communicate with 
the XTL5000/XTL2500 radio.   

3. Set the port parameters as shown in the screen below.  The Trunk system parameter 
should reflect the type of trunking system (e.g. SmartNet, SmartZone.) 

4. Save the changes. 

 

Figure 21-7  RTU Site Configuration for MDLC over Analog Trunked System – Port Type 
Parameters 

 

Programming the XTL5000/XTL2500 Analog Trunked Radio using CPS 
The XTL5000/XTL2500 radio is programmed for ACE3600 in the factory and is ready for 
analog trunked communication.  For user programming of site-specific parameters, the radio 
should be brought to the Motorola Service Center.   

Radio Connections 
Follow the Radio Connections instructions described under Radio Programming using CPS for 
the Astro IV&D Digital above.  

Radio Disassembly 
Follow the Radio Disassembly instructions described under Radio Programming using CPS for 
the Astro IV&D Digital above.   

CPS Programming Settings 
Before programming the radio, read the codeplug file from the radio and save it to your PC 
using the File >Read Device command in the CPS (DSP version R06.00.00 for radio firmware 
R06.01.00.)  Open the codeplug file in the CPS and set the parameters as follows. 

Procedure 21-8 How to Program the XTL5000/XTL2500 Analog Radio 

1. In the CPS, click on the codeplug in the tree view to view and select the items below or 
select them from the Feature menu. 

2. Under Radio Configuration, double-click on Radio Wide.  

a. In the Transmit Power Levels tab, reduce the radio power level to low: Change 
TX Power Level Low for Freq. Range A from 28.0 to 10.  

1) Change TX Power Level High for Freq. Range A from 53.5 to 15.  
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b. In the Advanced tab, make sure that "MOSCAD Data Enable" is enabled.  Set 
Extended DEK to Enable and Ignition Switch to Soft Power Off. 

c. In the Time Out Timer tab, make sure the Time # is set to 3 (for 60 sec).  

3. Double-click on Controls. 

a. Click on Control Head. 

b. Make sure the Control Head is O5(M5) for new models and W4 for old models. 

c. Click on Radio VIP.   

1) Set VIP In for VIP 1, VIP 2, and VIP 3 to Blank. 

2) Set VIP Out for VIP 1 to MOSCAD CG. 

3) Set VIP Out for VIP 2 to MOSCAD TXE/CM. 

4) Set VIP Out for VIP 3 to NULL. 

4. Double-click on Conventional ->Conventional Personality -> Conventional Personality 1. 

a. In the Rx Options tab, set Unmute/Mute Type to UnMute, Or Mute. 

b. Set Rx Voice/Signal Type to Non-Astro. 

c. Enable (check) Rx Emphasis and Busy LED. 

d. In the Tx Options tab, make sure that the Time Out Timer is set to 3 (for 60 sec). 

e. Set Tx Voice/Signal Type to Non-Astro. 

f. Set Transmit Power Level to High. 

5. Double-click on Trunking ->Trunking System ->Trunking System 1. 

a. In the General tab, if the proper system key was loaded, the System Key field 
should already be enabled. 

b. Set the Type to II. 

c. Set the Type II System ID, and Connect Tone to values obtained from the radio 
system administrator for the site. 

d. Under Coverage Type, set the type to Disabled. 

e. In the Type II tab, set the Individual ID to the value obtained from the radio 
system administrator for the site. 

f. Set the Affiliation type to Automatic. 

g. In the Channel Assignment tab, enter the Rx and Tx channel ranges. Consult 
your radio system administrator for the list of values. 
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h. In the OBT Control Channels tab, set the RX Frequency and TX Frequency of 
each control channel with which the data subscriber should be able to affiliate. 
Consult your radio system administrator for the list of control channels. 

6. Double-click on Trunking ->Trunking Personality ->Trunking Personality 1. 

a. In the General tab, set the Protocol Type to II and set the System ID to the value 
obtained from the radio system administrator for the site.  Make sure that the 
Time Out Timer is set to 3 (for 60 sec).  Check that the Type II Individual ID is 
set to the value obtained from the radio system administrator for the site. 

b. In the Talkgroup tab, set the radio talkgroup value in hexadecimal.  Consult your 
radio system administrator for the talkgroup information.  (Note: Talkgroup for 
voice in analog trunking is the same for voice and data on analog trunk. 

7. From the File Menu, select Save to save changes to the radio. 

8. From the File Menu, select Write Device to download the configuration to the radio. 

XTL5000/XTL2500 Radio Models and Options for ACE3600 
The XTL5000/XTL2500 radio installation kit is used with one of the following XTL5000/ 
XTL2500 radios:  

Description Nomenclature Band 

XTL5000 Mobile 10-35 W, 764-870MH M20URS9PW1 N 764 - 870 MHz 

XTL5000 UHF R1 Mobile 10-40 W 380-470 M20QSS9PW1 N 380 - 470Mhz 

XTL5000 UHF R2 450-520 MHZ 10-45 W M20SSS9PW1 N 450 - 520Mhz 

XTL5000 VHF Mobile 10-50 W 136-174 MHZ M20KSS9PW1 N 136 - 174Mhz 

XTL2500 Mobile 10-35 W, 764-870MHz  M21URM9PW1N 764-870 MHz 

XTL2500 Mobile 10-40 W, 380-470MHz   M21QSM9PW1 N 380-470MHz 

XTL2500 Mobile 10-45 W, 450-520MHz    M21SSM9PW1 N 450-520 MHz 

XTL2500 Mobile 10-50 W, 136-174MHz   M21KSM9PW1 N 136-174 MHz 
 

All of the following options may be ordered with the XTL2500 radio:  

Option Name Option Number 

ADD: O5 CONTROL HEAD G442 

ADD: NO MICROPHONE NEEDED G90 

ENH: SOFTWARE ASTRO DIGITAL CAI OPERATION G806 

ENH: ASTRO PROJECT 25 TRUNKING SOFTWARE G361 

ADD: CONTROL HEAD SOFTWARE, O5 G444 

ENH: SMARTZONE OPERATION G51 

ENH: RS232 PACKET DATA INTERFACE W947 
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Option Name Option Number 

ADD: DASH MOUNT G66 

ADD: NO SPEAKER G142 

ADD: NO ANTENNA G89 
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XTS2500 Radio Installation Kit 
The XTS2500 radio installation kit (ACE3600 option V156AG or kit FLN3814A) enables the 
user to install the XTS2500 radio in ACE3600 Remote Terminal Units (RTU).  The RTU can 
use the XTS2500 in digital mode to communicate over the ASTRO 6.x/7.x system.  The 
following hardware and firmware are required: 

 Radio firmware version 6.4 and above for trunked IV&D 

 ASTRO Infrastructure version SR6.5 and above for trunked IV&D 

 ACE3600 firmware 10.00 and above 

 ACE3600 System Tools Suite (STS) version 10.50 and above  

The installation kit includes brackets, cables, screws and installation instructions. 

After the XTS2500 radio is installed in the RTU, the RTU port is configured, the IP address 
information is downloaded, the radio is context activated and finally, communication from the 
RTU over the air is verified.  For more information on MDLC over ASTRO IV&D (Integrated 
Voice & Data), refer to the MDLC over IP chapter of the ACE3600 STS Advanced Features 
Manual. 

Installation 

 

Before installing the XTS2500 radio on the RTU, configure the power supply AUX2A/B 
connector to 7.5V DC in the ACE3600 STS site configuration (using the Power Supply <n> 
Auxiliary 2 voltage parameter.)  Download the updated site configuration to the RTU.  Failure 
to do so might damage the radio.  

The installation kit includes a radio bracket, metal bracket with built-in screws, power cables, 
communication cable, antenna cable and plastic strips.  The XTS2500 can be mounted on the 
ACE3600 RTU using the kit as follows: 

Procedure 21-9 How to Install the XTS2500 Radio on the Metal Chassis 

1. Attach the XTS 2500 radio to the radio bracket (from FHN6674A).  (See Figure 21-8.)   

2. Connect the programming cable (RKN4106A) provided with the radio to the Accessory 
connector on the radio.  (See Figure 21-10.)  Connect the other end of the programming cable 
to the 9-pin D-type (Radio) connector on the communication cable (FKN8516A) and tighten 
the screws attached to the programming cable.  Do not use the 25-pin connector; it is for 
programming only. 

3. Connect the other end of the communication cable (RJ45 connector) to the plug-in port of 
the ACE3600 CPU.  

4. Connect the 7.5V DC power cable (FKN8515A) to the AUX2A or AUX2B auxiliary 
power output connector on the RTU power supply.  Connect the other end of the power cable 
to the DC adapter on the radio bracket (FHN6674A).  (See Figure 21-9 and Figure 21-10.) 
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Figure 21-8  XTS2500 Radio and Metal Bracket 

 

5. Add the BNC adapter (#5871143Y04) to the XTS2500 radio antenna connector.  (See 
Figure 21-9.) 

6. Attach the BNC connector of the antenna cable (FKN8434A) to the radio's BNC adapter.  
Route the antenna cable through the small wire clamps along the left side edge of the RTU 
chassis, according to the placement of the radio on the chassis. Attach the N-type connector at 
the other end to the opening on the bottom of the RTU housing using the supplied locking 
washer and nut.  (See Figure 21-9.) 

7. Mount the radio/bracket unit on the metal bracket (#0789422V40 from FHN6674A) 
using the four supplied screws.    

8. Mount the metal bracket on the RTU chassis above the I/O modules, using the three built-
in screws, with the bottom of the radio towards the chassis. (See Figure 21-9.)  

9. Attach all cables to the chassis using the supplied wire clamps. 
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Figure 21-10  XTS2500 Radio Installed on ACE3600 Chassis - Cable Connections 
 

RTU Port Configuration 
To enable MDLC communication over ASTRO IV&D, use the ACE3600 STS (≥V10.50) to 
configure the RTU port connected to the XTS25000 radio.  For more information, refer to the 
MDLC over IP chapter of the ACE3600 STS Advanced Features manual. 

The following figures show the port configuration and advanced parameter configuration.  
Although these show Port SI1, the same values can be applied to other ports, where relevant.   

Port Type 
Procedure 21-10 How to Configure the ACE3600 Port for the Astro XTS2500 Digital Radio 

1. In the ACE3600 STS click on the desired site, and open the site view.   

2. In the Port Tab, click on the on-board or plug-in port through which the RTU will 
communicate with the XTS2500 radio.   

3. Confirm that the port parameters and data speed are as shown in the screen below. 

4. Define desired links. 

5. If you plan to synchronize the RTU time from the Front End Processor (FEP) in the 
Customer Enterprise Network (CEN), specify the IP address of the FEP in the NTP field.  
This IP address information is provided by your ASTRO IV&D system operator.  

6. Save the changes. 
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Figure 21-11  RTU Site Configuration for MDLC over ASTRO IV&D – Port Type Parameters 
 

Advanced Parameter Configuration 

 

Figure 21-12  RTU Site Configuration for MDLC over ASTRO IV&D – Advanced Parameters 
 

Generally no other changes are required to Advanced Physical or Link Layer parameters.  For 
information on these parameters, see the MDLC over IP chapter of the ACE3600 STS 
Advanced Features manual. 

Procedure 21-11 How to Configure the Advanced Parameters of the ACE3600 Port for the 
Astro XTS2500 IV&D Digital Radio 

1. (ASTRO System 6.3-6.5 only) Make sure that the Advanced Link parameter Registration 
life time to 28800 seconds (default) in order to restart the radio periodically.   

2. If any changes are required, click on the appropriate screen in the Port Tab.   

3. Change the settings as necessary.  
Note:  The Default Group ID Address should be left 000.000.000.  The actual values will 
be read by the RTU from the radio upon connection.  

4. Save any changes. 

5. Save the project. 
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6. Download the site configuration to the ACE3600 RTU. 

 

IP Conversion Table (for Astro XTS2500 IV&D Digital Radio) 
Prepare an IP conversion table if the RTU must communicate with another RTU or an IP 
Gateway.  In the IP conversion table, specify the IP address of each RTU port (site ID + link 
ID).  This IP address is assigned by the infrastructure operator. 

Note that an IP address is obtained from the radio once it is connected to the RTU port over 
PPP. The IP address obtained from the radio is not the real IP address set by the infrastructure, 
but rather a dummy address.  This dummy is configured in the radio via the CPS Mobile 
Computer IP address parameter (by default 192.168.128.2).   

When device LINxL level 0 is retrieved using the ACE3600 STS Software Diagnostics tool, 
the IP Address displayed is this dummy address and not the actual IP address assigned by the 
infrastructure operator.   

It is recommended to create two IP conversion tables:  

1. The first is downloaded to the FIU or IP Gateway on the LAN and includes the site and 
IP information for each RTU. 

2. The second is downloaded to all RTUs which are connected to the infrastructure with 
ASTRO IV&D radios, and includes the site and IP information for the FIU and IP 
Gateway. 

For detailed instructions on preparing the IP conversion table, refer to the IP Communications 
chapter of the ACE3600 STS Advanced Features manual. 

Radio Programming using CPS for the Astro XTS2500 IV&D Digital 
The XTS2500 radio is programmed for ACE3600 in the factory and is ready for ASTRO 
IV&D communication.  For user programming of site-specific parameters, the radio should be 
brought to the Motorola Service Center.   

Radio Connections 
To program the XTS2500 radio with Customer Programming Software (CPS), the radio must 
be connected to a PC.   

Procedure 21-12 How to Connect the XTS2500 Radio to the CPS 

1. Power on the radio. 

2. Disconnect the programming cable (RKN4106A) from the 9-pin D-type (Radio) 
connector on the data cable (FKN8516A). 

3. Connect the D-type connector of the programming cable (RKN4106A) to the serial port 
of a PC on which the ASTRO CPS software is installed.  

4. Program the radio using the CPS, as described in CPS Programming Settings below. 

5. After radio programming, reconnect the communication and programming cables as 
described in the Installation section above. 
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Radio Disassembly 
If the XTS2500 radio is to be programmed outside of the ACE3600 housing, disassemble the 
radio as follows:  

Procedure 21-13 How to Disassemble the XTS2500 Radio from the ACE3600 Metal Chassis 

1. Disconnect the antenna cable (FKN8434A) from the Antenna connector on the radio. 

2. Remove the radio/bracket unit from the RTU chassis by unscrewing the three built-in 
screws. 

3. Disconnect the DC power cable (FKN8515A) from the Power connector on the radio. 

4. Disconnect the 13-pin connector of the programming cable (RKN4106A) from the 
Accessory connector on the radio. 

5. Detach the metal bracket (#0789422V40 from FHN6674A) by unscrewing the four radio 
screws (#0310906A67), two on each side. (See Figure 21-9.) 

6. Take the radio to a laboratory for programming, as described in CPS Programming 
Settings below. 

CPS Programming Settings 
Before programming the radio, read the codeplug file from the radio and save it to your PC 
using the File->Read command in the CPS (R05.00.00 or above).  Open the codeplug file in 
the CPS and set the parameters as follows. 

Procedure 21-14 How to Program the XTS2500 Digital Radio 

1. In the CPS, click on the codeplug in the tree view to open the items below. 

2. Under Radio Configuration, double-click on Radio Wide.  

a. In the General tab, set the Out of Range Indicator and Imbalanced Coverage 
Indicator to Alert & Display. 

b. (Recommended) In the Data tab, enable SNMP Traps.  (You can disable it, but 
the RTU will only detect a loss of context activation the next time it polls the 
radio (every 10 seconds by default). 

c. (Optional) Specify the Mobile Computer IP address. This is the dummy IP 
address assigned to the RTU by the radio (by default it is 192.168.128.2).  For 
each radio, it is recommended to change the last digit in the Mobile Computer IP 
address (e.g. to the Unit ID in Trunking systems.) 

3. Double-click on NAT List -> NAT List Entry 1. 

a. Add an entry to the NAT List: 

1) WAN port =  MDLC over IP port number (e.g. 2002) 

2) LAN port = MDLC over IP port number (e.g. 2002) 

3) Static NAT IP Address = Mobile Computer IP Address (e.g. 192.168.128.2).  
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The Mobile Computer address should match the Mobile Computer IP Address 
assigned on the Radio Configuration>Radio Wide>Data tab in Step 2 above. 

4. Double-click on Trunking ->Trunking System ->Trunking System 1. 

a. In the General tab, set the Type to ASTRO 25.  If the proper system key was 
loaded, the System Key field should already be enabled. 

b. Set the ASTRO 25 Home System ID, Home WACN ID and Unit ID to values 
obtained from the radio system administrator. 

c. Under Coverage Type, set the type to SmartZone. 

d. In the Astro 25 Channel ID tab, enable the first channel. 

e. In the 700/800 Astro 25 Control Channels tab (700_800 or OBT depending on 
the band), enter the control channels with which the data subscriber should be 
able to affiliate. Consult your radio system administrator for the list of control 
channels.  

f. In the Data tab, enable Packet Data Capable System (PDS), and Terminal Data 
and disable (uncheck) Rx Voice Interrupts Data. 

5. Double-click on Trunking ->Trunking Personality ->Trunking Personality 1. 

a. In the General tab, set the Protocol Type to ASTRO 25 and set the System & ID 
to 1. 

b. In the 700/800 Failsoft tab, data only subscribers should set Failsoft Type to 
disabled.  (There is no data service unless the subscriber is affiliated to a wide-
area trunking site.) 

c. In the Talkgroup tab, set the radio talkgroup value in hexadecimal.  Consult your 
radio system administrator for the talkgroup information. 

d. (Recommended) In the Preferred Sites tab, set the status of the first record to 
None.  (This means that data only subscribers are not locked into preferred sites.) 

6. Double-click on Zone Channel Assignment ->Zone Channel Assignment. 

a. In the Zone tab, set the Zone to the desired zone name (e.g. ZONE1). 

b. In the Channels tab, set the Channel to the name which will be displayed on the 
radio screen (if the radio is Model II or III).  

c. Select the Personality type of that channel.  

d. Specify the Personality # of that channel. 

e. Specify the Talkgroup # of that channel. 

7. From the File Menu, select Save to save changes to the radio. 

8. From the File Menu, select Write Device to download the configuration to the radio. 
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Infrastructure Configuration for the Astro IV&D XTS2500 Digital Radio 
In order for the ACE3600 RTU to communicate over the ASTRO IV&D infrastructure (6.4 or 
later) using the XTS2500 digital radio, the infrastructure must be properly configured using the 
UCM (User Configuration Manager) tool.  

Note: If configuring a border router or any firewall within the CEN (Customer Enterprise 
network), make sure that the ACE3600’s MDLC over IP UDP port number 2002 is enabled for 
inbound and outbound messages. 

Note: In the UCM Radio User Data Settings tab, be sure to set the IP address as Static, to 
enable Generate ICMP and Source Address Checking, and the Ready timer set to 10 seconds.  

XTS2500 Radio Models and Options for ACE3600 
The XTS2500 radio installation kit is used with one of the following XTS2500 radio:  

Description Nomenclature Band 

XTS2500 PORTABLE 1-3 WATTS, 764-870MH H46UCC9PW5 N 764-870 MHz 

XTS2500 VHF PORTABLE 1-5 WATTS 136-174 H46KDC9PW5 N 136-174 MHz 

XTS2500 UHF R1 PORTABLE 1-5 WATTS 380-470 H46QDC9PW5 N 380-470 MHz 

XTS2500 UHF R1 PORTABLE 1-5 WATTS 450-520 H46SDC9PW5 N 450-520 MHz 
 

All of the following options may be ordered with the XTS2500 radio:  

Option Name Option Number 

ENH: SOFTWARE TRUNKING 9600 BAUD Includes: 9600 
Baud, Wide Area SmartZone, OmniLink, ASTRO Digital CAI, 
& PTT-ID Display 

Q574 

ENH: RADIO PACKET DATA Q947 

DEL: ANTENNA H112 

DEL: BATTERY ALL TOGETHER H207 

DEL: BELT CLIP H301 

ADD: DATA CABLE Q157 
 

 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 783 of 1072



CDM750 Radio Installation Kit 
The CDM750 radio installation kit (ACE3600 option V143AH/kit FLN3638A) enables the 
user to install the CDM750 radio series in ACE3600 Remote Terminal Units (RTU).  The 
FLN3638A installation kit includes a bracket, adapter, and cables. 

Installation 
The CDM750 radio can be mounted on the ACE3600 RTU as follows: 

Procedure 21-15 How to Install the CDM750 Radio on the Metal Chassis 

1. Attach the radio plug-in port from the installation kit (FLN3696A) to the desired opening 
on the ACE3600 CPU module.  For instructions on attaching plug-in ports, see 
Connecting Plug-In Ports to the CPU Module in the CPU Module chapter above. 

2. Connect the radio adapter (FLN3639A) 16-pin connector to the radio Accessory 
connector (See Figure 21-13.) 

3. Connect the power cable (FKN8436A) to the radio power connector, and the opposite 
end of the cable to the AUX1A or AUX1B connector on the ACE3600 power supply 
module.  Connect the free red wire to the ignition pin on the radio adapter. 

4. Connect the communication cable (FKN8427A) to the rear connector (8-pin RJ45 
connector) of FLN3639A.  Place one Fair-Rite soft ferrite (#7683477X01 from the 
supplied ferrite kit FHN7007A) on the cable near the bottom of the CPU door, loop the 
cable one turn around it, and clamp the ferrite on the cable. 
Connect the other end of the communication cable to the plug-in port of the ACE3600 
CPU module.  

 

Radio Adapter 
(FLN3639A) 

 

 

Power 
Connector 

Antenna 
Connector 

Antenna Cable 
(FKN8437A)  

 

 Communication 
Cable (FKN8427A) 

Power Cable 
(FKN8436A)  

Figure 21-13  CDM750 Antenna, Power and Communication Cable Connections 
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4. Connect the antenna cable (FKN8437A) to the Antenna connector on the radio and to the 
opening on the bottom of the ACE3600 RTU housing, using the four supplied screws. 
See Figure 21-13 and Figure 21-15.) 

5. Attach the radio to the bracket (0789422V45 from FHN6898A) by using screws and 
washers from kit FHN6898A. See Figure 21-14 below. 

 

Radio Bracket, Screws and 
Washers (FHN6898A)  

 CDM750 Radio 
Figure 21-14  CDM750 Radio and Metal Bracket 

 
6. Attach the complex (radio + bracket) using the four supplied screws to the ACE3600 

chassis.  See Figure 21-15 below. 
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Figure 21-15  CDM750 Radio Installed on ACE3600 Chassis 
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RTU Port Configuration for the CDM750 Radio 
To enable MDLC communication using CDM750 radios, use the ACE3600 STS site 
configuration utility to configure the ACE3600 RTU plug-in port connected to the radio.     

The following figures show the port configuration and advanced parameter configuration.  
Although these show Port PI1, the same values can be applied to port PI2 as well, where 
relevant.  

Port Type 
Procedure 21-16 How to Configure the ACE3600 Port for the CDM750 Radio 

1. In the ACE3600 STS, click on the desired site, and open the site view.   

2. In the Port Tab, click on the plug-in port through which the RTU will communicate with 
the radio.   

3. Confirm that the port parameters and data speed are as shown in the screen below. 

4. Define desired radio links and zones if necessary.   

5. Save the changes.  Generally no other changes are required to Advanced Physical or Link 
Layer parameters. 

 

Figure 21-16  RTU Site Configuration for MDLC over CDM750 Radio – Port Type Parameters 
 

Programming the CDM750 Radio using CPS 
The CDM750 radio is programmed for ACE3600 in the factory and is ready for 
communication.  For user programming of site-specific parameters, follow the instructions 
below.   

Radio Connections 
To program the CDM750 radio with Customer Programming Software (CPS), the radio is 
connected to a PC using the standard Radio Interface Box (RIB).   

Procedure 21-17 How to Connect the CDM750 Radio to the CPS 

1. Connect one end of the programming cable (PMKN4004) to the radio Accessory 
connector and the other end to the 25-pin connector on the RIB (RLN4008).  The RIB 
and cable are not supplied and must be ordered separately. 

2. Using the 9-pin interface cable (3080369B72), connect the RIB to the serial port of a PC 
on which the CDM750 CPS software (HVN9025) is installed. 

3. Connect the RIB to a power RIB power supply or 9V battery. 
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Radio Disassembly 
If the CDM750 radio is to be programmed outside of the ACE3600 housing, disassemble the 
radio as follows:  

Procedure 21-18 How to Disassemble the CDM750 Radio from the ACE3600 Metal Chassis 

1. Disconnect the antenna cable (FKN8437A) from the radio Antenna connector. 

2. Remove the radio/bracket unit from the RTU chassis by unscrewing the four built-in 
screws. 

3. Disconnect the DC power cable (FKN8436A) from the radio Power connector. 

4. Disconnect the radio adapter (FLN3639A) 16-pin connector from the radio Accessory 
connector. 

5. Detach the metal bracket (FHN6898A) by unscrewing the two radio screws 
(#0387839V89), one on each side. (See Figure 21-14.) 

CPS Programming Settings 
The following programming instructions must be performed before connecting a CDM750 
radio to the ACE3600 family Remote Terminal Units (RTU). These instructions define 
miscellaneous settings and the function of each pin in the radio’s general purpose I/O 
connector.  

Procedure 21-19 How to Program the CDM750 Radio 

1. Before programming the radio, read the codeplug file from the radio and save it to your 
PC using the File >Read Device command in the CPS.   

2. Open the codeplug file in the CPS.  Click on the codeplug in the tree view to view and 
select the items below or select them from the Feature menu. 

3. Under Radio Configuration, change the settings on the Basic, Tx Power, Accessory 
Configuration, and Accessory Pins tabs, as shown in the screens below.   

4. Under Controls and Menus->Conventional Buttons, change the settings to the Mobile 
Key Buttons and Programmable Buttons tabs, as shown in the screens below. 

5. Under Conventional Personality 1, change the settings to the Basic, Options and 
Advanced tabs, as shown in the screens below. 

6. Under Personality Assignment to Zone 1, make sure that the desired channel(s) appear on 
the list on the Channels tab.  If not all the assigned channels are required, remove them 
from the assignment list.  

7. From the File Menu, select Save to save changes to the radio. 

8. From the File Menu, select Write Device to download the configuration to the radio. 
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Figure 21-17 Radio Configuration- Basic Settings 

 

Figure 21-18 Radio Configuration- Tx Power 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 789 of 1072



 

Figure 21-19 Radio Configuration - Accessory Connector Configuration 

 

Figure 21-20 Radio Configuration - Accessory Pins Definition 
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Figure 21-21 Conventional Buttons Configuration – Mobile Key Buttons 

  

Figure 21-22 Conventional Buttons Configuration – Programmable Buttons 
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Figure 21-23 Conventional Personality Configuration – Basic Settings 

 

Figure 21-24 Conventional Personality Configuration – Options 
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Figure 21-25 Conventional Personality Configuration – Advanced Settings 

 

Figure 21-26 Radio Channel Assignment - Personality Assignment to Zone 
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GP/HT/PRO Radio Installation Kit 
The GP/HT/PRO Radio Installation Kit for ACE3600 (V154AE, FLN3637A) enables the user 
to install the GP320/GP328/HT750/PRO5150 portable radios in ACE3600 Remote Terminal 
Units (RTU). Each kit includes a bracket, radio interface, adapters, and cables. 

Volume Knob Retainer 
The volume knob retainer sets a fixed position for the volume knob on the GP/HT/PRO radios, 
for optimal operation in an ACE3600 RTU installation. To implement this option, follow the 
procedure below. 

Procedure 21-20 How to Attach the Volume Knob Retainer for the GP/HT/PRO Radio 

1. Remove the original plastic volume knob cover from the radio by pulling it out with 
pliers, as shown in Figure 21-27. 

 

Volume Knob 

Figure 21-27 Removing the Volume Knob 
 

2. Place the hole of the volume knob retainer (shown in Figure 21-28) over the exposed 
metal volume rod on the radio (shown in Figure 21-29.) 

 

Figure 21-28 Volume Knob Retainer 
 

3. Fasten the bottom of the volume knob retainer to the radio body. (See Figure 21-29.) 
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Figure 21-29 Attach Retainer to Radio 
 

Installation 

 

Before installing the GP/HT/PRO radio on the RTU, configure the power supply AUX2A/B 
connector to 7.5V DC in the ACE3600 STS site configuration (using the Power Supply <n> 
Auxiliary 2 voltage parameter.)  Download the updated site configuration to the RTU.  Failure 
to do this might damage the radio. 

The GP/HT/PRO radio can be mounted on the ACE3600 RTU as follows: 

1. Attach the radio plug-in port from the installation kit (FLN3696A) to the desired opening 
on the ACE3600 CPU module.  For instructions on attaching plug-in ports, see Connecting 
Plug-In Ports to the CPU Module in the CPU Module chapter above. 

2. Connect the audio accessory adapter (HLN9716) (Item 1) to the radio.  See Figure 21-30. 

3. Insert the communication cable (FKN8431A) (Item 2) into the audio accessory adapter. 

4. Insert the BNC antenna adapter (FTN6045B) into the radio antenna connector (Item 3). 

5. Snap the radio into the DC adapter (FCN5516B) (Item 4). 

6. Insert the 7.5V DC power cable (FKN8515A) into the DC connector of the DC adapter 
(Item 5). 
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Figure 21-30 GP/HT/PRO Radio Installation 
 

7. Using the two screws, attach the radio assembly to the radio bracket (FHN6899A). 

8. Using the three screws on the bracket, attach the bracket with the radio to the chassis of the 
ACE3600. (See Figure 21-31.) 

9. Connect the audio communication cable (FKN8431A) to the audio adapter (attached to the 
radio).  Place one Fair-Rite soft ferrite (#7683477X01 from the supplied ferrite kit 
FHN7007A) on the cable near the bottom of the CPU door, loop the cable one turn around 
it, and clamp the ferrite on the cable.  Connect the other end of the communication cable to 
the plug-in port on the front panel of the CPU module.  

10. Connect the DC power cable (FKN8515A) from the DC adapter (attached to the radio) to 
the AUX2A or AUX2B connector of the power supply module. 

11. Route the antenna cable (FKN8434A) from the bottom of the RTU box to the BNC adapter 
on the radio. 

12. Use the clamps provided in the kit to route and secure the audio communication and DC 
power cables. (See Figure 21-31.) 
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Figure 21-31 GP/HT/PRO Radio Installed on ACE3600 Chassis 
 

RTU Port Configuration for the GP320/GP328/HT750/PRO5150 Radio 
To enable MDLC communication using GP320/GP328/HT750/PRO5150 radios, use the 
ACE3600 STS site configuration utility to configure the ACE3600 RTU plug-in port 
connected to the radio.   

The following figures show the port configuration and advanced parameter configuration.  
Although these show Port PI1, the same values can be applied to port PI2 as well, where 
relevant.  

Port Type 
Procedure 21-21 How to Configure the ACE3600 Port for the GP/HT/PRO Radio 

1. In the ACE3600 STS click on the desired site, and open the site view.   

2. In the Port Tab, click on the plug-in port through which the RTU will communicate with 
the radio.   

3. Confirm that the port parameters and data speed are as shown in the screen below. 
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4. Define desired radio links and zones if necessary. 

5. Save the changes.  Generally no other changes are required to Advanced Physical or Link 
Layer parameters. 

 

Figure 21-32  RTU Site Configuration for MDLC over GP320/GP328/HT750/PRO5150 Radio –  
Port Type Parameters 

 

GP/HT/PRO Radio Models and Regional Options for ACE3600 
The GP/HT/PRO models of the ACE3600 RTU, F7553A (VHF) and F7554A (UHF) include 
the following regional options: 

Option Region Radio 
V951 North America (NA)  HT750 

V952 EMEA GP320 

V953 Asia GP328 

V954 Latin America (LA)  PRO5150 

V154AE     GP/HT/PRO INSTALL KIT  

FLN3637A GP/HT/PRO INSTALL KIT  

 

Note: 

1. When ordering ACE3600 model with a GP/HT/PRO radio, a V95x option must be added. 

2. For models/options availability, see the latest sales price list. 

3. Orders to EMEA should be placed as model without radio and radio as a kit 

 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 798 of 1072



CM/EM/GM Radio Installation Kit 
The CM/EM/GM Installation Kit for ACE3600 (V148AC/FLN3635A) enables the user to 
install the CM/EM/GM mobile radio (CM200, CM140, EM200, GM3188) in ACE3600 
Remote Terminal Units (RTU).  Each kit includes a bracket, adapter, and cables. 

Installation 
The CM/EM/GM can be mounted on the ACE3600 RTU as follows: 

Procedure 21-22 How to Install the CM/EM/GM Radio on the Metal Chassis 

1. Attach the radio plug-in port from the installation kit (FLN3696A) to the desired opening 
on the ACE3600 CPU module.  For instructions on attaching plug-in ports, see Connecting 
Plug-In Ports to the CPU Module in the CPU Module chapter above.  

2. Connect the 16-pin connector radio adapter (FLN3636A) to the accessory connector on the 
radio. (See Figure 21-33.) 

Radio 
Bracket  
(FHN6894A) 

Mounting Screws 
(0387839V89) 

 
Power Cable 
(FKN8428A) 

Radio 
Adapter 

Figure 21-33 CM/EM/GM Radio, Adapter and Power Cable 
 

3. Connect the power cable (FKN8428A) to the radio’s power connector. (See Figure 21-33 
and Figure 21-34.)  Connect the other end of the power cable to the AUX1A or AUX1B 
connector on the ACE3600 RTU Power Supply unit. (See Figure 21-35.)  
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Power 
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(FKN8428A) Radio  

Antenna 
Connector Antenna Cable  

(FKN8429A*) 

Figure 21-34 CM/EM/GM Radio Cable Connections 
 

4. Connect the communication cable (FKN8427A) to the back of the radio adapter 
(FLN3636A) connector (10-pin RJ45 connector). (See Figure 21-34.) Place one Fair-Rite 
soft ferrite (#7683477X01 from the supplied ferrite kit FHN7007A) on the cable near the 
bottom of the CPU door, loop the cable one turn around it, and clamp the ferrite on the 
cable.  Connect the other end of the communication cable to the plug-in port of the 
ACE3600 CPU.  

5. Mount the CM/EM/GM radio onto the metal bracket (#0789422V45) using the two 
supplied radio mounting screws from kit FHN6894A, # 0387839V89 on the top and 
bottom of the radio. (See Figure 21-33, Figure 21-34 and Figure 21-35.) 

6. Connect the antenna cable (FKN8429A*) to the antenna connector on the radio and to the 
opening on the bottom of the ACE3600 housing using the four supplied screws. (See 
Figure 21-34 and Figure 21-35.)  Mount the complex (bracket and radio) on the RTU 
chassis above the CPU and I/O modules, using the four built-in screws. (See Figure 21-35.) 

                                                      
*  In EMEA and Asia, add the adapter provided in kit FLN3635A to the radio before attaching the 
antenna cable. 
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Figure 21-35 CM/EM/GM Radio Installed on ACE3600 Chassis 

 

RTU Port Configuration for the CM/EM/GM Radio 
To enable MDLC communication using CM/EM/GM radios, use the ACE3600 STS site 
configuration utility to configure the ACE3600 RTU plug-in port connected to the radio.   

Follow the instructions for RTU Port Configuration for the CDM750 Radio above.   

Programming the CM/EM/GM Radio using CPS 
The following programming instructions must be performed before connecting a CM/EM/GM 
radio to an ACE3600 RTU.  These steps define miscellaneous settings and the function of each 
pin in the radio’s general purpose I/O connector.  
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Radio Information 
The picture below shows the radio model information screen in the CPS. 

 

Figure 21-36 CM/EM/GM CPS Radio Information Screen 
 

Radio Power Settings 
The picture below shows the TX power setting (1-25 W) in CPS. 

 

Figure 21-37 CM/EM/GM CPS General Settings Screen 
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Radio Accessory Connector Pins Definition 
The picture below shows the setting of the radio’s accessories pins required for interfacing with 
the ACE3600. 

 

Figure 21-38 CM/EM/GM CPS Radio Accessories Screen 
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Frequency and Bandwidth Settings 
The picture below shows the setting of the radio’s frequency, bandwidth and power level. 

 

Figure 21-39 CM/EM/GM CPS Radio Personality Tx/Rx Screen 
 

Note: The Power Level should be set according to the power output. 
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CM/EM/GM Radio Models and Regional Options for ACE3600 
The CM/EM/GM models of the ACE3600 RTU, F7573A (VHF) and F7574A (UHF) include 
the following regional options: 

Option Region Radio 
V851 North America (NA)  CM200, 1-25W 

V852 EMEA CM140, 1-25W 

V853 Asia GM3188, 1-25W 

V854 Latin America (LA)  EM200, 1-25W 

V148AC     CM/EM/GM INSTALL KIT  

FLN3635A CM/EM/GM INSTALL KIT  

 

Note: 

1. When ordering an ACE3600 model with a CM/EM/GM radio, a V95x option must be 
added. 

2. For models/options availability, see the latest sales price list. 

3. The kit FLN3635A includes an adapter for use with antenna cable FKN8429A in EMEA 
and Asia. 
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MotoTrbo - XPR4350, XPR4380, DM3400, XiR M8220, DGM4100 Radio 
Installation Kit 

The MotoTrbo - XPR4350, XPR4380, DM3400, XiR M8220, DGM4100 Installation Kit for 
ACE3600 (FLN4102A/V682AF) enables the user to install the XPR4350/XPR4380/ 
DM3400/XiR M8220/DGM4100 mobile radios in ACE3600 Remote Terminal Units (RTU).  
Each kit includes a radio bracket (FHN6894A), power cable (FKN8436A), USB data cable 
(FKN8644A) and antenna cable (FKN8437A).   

Installation 
The MotoTrbo can be mounted on the ACE3600 RTU (CPU 3680 only) as follows: 

1. Attach the MotoTrbo radio to the metal bracket (p/n 0789422V45 from kit FHN6894A) 
using the two supplied radio mounting screws.  (See Figure 21-40.) 

      

Mounting  
Washers 
and Screws 
(0387839V89 
 from 
FHN6894A) 

Radio 
Bracket  
(FHN6894A) 

MotoTrbo Radio 

Figure 21-40 MotoTrbo Radio and Metal Bracket 
 

2. Connect the USB connector of the USB data cable (FKN8644A) to one of the USB host 
ports on the ACE3600 CPU module.  Connect the other side of the cable (26-pin 
connector) to the Accessory connector on the radio.  (See Figure 21-41.) 
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Radio Accessory 
Connector 

Data Cable 
Power 
Connector 

Power Cable 

Antenna 
Connector 

Antenna Cable 

Figure 21-41 MotoTrbo Radio Cable Connections 
 

3. Connect the DC power cable (FKN8436A) to the Power connector on the radio.  Connect 
the male pin on the data cable (FKN8644A) to the female pin on the DC power cable 
(FKN8436A) to ensure ignition sense operation.  Connect the opposite end of the power 
cable to the AUX1A or AUX1B connector on the ACE3600 power supply unit.   
Important: Only one MotoTrbo radio can be attached to a given power supply. 

4. Mount the radio/bracket unit onto the RTU chassis above the CPU and I/O modules, using 
the four built-in screws.  (See Figure 21-46.) 

5. Connect the antenna cable (FKN8437A) to the Antenna connector on the radio.  If the 
radio type is DM4300 (EMEA) or XIR M8220 (Asia), use the RF adapter 5871143Y01. 

6. Run the cable through the small white clips along the edge of the chassis and attach the 
connector to the opening on the bottom of the ACE3600 RTU housing. 
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Figure 21-42 MotoTrbo Radio Installed on ACE3600 Chassis 

 

RTU Port Configuration for the MotoTrbo Radio 
The RTU port is configured using the ACE3600 STS as follows:  

Port Type 
Procedure 21-23 How to Configure the ACE3600 Port for the MotoTrbo Radio 

1. In the ACE3600 STS, click on the desired site, and open the site view. 

2. In the Port Tab, click on the USB port (HU1/HU2) through which the RTU will 
communicate with the radio.  (HU1 is the left USB port and HU2 is the right USB port.) 

3. Confirm that the port parameters are as shown in the screen below. 
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4. Define the desired Line links. 

5. Save the changes.  Generally no other changes are required to Advanced Physical or Link 
Layer parameters. 

 

Figure 21-43  RTU Site Configuration for MDLC over MOTOTRBO Radio – Port Type Parameters 
 

Advanced Parameter Configuration 
The STS provides default settings for advanced port parameters for use with the MotoTrbo 
radio.  These settings should be used. 

Programming the MotoTrbo Radio using CPS 
The MotoTrbo radio is programmed for ACE3600 in the factory and is ready for 
communication.  For user programming of site-specific parameters, bring the radio to the 
Motorola Service Center or use the CPS which can be ordered with the radio and follow the 
instructions below. 

Radio Connections 
To program the MotoTrbo radio with Customer Programming Software (CPS), the radio is 
connected to a PC USB port using the standard ACE3600 MotoTrbo communication cable 
FKN8644A.   

Procedure 21-24 How to Connect the MotoTrbo Radio to the CPS 

1. Connect the 26-pin connector to the radio Accessory connector, and the USB connector 
to the PC on which the MotoTrbo CPS software is installed. 

2. Connect the power cable to the radio. 

Radio Disassembly 
If the MotoTrbo radio is to be programmed outside of the ACE3600 housing, disassemble the 
radio as follows:  

Procedure 21-25 How to Disassemble the MotoTrbo Radio from the ACE3600 Metal Chassis 

1. Disconnect the antenna cable (FKN8437A) from the radio Antenna connector. 

2. Remove the radio/bracket unit from the RTU chassis by unscrewing the four built-in 
screws. 

3. Disconnect the DC power cable (FKN8436A) from the radio Power connector. 

4. Disconnect the data cable (FKN8644A) from the radio. 

5. Detach the metal bracket (FHN6894A) by unscrewing the two radio screws 
(#0387839V89), one on each side. (See Figure 21-14.) 
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CPS Programming Settings 
The following programming instructions must be performed before connecting a MotoTrbo 
radio to the ACE3600 family Remote Terminal Units (RTU). These instructions define 
miscellaneous settings and the function of each pin in the radio’s general purpose I/O 
connector.  

Procedure 21-26 How to Program the MotoTrbo Radio 

1. Before programming the radio, read the codeplug file from the radio and save it to your 
PC using the File >Read Device command in the CPS.   

2. Open the codeplug file in the CPS.  Verify that you are using the right radio.  

3. Under the radio’s General Settings, change the Radio ID number as required and the TX 
High Power value to VHF 25W/UHF 20W.  (View->Expert displays the full layout of 
General Settings.) 

4. Under Accessories, verify that Ignition Sense is set to On/Off Or Ignition. 

5. Under Network, verify that the CAI Network number (default 12) is identical for all 
radios in the system.   
Verify that CAI group number (default 225) is identical for all radios in the system. 
Verify that the Forward to PC window is marked enabled (required for time sync and 
broadcast). 

6. Under Channels->Zone<n>->Channel1, set the TX and RX frequencies as required.  
Verify that the color code and the repeater slot are equal in all radios in the group. 

7. From the File Menu, select Save to save changes to the radio. 

8. From the File Menu, select Write Device to download the configuration to the radio. 

Note: The radio configuration must match the repeater topology (direct mode, single repeater, 
IP site connect.) 

For more information on configuring the MotoTrbo radio and the ACE3600 RTUs for MDLC 
over MotoTrbo, see the MDLC over MotoTrbo section of the ACE3600 STS Advanced 
Features manual.  For information on adding IP addresses to the IP conversion table and 
downloading to the relevant attached RTUs, see the Operation chapter of the ACE3600 STS 
User Guide.   

XPR4350/XPR4380/DM3400/XiR M8220/DGM4100 Options for ACE3600 
One of the following MotoTrbo options must be ordered with the F7583A/F7584A models:  

Option Name Option Number 

ADD: XPR4350 Radio 403-470 MHz for NAG V751AA 

ADD: XPR4350 Radio 450-512 MHz  for NAG V751AB 

ADD: XPR4350 Radio 136-174 MHz  for NAG V751AC 

ADD: XPR4380 Radio 800/900 MHZ FOR NAG V751AD 

ADD: DM3400 Radio 403-470 MHz for EMEA & Australia V752AA 
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ADD: DM3400 Radio 450-527 MHz for EMEA & Australia V752AB 

ADD: DM3400 Radio 136-174 MHz  for EMEA & Australia V752AC 

ADD: XiR M8220 Radio 403-470 MHz for Asia V753AA 

ADD: XiR M8220 Radio 450-512 MHz for Asia V753AB 

ADD: XiR M8220 Radio 136-174 MHz for Asia V753AC 

ADD: DGM4100 Radio 403-470 MHz for LA V754AA 

ADD: DGM4100 Radio 450-527 MHz for LA V754AB 

ADD: DGM4100 Radio 136-174 MHz for LA V754AC 
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TransNET 900 OEM Radio Installation Kit 
The TransNET™ 900 OEM radio installation kit (VA00225AA/FLN3852A) enables the user 
to install MDS TransNET 900 OEM (board version) radio modems in ACE3600 Remote 
Terminal Units (RTU).  Each kit includes a bracket, adapter, and cables. 

Installation 
The TransNET 900 radio modem is housed in a plastic housing, as shown below: 

  

Figure 21-44 TransNET 900 Radio Modem and Connectors 
 

The TransNET 900 can be mounted on the ACE3600 RTU as follows: 

Procedure 21-27 How to Install the TransNET 900 Radio on the Metal Chassis 

1. Attach the TransNET 900 radio modem to the metal bracket (#0789971V39 from 
FHN7067A) using the four supplied screws, inserting the screws from above. (See Figure 
21-45 below.) 
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Figure 21-45 TransNET 900 Radio Modem Mounted on Metal Bracket - Front and Rear View 
 

2. Mount the bracket on the RTU chassis above the I/O modules, using the four built-in 
screws.  (See Figure 21-46 and Figure 21-47 below.) 

3. Connect one end of the power cable (FKN8508A) to the TransNET’s PWR (9-30VDC) 
connector and tighten the attached screws.  Connect the other end of the cable to the 
AUX1A connector on the RTU’s power supply module. 

4. Connect one end of the data cable (FKN8514A) to the TransNET’s DATA connector 
using the attached screws.  Connect the other end of the communication cable to the 
ACE3600 CPU module port configured for the radio.  

5. Connect the small end of the antenna cable (FKN8511A) to the TransNET’s ANT 
(Antenna) connector.   
Unscrew the nut and locking washer from the other end of the antenna cable.  
If the RTU is inside an enclosure, thread the end of the cable through the opening on the 
bottom of the enclosure and screw on the nut and locking washer from outside the 
enclosure.   

6. Connect the antenna cable to an external antenna.  
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Figure 21-46 TransNET 900 Radio Modem Installed on ACE3600 Chassis 
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Figure 21-47 TransNET 900 Radio Modem Installed on ACE3600 Chassis – Cable Connections 
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Setting Radio Parameters 
The TransNET 900 radio has certain parameters which are set in the MDS factory. 

 The radio address ADDR = xx, where xx is the same number for all radios in the 
system The address appears on the radio itself. 

 Mode - either MASTER or REMOTE (Slave). The mode setting appears on the radio 
itself. 

 Baud rate (factory default = 9600 8N1) 

These radio settings are determined in the MDS factory and are not generally changed by the 
user.  If it is necessary to change these settings, refer to the TransNET 900 radio 
documentation. 

RTU Configuration 
The RTU port is configured using the ACE3600 STS as follows:  

Procedure 21-28 How to Configure the ACE3600 Port for the TransNET 900 Radio 

1. In the ACE3600 STS click on the desired site, and open the site view.   

2. In the Port Tab, click on the on-board or plug-in port through which the RTU will 
communicate with the TransNET radio.   

3. Confirm that the port parameters and data speed are as shown in the screen below.   
Note: If the baud rate of the radio is not the default value (9600), the baud rate of the port 
should be configured accordingly. 

4. Define desired links. 

5. Save the changes.  

 

Figure 21-48  RTU Site Configuration for TransNET Radio– Port Type Parameters 
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iNET 900 Radio Installation Kit 
The iNET™ 900 installation kit (V680AH/FLN3854A) enables the user to install MDS iNET 
900 (board version) radio modems in ACE3600 Remote Terminal Units (RTU).  Each kit 
includes a bracket, adapter, and cables. 

Installation 
The iNET 900 radio modem is housed in a plastic housing, as shown below: 

  

Figure 21-49 iNET 900 Radio Modem  
 

The iNET 900 can be mounted on the ACE3600 RTU as follows: 

Procedure 21-29 How to Install the iNET 900 Radio on the Metal Chassis 

1. Attach the iNET 900 radio modem to the metal bracket (#0789971V39 from FHN7067A) 
using the four supplied screws, inserting the screws from below. (See Figure 21-50 below.) 
Note: The radio must be placed in the bracket with the connectors to the left side, so that 
the bracket can be mounted on the RTU chassis and the cables can reach the CPU.  

  

Figure 21-50 iNET 900 Radio Modem Mounted on Metal Bracket – Front and Rear View 
 

2. Mount the bracket on the RTU chassis above the I/O modules, using the four built-in 
screws.  (See Figure 21-51 below.) 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 816 of 1072



3. Connect one end of the power cable (FKN8508A) to the iNET’s PWR connector and 
tighten the attached screws.  Connect the other end of the cable to the AUX1A connector 
on the RTU’s power supply module.  See Figure 21-51 and Figure 21-52 below.) 

4. Connect one end of the data cable (FKN8512A) to the iNET’s COM2 connector using the 
attached screws.  Connect the other end of the communication cable to the ACE3600 CPU 
module port configured for the radio. 

5. Connect the small end of the antenna cable (FKN8511A) to the iNET’s ANT (Antenna) 
connector.   
Unscrew the nut and locking washer from the other end of the antenna cable.  
If the RTU is inside an enclosure, thread the end of the cable through the opening on the 
bottom of the enclosure and screw on the nut and locking washer from outside the 
enclosure.   

6. Connect the antenna cable to an external antenna. 
Radio  

 
 

Radio 
Bracket  
(FHN7067A) 

Power Supply CPU 

Figure 21-51 iNET 900 Radio Modem Installed on ACE3600 Chassis 
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Figure 21-52 iNET 900 Radio Modem Installed on ACE3600 Chassis – Cable Connections 
 

Configuring the iNET 900 to Work with ACE3600 
The iNET 900 radio modem can be configured to work with ACE3600 RTUs in several ways 
as described below.  Configurations 1-3 below represent External Modem configurations.  
Configurations 4-7 represent MDLC over IP configurations. 

With iNET radios (firmware version ≥ V4.4.0) any remote can communicate with any other 
remote.  An MDLC network (with zones) is no longer needed.  The iNET should be set in 
Multipoint to Multipoint topology, in order to enable communication between RTUs with no 
zones. 

Notes:  

 It is recommended to enable flow control on the RS232 serial port.  

 An RTU configured for MDLC over IP cannot communicate with an RTU configured 
for External Modem over the iNET network. If both exist, they should be allocated 
different Link IDs. 
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External Modem Port Configurations 
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Configuration 3
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External Modem/
Line2

External Modem/Line2

RS232

SCADA

MCP-M RS232
iNET

Access
Point

Com2/UDP

iNET UDP multicast
224.254.1.1/30011

Line 2
RTU RS232 iNET

Remote
Com2/UDP

RTU RS232 iNET
Remote

Com2/UDPRS232

STS

Modbus

 

 

MDLC over IP Port Configurations 

Configuration 4

MDLC over IP/
Line1

IP Gateway

Ethernet iNET
Access
Point

SCADA

MDLC over IP/Line1

iNET IP Cloud

Line 1MDLC over IP
Line1

RTU 1 iNET
Remote

Com2
  PPP

iNET
Remote

Ethernet

Ethernet/
169.254.2.12

Ethernet/
169.254.0.12

PPP/
169.254.1.13

169.254.2.13

169.254.0.14

RS232

RTU 2
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Configuration 5

MDLC over IP/
Line1

IP Gateway

Ethernet iNET
Access
Point

SCADA

MDLC over IP/Line1

iNET IP Cloud
169.254. xxx

Line 1MDLC over IP
Line1

RTU 1 iNET
Remote

Com2
  PPP

iNET
Remote

Ethernet

Ethernet/
169.254.2.12

Ethernet/
169.254.0.12

STS

STS

iNET
Remote

STS

Ethernet

Ethernet/
169.254.3.12

PPP/
169.254.1.13

169.254.3.13 169.254.2.13

169.254.0.14 169.254.0.13

RS232

CPU420
Firmware >=9.10

RTU 2

. xxx

 

Configuration 6

MDLC
over IP/
Line1

LAN

169.254.XXX.XXX

SCADA

IP Gateway

IP Cloud

iNET
Access
Point

RTU 1

iNET
Remote

Com2/
PPP
169.254.1.13

RTU 2

iNET
Remote

iNET
Access
Point

 Line 1

MDLC
over IP/
Line1

LAN

169.252.XXX.XXX

iNET IP Cloud
169.254. xxx . xxx

 Line 1

LAN

169.253.XXX.XXX

iNET IP Cloud
169.253. xxx . xxx

Ethernet
169.254.2.12

MDLC
over IP/
Line1

RTU 3

iNET
Remote

RTU 4

iNET
Remote

MDLC
over IP/
Line1

Com2/
PPP
169.253.1.13

Ethernet
169.254.2.12
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Configuration 7

MDLC
over IP/
Line1

LAN

169.254.XXX.XXX

IP Cloud

iNET
Access
Point

RTU 1

iNET
Remote

Com2/
PPP
169.254.1.13

RTU 2

iNET
Remote

iNET
Access
Point

 Line 1

MDLC
over IP/
Line1

LAN

169.252.XXX.XXX

iNET IP Cloud
169.254. xxx . xxx

 Line 1

LAN

169.253.XXX.XXX

iNET IP Cloud
169.253. xxx . xxx

Ethernet
169.254.2.12

MDLC
over IP/
Line1

RTU 3

iNET
Remote

RTU 4

iNET
Remote

MDLC
over IP/
Line1

Com2/
PPP
169.253.1.13

Ethernet
169.254.2.12

Modbus
RS232

SCADA

MCP-M EPIB

 

 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 822 of 1072



Radio Configuration 
External Modem Port 

iNET radios can be configured to work with the External Modem port on ACE3600 RTUs (see 
Configurations 1, 2 and 3 above.) 

Use the iNET radio programming software to program the AP (Access Point) and then the 
remote with the following settings.   

Note: 

 Radio firmware should be 4.4.0 or above. 

 IP Address refers to the Ethernet port IP and not the “over the air” IP. 

The initial screen is as follows: 

 MDS iNET 900 
  Starting Information Screen 
  -==================================================================- 
 
    Device Mode:   Access Point 
 
       Device Name:   AP Demo Set I 
 
       Network Name:  Demo Set l 
 
       IP Address:   169.254.0.12 
 

Device Status:   Operational 
 
     Uptime:     01 hrs, 51 min 
 

Firmware Version: 4.4.0 
 

Hardware Version:  1.0.3 
 
  Serial Number:   1069975 
 
 
   Press 'G' to go to Main Menu 
 

1. Press 'G' and the Main Menu will be displayed. 

2. Press 'D' and the Serial Gateway Configuration Menu will be displayed. 

3. Press 'D' to enable COM2 (if it is not enabled). Use the SPACE bar to cycle between  
  Enabled and Disabled. COM2 should be Enabled and COM1 Disabled. Press ENTER  
 once Enabled is shown. 

4. Press 'E' and the Serial Configuration Wizard will be displayed.  This wizard will assist  
you in the configuration of your available Serial Data Ports. 
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5. Press 'A' and the IP Protocol selection menu will appear.   

6. Select the IP Protocol you would like to use.  The following modes are supported: 

 TCP – Cannot be used for ACE3600.  

 UDP – to be used as ACE3600external modem.  

 PPP – to be used for MDLC over IP (Not relevant for External Modem.) 

Press 'B' to select the UDP port. 

7. If you selected UDP above, you will be prompted to select the Topology.  You have the  
 following choices: 

 Point to Point is used if you have a single AP and a single remote unit. 

 Point to MultiPoint is used if you transmit to a single radio. This radio is the point, and 
all radios are the multipoint. For example: An FNE is a point, and all other RTUs are 
multipoint. No RTU to RTU is provided. 

 MultiPoint to MultiPoint works like a real radio where any radio (RTU) can 
communicate with another. 

Press 'C' (Multipoint to MultiPoint) to enable routing between any RTU to any RTU. 

8. Next, set the values for the Multicast IP Address and Multicast Port.  These are the  
 addresses used when transmitting and receiving. They should be the same on all radios.   
 Press 'A' and enter “224.254.1.1” for the Multicast IP Address.  

9. Press 'B' and enter “30011” for the Multicast Port.  

10. Press 'C' to continue the wizard until the final screen, or abort it by pressing 'Q'. 

11. When the final wizard screen appears prompting you to “Change values (if necessary)  
 for UDP Data Connection Settings”, do not change any values.  Press 'Q' to quit wizard. 

12. The COM2 Serial Data Port values will be displayed.  Press 'G' and set the appropriate  
 Baud Rate (from 1200 bps to 115200 bps.) 

13. The Hardware Configuration values will be displayed.  Press 'G' to select the 8N1  
 hardware configuration for the port. 

14. It is recommended to have Hardware Flow Control on the serial port enabled.  When  
 prompted, press 'A' to enable Hardware Flow Control.   

15. When prompted to select the Serial Packet Mode, press 'A' to use the default value  
 (Seamless Mode.)  Press Q to exit wizard. 
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The settings for the COM2 Serial Data Port should appear as follows: 

 AP Demo Set I 
  Serial Configuration Wizard 
  -==================================================================- 
 
     COM2 Serial Data Port 
 
  A) Status      enabled 
  B) IP Protocol        UDP Multipoint to Multipoint 
  C) Multicast IP Address      224.254.1.1 
  D) Multicast Port     30011 
  E) Time to Live       1 
  F) Packet Redundancy Mode    Single Packet Mode 
  G) Data Baud Rate     9600 
  H) Configuration      8N1 
  I) Flow Control       enabled 
  J) Serial Mode        Seamless 
  K) Seamless Inter-Frame Delay 4 
 
  X) Commit Changes and Exit Wizard 
 
 
   These changes will take effect immediately... 
      Are you sure (y/n)? 
  Select a letter to choose an item, <ESC> for the prev menu, 'Q' to quit wizard 
 

16. Press 'X' to save the changes and exit the wizard.   When prompted with "These changes  
will take effect immediately... Are you sure (y/n)?", press 'y' and ENTER.  There is no 
need to power up the iNET radio. Note that these settings are saved and you do not need 
to reset them when powering up the radio unit again.  

17. Press ESC to return to the Main Menu.  

18. From the Main Menu, press 'B' to select Network Configuration. This is needed if you  
want to set an IP connection to the radio unit (recommended). Ethernet port is needed if 
you are using an IP Interface on RTUs and Ethernet port on IP Gateway (MDLC over 
IP). In any case, it is recommended that you set it. 

19. Next press 'G' for IP Address configuration. 

20. In the IP Address Configuration Menu, press 'B' to set the Static IP Address to  
169.254.0.12. 

21. Next press 'C' to set the Static IP subnet mask to 255.255.0.0. It is recommended that all  
units having the same AP (Access Point) be on the same subnet mask.  

22. Press ESC to return to the Network Configuration Menu. 

23. Finally press 'D' and enter the maximum number of remotes. By default this value is 50.   
If the AP has more than that, you must change the value.  
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24. Your configuration of the AP is complete. Return to the Starting Information screen  
(Step 1 above) and repeat all steps with the remote unit. All of the settings/values are the 
same. 

 

MDLC over IP Port 
iNET radios can be configured to work with the MDLC over IP port on ACE3600 RTUs (see 
Configurations 4-7 above.) 

MDLC over IP supports: 

 IP Gateway 4.xx configured with MDLC over IP over Ethernet port. 

 ACE3600 RTU Ethernet port 

 ACE3600 RTU RS232 port configured as MDLC over IP over PPP connected to 
Standard modem. 

When using an RTU with EP Ethernet port, connect the RTU Ethernet port to the iNET 
Ethernet port. The IP Port should be on the same subnet as the iNET. Its Subnet mask and IP 
Gateway should be the same.  The rest of the configuration should be the same as an MDLC 
over IP port (i.e. configuring the port and setting the appropriate baud rate and Link ID, and 
downloading the IP Conversion Table.)  The P Conversion Table is needed to communicate 
with other RTUs connected over PPP or Ethernet. 

The rest of the configuration should be the same as an MDLC over IP port (as above). All IP 
settings are obtained dynamically from the modem when connecting to it.  The RTU PPP port 
should be connected to COM2 on the iNET radio using a computer adapter. The following 
describes how to configure iNET COM2 modem for PPP. 

After configuring the IP Gateway, EPIB for Ethernet, and RTU (for PPP) with MDLC over IP 
port, they can all communicate on the iNET network as if they all reside on a LAN. All routing 
between them is done via the iNET network, and if a LAN is involved, using other routers as 
well. Any RTU can communicate with any other RTU or IP Gateway. A single Link ID should 
be set for all RTUs/ IP Gateways on these ports. 

Note however, that if the MDS radio was connected via External Modem port (serial), or via a 
Terminal Server (e.g. Equinox) over serial port, it is a completely different MDLC 
link/protocol. A different Link ID should be set in the RTU/IP Gateway when using this 
configuration. If both coexist on the same iNET network, each should have its own Link ID 
with MDLC network configuration downloaded to all units. 

Use the iNET radio programming software to program the AP (Access Point) and then the 
remote with the following settings.   

Note: 

 Radio firmware should be 4.4.0 or above. 

 IP Address refers to the Ethernet port IP and not the “over the air” IP. 

The following shows Access point configuration for MDLC over IP but it is exactly the same 
for Remote. 
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The initial screen is as follows: 

 MDS iNET 900 
  Starting Information Screen 
  -==================================================================- 
 
    Device Mode:   Access Point 
 
       Device Name:   AP Demo Set I 
 
       Network Name:  Demo Set l 
 
 IP Address:   169.254.0.12 
 

Device Status:   Operational 
 

     Uptime:     01 hrs, 51 min 
 

Firmware Version: 4.4.0 
 
Hardware Version:  1.0.3 
 

  Serial Number:   1069975 
 
   Press 'G' to go to Main Menu 
 

1. Press 'G' and the Main Menu will be displayed. 

2. Press 'B' and the Network Configuration Menu will be displayed.   

3. Press 'G' for IP Address configuration. 

4. In the IP Address Configuration Menu, press 'B' to set the Static IP Address to  
169.254.0.12. 

5. Next press 'C' to set the Static IP subnet mask to 255.255.0.0. It is recommended that all  
units having the same AP (Access Point) be on the same subnet mask. 

Note that the Static (sub)Net Mask and Static IP Gateway addresses should be the same  
as those of the IP Gateway and EPIB. Their IP Address should be on the same subnet. 
For example 169.254.0.100 for an IP Gateway address of 169.254.0.012 is suitable. 

Also note that when using PPP it is recommended to have the IP Address of PPP on the  
same subnet, for example 169.254.0.13. See Configuring for PPP below. 

6. Press 'E' to commit changes.  Press ESC to return to the Network Configuration Menu. 

7. Finally press 'D' and enter the maximum number of remotes. By default this value is 50.   
If the AP has more than that, you must change the value.  
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8. Your configuration of the AP is complete. Return to the Starting Information screen  
(Step 1 above) and repeat all steps with the remote unit. All of the settings/values are the 
same. 

Configuring for PPP 
9. From the Main Menu, press 'D' and the Serial Gateway Configuration Menu will be  

displayed. 

10. Press 'D' to enable COM2 (if not enabled). SPACE to cycle between Enabled and  
Disabled. COM2 should be Enabled and COM1 Disabled. Press ENTER once Enabled is 
shown. 

11. Press 'E' and the Serial Configuration Wizard will be displayed.  This wizard will assist  
you in the configuration of your available Serial Data Ports. 

12. Press 'A' to begin the Wizard and the IP Protocol selection menu will appear.   

13. Select the IP Protocol you would like to use.  The following modes are supported: 

 TCP - to be used as a Terminal Server. (IP Gateway does not support this option.) 

 UDP - to be used as External Modem. 

 PPP - to be used as PPP port (same as Ethernet). 

Press 'C' to select PPP. 

14. The wizard will prompt you to change the value of the IP Address.  Press 'A' and enter  
the Remote IP Address.  This is the address that is uniquely assigned to the RTU.  It 
should be different from the other addresses used in the iNET network and in the LAN (if 
connected to LAN).   

A good scheme is to add 1 to the Static IP Address set in the Network Configuration  
screen above.  For example, if the address 169.254.0.12 was assigned to the iNET 
Ethernet port, the PPP would be assigned 169.254.0.13.  Both addresses reside in the 
same subnet 255.255.0.0 as was set in the Network Configuration.  When using a PPP 
port, two IP addresses are set for iNET, one for the Ethernet port, and another (on the 
same subnet) for PPP.  It is recommended to make those addresses consecutive where 
possible. 

15. Press 'B' and the Data Baud Rate screen is displayed.  

16. Select the baud rate according to the RTU, e.g. 'D' for 9600. 

17. Next press 'G' to select the 8N1 hardware configuration. 

18. It is recommended to have Hardware Flow Control on the serial port enabled.  When  
prompted, press 'A' to enable Hardware Flow Control.   

19. When prompted to select the Serial Packet Mode, press 'A' to use the default value  
(Seamless Mode.) 

 

The settings for the COM2 Serial Data Port should appear as follows: 
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  Serial Configuration Wizard 
  -==================================================================- 
     COM2 Serial Data Port 
 
  A) Status        enabled 
  B) IP Protocol     Point to Point Protocol (PPP) 
  C) Device IP Address  169.254.0.13 
  D) Data Baud Rate      9600 
  E) Configuration         8N1 
  F) Flow Control         enabled 
  G) Serial Mode        Custom 
  H) Custom Inter-Frame Delay 4 
  I) Custom Data Buffer Size   64 
 
 
 
 
 
  Select a letter to choose item, <ESC> for the prev menu, 'Q' to quit wizard 
 

20. Press 'X' to save the changes and exit the wizard. There is no need to power up the iNET  
radio. Note that these settings are saved and you do not need to reset them when 
powering up the radio unit again. 

21. From the Serial Gateway Configuration, press ESC to return to the Main Menu.  

Your configuration of the PPP is complete. 

RTU Configuration 
The RTU port is configured using the ACE3600 STS.  

Site Configuration 
Procedure 21-30 How to Configure the ACE3600 Port for the iNET 900 Radio 

In the ACE3600 STS click on the desired site, and open the site view.   

2. In the Port Tab, click on the on-board or plug-in port through which the RTU will  
communicate with the iNET radio.   

3. Confirm that the port parameters and data speed are as shown in the screen below.   
Note: If the baud rate of the radio is not the default value (9600), the baud rate of the port 
should be configured accordingly. 

4. Define desired links. 

5. Save the changes.  
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Figure 21-53  RTU Site Configuration for iNET Radio– External Modem Port 
Port Type Parameters  

 

 

Figure 21-54  RTU Site Configuration for iNET Radio– MDLC over IP Port 
Port Type Parameters  

 

 

Figure 21-55  RTU Site Configuration for iNET Radio– MDLC over IP Port 
Advanced Link Layer Parameters  

 

IP Conversion Table 
Prepare an IP Conversion Table and download it to the RTU. The IP Address of the RTU is the 
one assigned by the iNET 900 to the RTU, referred to as Remote IP Address in Configuring for 
PPP above.  This IP address can be retrieved using the ACE3600 STS SW Diagnostics & 
Loggers utility in Device LIN1L, level 0. 
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Verify that the connection succeeded using the SW Diagnostics & Loggers utility.  In Device 
LIN1L, level 101, make sure that the "State of configuration task" field is set to "connected and 
registered". This may take between 30-60 seconds. 
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MDS Radio Installation Kit 
The MDS installation kit (V152AK/FLN3853A) enables the user to install the 9810 Spread 
Spectrum, 9710A- 900 MHz and 4710 UHF Transceiver radio modems in ACE3600 Remote 
Terminal Units (RTU).  The kit includes a bracket and cables. 

Installation 
The MDS radio can be mounted on the ACE3600 RTU as follows: 

Procedure 21-31 How to Install the MDS 900 Radio on the Metal Chassis 

1. Connect the radio to the bracket provided in the Hardware Kit (#0789971V39 from 
FHN7066A) using the four screws, supplied with the bracket. (See Figure 21-56 below.) 

 

Figure 21-56 MDS Radio Mounted on Metal Bracket - Front and Rear View 
 

2. Connect the communication cable (FKN8513A) to the 25-pin connector on the side of the 
radio and tighten the screws.  
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3. Insert the DC power cable (FKN8510A) connector into the DC power connector on the 
radio. 

4. If the RTU is to be installed inside an enclosure, screw the antenna cable (FKN8509A) 
into the antenna connector on the radio.  Otherwise, an external antenna can be connected 
directly to the antenna connector on the radio. 

5. Mount the bracket (#0789971V39 from FHN7066A) on the RTU chassis above the I/O 
modules, using the four built-in screws.  (See Figure 21-57 below.) 

6. Route the antenna cable (FKN8509A) cable through the small wire clamps along the left 
side edge of the RTU chassis, according to the placement of the radio on the chassis, as in 
Figure 21-57 and Figure 21-58.   

7. Unscrew the nut and locking washer from the N-type connector at the other end of the 
antenna cable.  Thread the end of the cable through the opening on the bottom of the 
enclosure and screw on the nut and locking washer from outside the enclosure.   

8. Connect the other end of the DC power cable (FKN8510A) to the AUX1A/B connector 
on the RTU’s power supply module. 

9. Connect the other end of the communication cable (FKN8513A) to the ACE3600 CPU 
module port configured for the radio.  See RTU Configuration below. 

10. Connect the antenna cable to an external antenna.   
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Radio  

 

Radio 
Bracket  
(FHN7066A) 

Power Supply CPU  

Figure 21-57 MDS Radio Modem Installed on ACE3600 Chassis 
 

 

Radio 

Antenna 
Cable 
(FKN8509A) 

Power 
Cable 
(FKN8510A) 
Signal 
Cable 
(FKN8513A) 

Figure 21-58 MDS Radio Modem Installed on ACE3600 Chassis – Cable Connections 
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RTU Configuration 
The RTU port is configured using the ACE3600 STS as follows:  

Procedure 21-32 How to Configure the ACE3600 Port for the MDS Radio 

1. In the ACE3600 STS click on the desired site, and open the site view.   

2. In the Port Tab, click on the on-board or plug-in port through which the RTU will 
communicate with the MDS radio.   

3. Confirm that the port parameters and data speed are as shown in the relevant screen below.   
Note: If the baud rate of the radio is not the default value (9600), the baud rate of the port 
should be configured accordingly. 

4. Define desired links. 

5. Save the changes.  

 

Figure 21-59  RTU Site Configuration for MDS 9810 Spread Spectrum/4710 UHF Transceiver 
Radio– Port Type Parameters 

 

 

Figure 21-60  RTU Site Configuration for MDS 9710A- 900 MHz Radio– Port Type Parameters 
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MTM800 Radio Installation Kit 
The MTM800 Installation Kit for ACE3600 (FLN4109A) enables the user to install the 
MTM800 mobile radio in ACE3600 Remote Terminal Units (RTU).  Each kit includes a 
bracket, adapter, and cables. 

Installation 
The MTM800 can be mounted on the ACE3600 RTU as follows: 

Procedure 21-33 How to Install the MTM800 Radio on the Metal Chassis 

1. If you choose to attach the MTM800 radio to a plug-in port, attach the radio plug-in port 
from the installation kit (FLN4109A) to the desired opening on the ACE3600 CPU 
module.  For instructions on attaching plug-in ports, see Connecting Plug-In Ports to the 
CPU Module in the CPU Module chapter above.  

2. Connect the 20-pin connector radio signal and power cable (FKN8517A) to the accessory 
connector on the radio. (See Figure 21-61 and Figure 21-62.) 

  

Radio Accessory 
Connector 

Mounting Screws 
(0387839V89) Power 

Connector 

Radio 
Bracket  
(FHN6894A) 

Figure 21-61 MTM800 Radio and Metal Bracket 
 

3. Connect the end of the power cable (FKN8517A) to the radio’s power connector. (See 
Figure 21-61 and Figure 21-62.)  Connect the other end of the power cable to the AUX1A 
or AUX1B connector on the ACE3600 RTU Power Supply unit. (See Figure 21-63.)  
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Radio Accessory 
Connector 

Communication 
Cable  

Radio Power 
Connector 

Power Cable 
FKN8517A 

Antenna 
Adapter 
Connector 

Radio  

Figure 21-62 MTM800 Radio Cable Connections 
 

4. Connect the communication cable (FKN8516A) to the end of the power and signal cable 
using the attached screws (FKN8517A). (See Figure 21-62.) Place one Fair-Rite soft ferrite 
(#7683477X01 from the supplied ferrite kit FHN7007A) on the cable near the bottom of 
the CPU door, loop the cable one turn around it, and clamp the ferrite on the cable.  
Connect the other end of the communication cable to the plug-in port of the ACE3600 
CPU.  

5. Mount the MTM800 radio onto the metal bracket (#0789422V45) using the two supplied 
radio mounting screws from kit FHN6894A, # 0387839V89 on the top and bottom of the 
radio. (See Figure 21-61, Figure 21-62 and Figure 21-63.) 

6. Connect the antenna cable (FKN8430A/FKN8437A*) to the antenna adapter connector on 
the radio and to the opening on the bottom of the ACE3600 housing using the appropriate 
bushing. (See Figure 21-63.)  Mount the complex (bracket and radio) on the RTU chassis 
above the CPU and I/O modules, using the four built-in screws. (See Figure 21-63.) 

                                                      
*  Antenna Cable provided may be either FKN8437A (with UHF connector plus antenna adapter 
5871143Y01) or FKN8430A.   
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Power Cable 
(FKN8517A) 

  

Metal Bracket 
(FHN6894A) 

Radio Mounting Screws 
(#0387839V89) 

Antenna Cable  
(FKN8430A/ 
FKN8437A) 

MTM800 
Radio 

Power Supply Communication 
Cable  
(FKN8516A) 

CPU  
Figure 21-63 MTM800 Radio Installed on ACE3600 Chassis 

 

RTU Port Configuration for the MTM800 Radio 
To enable MDLC communication using MTM800 radios (for packet data only), use the 
ACE3600 STS site configuration utility to configure the ACE3600 RTU plug-in port 
connected to the radio.   

The figure below shows the port configuration and advanced parameter configuration.  
Although this shows Port PI1, the same values can be applied to other serial or plug-in ports, 
where relevant.  

Port Type 
Procedure 21-34 How to Configure the ACE3600 Port for the MTM800 Radio 

1. In the ACE3600 STS, click on the desired site, and open the site view.   

2. In the Port Tab, click on the on-board or plug-in port through which the RTU will 
communicate with the MTM800 radio.   

3. Confirm that the port parameters and data speed are as shown in the screen below. 
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4. Define desired links. 

5. If you plan to synchronize the RTU time using an NTP server, use a DNS server, or use 
third party protocols, specify these with the relevant information for your system. 

6. Save the changes.  

Advanced Parameter Configuration 
The STS provides default settings for advanced port parameters for use with the MTM800.  
These settings should be used. 

Programming the MTM800 Radio using CPS 
Before connecting a MTM800 radio to an ACE3600 RTU, the radio should be programmed as 
necessary for packet data.  For this purpose, use the CPS which can be ordered with the radio 
or bring the radio to the Motorola Service Center.   
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Mounting the ACE3600 Radios on a Wall 
ACE3600 radios can be mounted on a wall near the ACE3600 frame/housing, using a special 
metal bracket.  This bracket is part of the specific radio installation kit and must be ordered. 

80

75

P/N:0789422V45

17
9.

8

223

  

145
80

P/N:0789422V4175
18

2.
5

250    

CM/EM/GM/CDM750 Bracket              XTL5000/XTL2500 Bracket 
74

16

 

GP/HT/PRO Bracket  
Figure 21-64  Radio Wall Mount Brackets 

 
Procedure 21-35  How to Mount a Radio on a Wall 

The following installation procedure should be followed to install radios on a wall near the 
ACE36000 frame.  A special wall mount bracket is provided with the radio installation kit, 
which can be ordered separately from the frame.  Allow extra space around the bracket for the 
radio and wires. 

1. Drill four holes in the wall at the horizontal and vertical distances (in mm) shown in 
Figure 21-64 for the desired radio wall mount bracket, at the desired angle/orientation. 

2. Place the bracket on the wall, lining up the bracket holes with the drilled holes. 
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Radio Types and Installation Kits 

21-84 

3. Insert four M3 Phillips 10mm screws (not supplied) into the holes and tighten with a 
screwdriver to secure the bracket firmly against the wall. 

4. Attach the radio to the bracket using the supplied screws.  
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RS485 CONNECTION BOX 

General Description 
The RS485 Connection Box (V186AD/FLN3641A) provides an interface to up to seven RS485 
connections.  (See Figure 22-1.) 

MOTOROLA

RS485     HUB

RS485 Port 1

RS485 Port 2

RS485 Port 3

RS485 Port 4

RS485 Port 5

RS485 Port 6

RS485 Port 7

 

Figure 22-1  RS485 Connection Box – Front Panel 
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RS485 Connection Box 

22-2 

Installation 
The RS485 Connection Box can be easily installed on the RTU chassis.  

Mounting the RS485 Connection Box on the RTU Chassis 
1) To connect the plastic box interface to the metal chassis, place the box on the metal plate 

and click the two pegs on the back of the plastic box into the desired holes on the metal 
chassis.   

Wire Connections 
1) To interface to an RTU, connect the communication cable (FKN8427A) between the 

connection box input port and the ACE3600 RS485 port.  

2) To interface to an external device, connect the communication cable (FKN8427A) between 
the connection box port and an external RS485 modem with an RJ45 connector. 

MOTOROLA

RS485 HUB 

 

Figure 220-2  RS485 Connection Box – Wire Connections 
 

                                                      
 For connection to MOSCAD port, use FKN8527A.  See Appendix C. 
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AUDIO CONTROL AND TONE (ACT) MODULE 

Introduction 
The Audio Control and Tone (ACT) module (V155AE/FLN3851A) serves as a player of 
recorded voice and alarm sounds in ACE3600 based alert systems. The ACT module also 
routes low-level sound signals to high-level amplifiers. The high-level sound can be directed to 
specified alert speakers in a set of six speakers, mounted in different locations. 

The ACT module contains an internal audio memory that allows custom tones or audio sounds 
to be recorded and stored in the ACT module. Recording of audio may be done directly from a 
low-level output source (tape recorder, laptop or radio output). 

Front Panel Description 
The ACT module is enclosed in a compact plastic box.  See the ACT module below. 

                                                                  

  

High-level Audio Inputs (amplified audio from a power 
amplifier) - Normally Open and Normally Closed (C). 
High-level Audio Outputs 1-6 (Speakers 1-6). 
LEDs - Indicate the number of signals that are manually 
recorded (up to eight). 
Record pushbutton - Used for manual recording. 
Low-level Audio Output - Marked as SIG OUT and GND. 
Low-level Audio Input - Marked as SIG IN and GND.  
COM OUT port - an extension of the COM IN RS232 port 
and can be routed to any serial interfaced device (For 
example, serial dot matrix printer). 
COM IN port - an RS232 communication interface port to the 
ACE3600 CPU. This line is used by the RTU for controlling 
the unit. 
Power inlet - Connected to a DC supply voltage source of 9 
to 16 VDC (the AUX port on the ACE3600 power supply). 

 

 
         Figure 23-1  ACT Module – Front Panel 

 

ACT Module Features 
The ACT module features are described below: 
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 Controlled by the RTU via an RS232 serial port using a simple instruction set. 

 Digitally records audio signals (alarm tones, voice announcements, etc). 

 Plays stored audio signal. 

 Interface to an external low-level audio signal source (microphone, radio audio out, 
etc.). 

 Interface to input of one audio amplifier and up to two outputs of audio amplifiers. 

 Connects to up to six speakers. 

 Selective output to any combination of six speakers. 

 Routes the audio signals from the amplifier(s) output to selected speakers. 

 Routes data coming from the RTU to a serial printer to allow printing of information 
by alternative use of the RTU serial port. 

The ACT module block diagram is shown below: 
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Figure 23-2  ACT Module – Simplified Block Diagram  
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Audio Handling Capabilities 
The ACT module has built-in hardware which records and stores audio signals by digitizing the 
signal from an audio source connected directly to the module’s low-level audio input. The 
module can play these pre-recorded audio signals once or repeatedly. 

To facilitate the recording process, audio signals may be formed or saved in "WAV" file format 
on a PC (or on any other audio format provided it can be played by a PC) and then downloaded 
to the module through the PC audio out. 

The module’s total recording capacity is 240 seconds. As default, the recording space is 
divided into eight "cells” (each of which holds up to 30 seconds). The number of cells is 
configurable and can be set to 1, 2, 4, 8, 16, 30 and 60. 

NOTE: Recording will automatically terminate 2 seconds after the module detects silence. 
Recording will also be stopped when the "cell" has run out of recording capacity. 

The module’s low-level audio input also enables the connection of an external low-level audio 
source (such as a radio audio output) for direct routing to an audio amplifier. Thus the audio 
routed to this output can be either a pre-recorded audio signal or an external source, connected 
to the low-level audio input. 

Two high-level audio inputs are used to route amplified audio signals into the module. The 
ACT module has six high-level audio outputs that can be routed to selected speakers. 

Interface to the RTU 
The ACT module interfaces to the RTU via an RS232 port, marked as COM IN. The 
communication with the RTU is based on an 8-bit code protocol. 

The ACT module also enables the RTU to have more than one use for its RS232 port. The 
application on board the RTU may select its serial port connected to COM IN to control the 
ACT module or to send data to COM OUT. This is very useful for connecting a dot matrix 
printer to the RTU without requiring an additional serial port which could necessitate the 
another CPU. 

The destination of the serial data sent to the COM IN port is selected via the following 
mechanism: 

 Set DTR signal "Off" – Data is routed to COM OUT. 

 Set DTR signal "On" – Data protocol controlling the ACT. 

The ACT module operates on 9 to 16 VDC, usually supplied by the RTU's auxiliary power 
supply. 

An RTU application program controls the ACT module via a user port using an 8-bit 
instruction set. 

The ACT module returns simple 8-bit codes as a response to instructions. 
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The instruction set is comprised of the following set of operations: 

 Play 

 Repeat Play # times 

 Stop - Play 

 Enable low-level Audio Output 

 Disable low-level Audio Output 

 Configure the number of recorded signals (cells) 

 Record 

 Report Status 

 Connect/Disconnect Speakers 

For the ACT module instruction set, see ACT Instruction Set below. 
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Installation and Wiring 
The ACT can be installed in various locations on the RTU chassis (mounted on holes prepared 
for installation). 

Note: Connect the ACT to the High Power Audio Amplifier only via the Isolation Board - 
FCN6294A (connected to the SIG IN/SIG OUT connector). 

Procedure 23-1  How to Install the ACT Module  

1) Place the ACT module on the metal plate and click the two pegs on the back of the plastic 
box into the desired holes on the metal chassis.  

2) Connect one end of the power cable (FKN8433A) to the PWR connector on the ACT 
module.  Connect the other end of the cable to the one of the AUX connectors (configured 
to 12V) on the ACE3600 power supply module. 

3) Connect one end of the communication cable (FKN8427A) to the COM IN port on the 
ACT module.  Connect the other end of the cable to the RS232 port on the ACE3600 CPU. 

4) To use high-level audio speakers, connect up to six speakers to the High-Level Audio Out 
(1-6) relays on the top of the ACT module front panel.  See Figure 23-3 below. 

5) To enable playing prerecorded tones, connect the input of the first high power audio 
amplifier to the SIG OUT/GND connectors, using the Isolation Board (FCN6294A).  
Connect the output of the amplifier to the Normally Open connector on the top left corner 
of the ACT module front panel.  See Figure 23-3 below. 

6) To enable radio voice channel audio (low level signal), connect the external speaker of the 
voice radio to the SIG IN/GND connectors, using a simple wire cable (can be shielded).  
See Figure 23-3 below. 

7) To add a second high power audio amplifier for local microphone, connect the output of 
the second amplifier Normally Closed (C) connector on the top of the ACT module front 
panel.  Also connect the output of the second amplifier to the output of the first amplifier.  
See the warning in Figure 23-3 below.  

8) To use a local microphone (low-level audio signal), connect the microphone to the second 
amplifier. 

9) To attach a dot matrix printer or other serial device, connect the device to the COM OUT 
connector on the ACT module using a data cable (with connector adaptors as necessary.)  
See Figure 23-3 below. 
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ACT Module

6
4
2

AUX Power

To printer or any serial device

Use dot matrix
Printer Only

Six Speakers / Zones

ACE3600 RTU

High level AUDIO OUT

Low-level audio
signal from radio

Output
Input

Output
Input

High power
audio amplifier

High power
audio amplifier

Low-level
audio signal

G1     G2

Communication Line

High level AUDIO OUT

See Warning

Warning! Usually, when two amplifiers
are connected to the ACT module, the
"common" outputs are joined by one
wire (see wire connected between G1
and G2 points in the picture). Avoid
using amplifiers with "double push-
pull" output. Such amplifiers may be
damaged if connected this way.

 

Figure 23-3  ACT Module – Wiring Diagram 
 

Table 23-1 ACT Module Communication Ports Connection Chart 
 

COM IN COM OUT 

RxD - In  1 TxD 

TxD - Out  2 RxD 

DTR - Out  3 CTS 

GND  4 GND 

RTS - Out  5 CD 
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CD - In  6 RTS 

Not Used  7 Not Used 

CTS - In  8 DTR 

RTU Port Configuration 
Before using the ACT module with the RTU, configure the communication port to which the 
ACT module is connected. 

Procedure 23-2  How to Configure the ACE3600 Port for the ACT Module  

1) In the ACE3600 STS click on the desired site, and open the site view. 

2) In the Port Tab, click on the on-board or plug-in port through which the RTU will 
communicate with the ACT Module. 

3) Set Media to RS-232, Operation Mode to Async, Connection Type to User Port (Ladder 
Controlled). 

4) Save the changes. 

Generally no other changes are required to Advanced Physical or Link Layer parameters.  For 
information on the RTU port parameters, see Appendix A: Site Configuration Parameters of 
the ACE3600 STS User Guide. 
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Controlling the Module 
The RTU (or PC) is interfaced to the ACT via the RS232 port. The communication parameters 
of the RTU (or PC) port must be set to: 9600 BPS, 1 stop bit, no parity. 

The ACT is operated using a simple instruction set. Each instruction must be sent twice. If the 
second instruction sent does not correspond to the first, that instruction is rejected. When the 
ACT recognizes a valid instruction, it echoes an acknowledgement. While the module is 
playing a stored audio signal, the instructions should be sent only once. 

ACT Instruction Set 

Instruction Code Description 

Play Signal #  “01XXXXXX” 

(XXXXXX=1 - 60) 

Plays recorded audio signal number #. 

The recorded audio is played into the low-level Output. 
The low-level Output is disabled. Example: Play 
signal 6 = "01000110” 

Record Signal # 10XXXXXX 

(XXXXXX=1-60) 

Records audio signal number #. 

Example: Record signal 6 = “10000110” 

Connect/Disconnect 
Speakers 

11X5X4X3X2X1X0 

Xn= Speaker n (n=0-5) 

0= disconnect 

1= connect 

Connects or disconnects speakers. 

Repeat the Played 
Signal #  times 

001XXXXX 

XXXXX=1-31 

Repeats playing the audio signal # times. 

Note: This command can be instructed and performed 
only while the unit plays a signal.   

Example: Repeat playing the played signal 4 times = 

“00100100” 

Stop Play “00011111” Stops the played signal. 

Enable Low-level 
Audio Output 

“00100000” Low-level Audio Input is routed to Low- Audio Output

Disable Low-level 
Audio Output 

“00000000” Low-level Audio Output is disabled (no audio is routed 
to the output). Played signal is stopped. 

Configure the 
number of recorded 
signals  

“000XXXXX” 

XXXXX=1,2,4,8,15, 30 

N=2*(XXXXX) 

Configures the number of different signals that can be 
recorded to n= 2, 4, 8, 16, 30, 60 

Example: Set to 16 signals = “00001000” 

One signal “00000011” Configures the number of recorded signals to only one. 

Report Status “01000000” Use this command to interrogate the ACT. The ACT 
then returns the following 4 byte sequence with the 
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module status: 

Byte 1: Instruction Echo (“01000000”) 

Byte 2:  

   Bit 0-5 = Speaker status (0=disconnect) 

   Bit 6 = Play status (1 = play) 

   Bit 7 = Low-level Audio Output status  

   (1= Low-level Input routed to Low-level Out) 

Byte 3: Possible number of recorded signals 

Byte 4: The number of recorded audio signal that is 
currently playing (will be reported only when a signal 
is played.) 

 

Response to Instructions 
The ACT acknowledgements are the 8-bit codes described below: 

Response Code Description 

Record completed “01111110” Recording has been completed. 

Play started “10000000” Signal is currently being played. 

Play completed “01111101” Signal play has been completed. 

Instruction 
inconsistency 

“01111111” Instruction was not the same as the first one 
(when not playing); the instruction is not 
performed. 

Instruction time out ”01000000” Instruction received only once, (when not 
playing); the instruction is not performed. 

 

Recording Audio Signals 
Manual recording enables the recording of up to eight audio signals using the pushbutton (PB) 
and LEDs on the ACT unit front panel.  Follow the steps below to record audio from 
PC/Laptop/Recorder: 

Procedure 23-3  How to Manually Record Audio Signals 

1) Connect the "Speaker Out” of the PC/Laptop/Recorder to the "Audio In” port (Use Mono 
adapter if needed). 

2) Pause the audio and tune the volume to approximately ¾ of full scale. 

3) Press the PB for more than two seconds; all four LEDs will light up. 
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4) Press the PB to select the audio cell (from a selection of eight) to which you want to 
record. (The audio signal number is displayed as a binary number represented by four 
LEDs). 

5) Start playing the audio. The unit will identify the input as audio and start recording. 
The LEDs will start to blink and will stop when audio input ceases (or when the maximum 
recording time has elapsed). 

6) Repeat steps 4 and 5 to record additional audio signals (up to eight). 

7) When recording is completed, all the LEDs will turn off. 
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Audio Control and Tone (ACT) Module 

23-12 

ACT Module* Specifications 

General  

Operation Voltage 9 to 16VDC 

Power Consumption Refer to Appendix D: ACE3600 Maximum Power Ratings. 

Dimensions (H x W x L) 25mm x 95mm x 115mm (1” x 3.6” x 4.5”) 

Operating Temperature -30º to +60º C (-22º to +140ºF) 

Relative Humidity 0-95% @ 50° C without condensation 

User Connection  

Power connector Molex 2 pin with polarity 

COM IN RS232 Phone 8-pin 

COM OUT RS232 Phone 8-pin 

Low-level Audio In/Out 4 screw TB connector 

High-level In/Out 8 screw TB 

Audio  

Low-level Audio Input 0.8 to 1.5 Vp-p, 300-3300 Hz, Minimum 50 kW ±10%  
input impedance – 4.6KV isolated. 

Low-level Audio Output 1Vp-p ±60% - 4.6KV isolated, via Isolation Board. 

High-level Audio Input Maximum 30 VAC RMS, 0.5A RMS 
Maximum 0.05 W-output Impedance 
Minimum signal: 100 mV, 100 µA. 

High-level Audio Output 30 V RMS, 0.5 A RMS maximum per one output 

EMC  

Electrostatic Discharge IEC 1000-4-2, level 3 

Radiated Electromagnetic 
Field 

IEC 1000-4-3, level 3 

Electrical Fast Transient / 
Burst 

IEC 1000-4-4, level 3 

Radiated Emission EN55022 

Specifications subject to change without notice. 

                                                      
* The ACT module is not compliant with RoHS European Directive no. 2002/95/EC. 
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CONFIGURATION 

General 
For information on setting the 12V DO dip switch in the DO relay module board, see the 
Digital Output Relay Module chapter above.   For information on setting the 12V DO dip 
switch in the DO relay 120/230V module board (for EE relays only), see the Digital Output 
Relay 120/230V Module chapter above. 
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OPTIMIZATION 

General 
No optimization is required for the ACE3600 units. 
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OPERATION 

General 
The operational functions of the ACE3600 unit are performed using the ACE3600 System 
Tools Suite (STS).  These are administrative and diagnostic tasks, generally performed by 
technicians and administrators.  The functions available depend on the specific software 
applications installed in the unit. 

Opening/Closing the Housing Door 
For instructions on opening and closing the housing door and locking the door with the 
optional padlock accessory, see the Opening/Closing the Housing Door section in the 
Installation chapter. 
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MAINTENANCE 

General 
The following maintenance procedures are recommended for the ACE3600 RTU. 

Lead Acid Battery Maintenance 
It is recommended to perform the following maintenance procedures for the lead acid battery 
using the ACE STS Hardware Test utility or the user application program: 

 Once per month - run a full battery test (battery capacity) of the lead acid battery. 

 Once per day - read the charge level of the lead acid battery. 

If the capacity is below the manufacturer recommended level, replace the battery.  See the 
Power Supply Module and Backup Battery chapter above. 
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TROUBLESHOOTING 
 

Symptom Action  

The PWR LED on the 
CPU/expansion module front panel 
is not lit. 

Check power connections to the unit.   

If all connections are correct, check cables. 

The PWR LED on the 
CPU/expansion module front panel 
is solid red. 

The CPU/expansion module has received an error 
from the power supply (AC fail, Bat Error, etc.) or 
fails to recognize the power supply.  Check the AC 
power supply, backup battery, etc. 

The PWR LED on the 
CPU/expansion module front panel 
is flashing red. 

The boot did not complete and the FPGA is not 
loaded. Download a new system to the unit. 

The ERR LED on the CPU module 
front panel is red (or the MERR 
LED on the expansion module is 
red.) 

The unit has a problem.  Check the Error Logger to 
read error message. 

Note: If there are many errors logged about lost 
frames, check the expansion Ethernet SPD LED to 
make sure that the LAN is working at 100Mb. 

The ERR LED on the CPU module 
front panel is orange (or the MERR 
LED on the expansion module is 
orange.) 

The unit has a warning.  Check the Error Logger to 
read warning.  

The ERR LED on the CPU module 
front panel is green (or the MERR 
LED on the expansion module is 
green.) 

The unit has a message.  Check the Error Logger to 
read message.  

The APPL LED on the CPU 
module front panel is red.  

The user application is not running.  Check the Error 
Logger to read error. 

The APPL LED on the CPU 
module front panel is blinking 

The user application is running for more than 1.2 
seconds continuously.  Check the application. 

The CONF LED on the CPU 
module front panel is red (or the 
MCNF LED on the expansion 
module is red.) 

There is a configuration error (such as an 
incompatible plug-in or mismatch between a physical 
I/O module and the I/O configuration for the frame.)  
Check the Error Logger to read error. 

RTU startup fails and some/all of 
the four user LEDs are lit. 

Check the four LEDs for the binary error code, as 
described in Table 4-3, and act accordingly. 

Startup of expansion module fails 
and some/all of the four EXP 
ADDR LEDs are lit. 

Check the four Exp Addr LEDs for the binary error 
code, as described in Table 16-2, and act 
accordingly.  
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Symptom Action  

The MCOM LED on the expansion 
module is red or blinking green. 

The expansion module is in the process of loading, 
initializing, or registering.  Wait a few seconds until 
the LED is solid green for the module to be 
connected to the main CPU. 

If the LED continues to blink red slowly, the 
expansion module has failed in the discovery process 
with the main CPU.  This could be related to one of 
the following causes: 

 The main CPU is not fully powered up; 

 A cable between the main and expansion frame 
(perhaps via the expansion LAN switch) is not 
connected properly; 

 The rotary switch on the expansion module is not 
set correctly;  

 The expansion frame is not defined in the site 
configuration. 

The MCNF LED on the expansion 
module is flashing green after 
having been solid green (i.e. after 
connection to main CPU was 
established.) 

The Expansion module is disconnected from the 
main CPU.  Check cable connections. 

The ERR LED on the expansion 
LAN switch front panel is red. 

The switch was unable to configure itself upon 
startup or it has lost communication with the main 
CPU module.   

Check the Error Logger to read error message.  The 
switch may need to be replaced. 

The communication LEDs on the 
expansion LAN switch front panel 
are not lit. 

Check if the Ethernet cables are connected properly.  
Check if the CPU on the main frame and the 
expansion modules have the proper power. 

The power supply is connected to 
power sources and there is no 
power in AUX1 and/or AUX2. 

Check if the AUX connectors are off due to STS 
Hardware Test or user application.   

 

If not, check if the fuse associated with the AUX is 
burned out and should be replaced.  (One fuse for 
AUX 1A/1B and another fuse for AUX 2A/2B.)  See 
Break-Fix Procedures chapter. 

No communication with WAN, IP 
Gateway.  

Check the unit’s connection to the Ethernet.  

The power supply is on, but certain 
I/O modules are off. 

If the I/O modules are DO EE relays, check if the 2-
pin TB is plugged into the 12VDO connector on the 
main power supply. 
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Troubleshooting 

28-3 

Symptom Action  

The DO EE relays are connected to 
the main power supply and the 2-
pin TB is not plugged into the 
12VDO connector on the main 
power supply, but the DO EE 
relays are enabled. 

Check the position of the dip switch on the DO EE 
relays.  For more information, see the Digital Output 
Relay Module chapter above. 
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BREAK-FIX PROCEDURES 

General 

 

This chapter refers only to replacement of removable modules, plug-ins, motherboard, 
power supply fuses, and backup battery.  If any other components in the unit require 
replacement, contact your local service center.   

Before replacing modules or plug-ins, see safety issues/warnings in the Installation 
chapter above. 

Note: A TORX screwdriver is required for component replacement.  A Philips 
screwdriver is required for assembling the TB holder and a flat screwdriver is required 
for setting the code key pin. 

For information on installation of the frame/housing on the wall, see the Installation chapter 
above. 

The ACE3600 has a hot swap capability, which means that the modules can be removed from 
their slots and inserted without powering down the unit.  The only exception to this rule is the 
main power supply module, which cannot be removed during normal operation.   See 
Replacing a Power Supply Module below for details. 

If a module is inserted once the system is running, the system will recognize the module, but 
will not operate it using the application until the unit has been rebooted. 

Replacing a CPU/Gateway Module 
Procedure 29-1  How to Replace a CPU/Gateway Module 

1. To replace a CPU module, open the door of the CPU module and press the cable holder 
downward.  

2. Disconnect all cables from the connectors. 
3. Simultaneously press on the tabs on the top and bottom of the plastic front of the old 

module, and pull the module from its slot.  See Figure 29-1. 
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Press Down on 
Module Release Tab

Press Up on Module 
Release Tab  

Figure 29-1  ACE3600 Module Release Tabs 

4. Remove any SRAM plug-in memory from the old CPU module and plug in to the new 
CPU module. 

5. Slide the new module all the way into the slot until the tabs click into place. 
6. Reconnect the cables and press the cable holder back up into place. 

Replacing a Power Supply Module 

 

METAL PARTS OF THE POWER SUPPLY MAY BE VERY HOT. 
After removing the power supply module, allow the metal parts to cool down before 
servicing the unit. 
 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 864 of 1072



Procedure 29-2  How to Replace a Redundant/Expansion Power Supply Module 

1. To replace the second power supply module in a site which has redundant power supplies, 
or an expansion power supply in an I/O expansion frame, open the door of the power 
supply module and press the cable holder downward. 

2. Disconnect the cables from the connectors. 

3. Simultaneously press on the tabs on the top and bottom of the plastic front of the old 
module, and pull the module from its slot. 

4. Slide the new module all the way into the slot until the tabs click into place. 

5. Reconnect the cables and press the cable holder back up into place. 

The main power supply cannot be removed under power and a safeguard is added in order to 
prevent unplanned removal.  (Note: The dual power supply feature is not currently available.) 

Procedure 29-3  How to Replace the Main Power Supply Module 

1. To replace the main power supply module, open the door of the power supply module. 
2. Press down on the top of the main power cable connector to disconnect the user’s main 

power cable from the cable inlet on the bottom of the power supply module front panel. 
3. Follow steps 1-5 in Procedure 29-2 to replace the power supply. 

Replacing an I/O Module or Expansion LAN Switch 
To replace an I/O module or Expansion LAN Switch, follow the procedure below. 

Procedure 29-4  How to Replace an I/O Module or LAN Switch 

1. If the I/O module includes a TB holder, remove TB holder by pulling on the extractor 
handles.  
If the I/O module does not include a TB holder, remove the TBs by hand or using one of 
the TB extractor tools (FHN7063A) provided with the RTU. 

2. Simultaneously press on the tabs on the top and bottom of the plastic front of the old 
module, and pull the module from its slot. 

3. Remove any plug-in 24V power supplies from the old I/O module and plug-in to the new 
I/O module.  

4. For DO relay modules, reset the 12VDO dip switch, if necessary.  See the Configuration 
chapter. 

5. Slide the new module all the way into the slot until the tabs click into place. 
6. If the I/O module includes a TB holder, reconnect the TB holder as described in the I/O 

Module section.  
If the I/O module does not include a TB holder, replace the TBs on the connectors on the 
front of the I/O module by hand. 
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Inserting a New I/O Module into an Empty Slot 
When the RTU is shipped, a protective rubber cover is inserted into any empty module slots, 
on the mother board connectors. The procedure below describes how to remove this cover from 
the slot and insert a new I/O module onto the RTU frame. 

Procedure 29-5  How to Replace an I/O Module 

1. Grip the protective rubber cover (p/n 1571435Y04) firmly with your thumb and index 
finger.  Gradually ease the cover out of the desired module slot.  

2. Insert the desired I/O module into the empty slot. 

Replacing a Plug-in Port on the CPU Module 
Procedure 29-6  How to Replace a Plug-in Port on the CPU Module 

1. To replace a plug-in port on the CPU module, remove the CPU module from the RTU. 

2. Unscrew the two supporting pins on the other side of the CPU board.  Save the screws. 

3. Unscrew the two supporting pins on the plug-in port. Save the screws. 

4. Connect the two supporting pins with screws to the new plug-in port. 

5. Replace the plug-in board with the RJ-45 connector facing the panel.  Carefully insert the 
plug-in board connector into the appropriate connector on the CPU board. 
For Ethernet 10/100 MB, use the J14 connector on the CPU (Plug-in 1 only.) 
For all other plug-in ports, use the J5 (Plug-in 1) or J6 (plug-in 2) connector. 

6. Connect the two supporting pins with screws to the other side of the CPU board. 

7. Replace the CPU module in the slot. 

Replacing a Plug-in SRAM Memory Card in the CPU Module 
Procedure 29-7  How to Replace a Plug-in SRAM Memory Card in the CPU Module 

1. To replace an SRAM memory card on the CPU module, remove the CPU module from the 
RTU. 

2. Remove the old plug-in SRAM memory card from the board.  
3. Place the new plug-in SRAM memory card with the connector facing the panel.  Carefully 

insert the plug-in board connector into the connector marked P12 on the CPU board. 
4. Secure the memory card to the CPU board with the supplied screw. 
5. Replace the CPU module in the slot. 
For more information, see Connecting SRAM Expansion Memory to the CPU Module in the 
CPU Module chapter. 
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Replacing the Motherboard 
To replace the motherboard of the ACE3600 RTU, follow the procedure below. 

Procedure 29-8  How to Replace the Motherboard 

1. If the unit is installed in a NEMA 4 housing, unscrew the four large screws and remove the 
metal chassis from the housing. 

2. Remove all modules from the outermost slots, generally the power supply module from the 
leftmost slot and I/O module from the rightmost slot.  

3. Unscrew the M5 screws on each side which secure the motherboard to the metal chassis.  
Save the screws.  See Figure 29-2. 

 

 

Figure 29-2  ACE3600 Motherboard on Metal Chassis 

4. From inside the cage, push out the small cover on the side of the RTU cage.  Save the 
cover. 

5. Slide the damaged motherboard out of the cage, through the opening on the side of the 
RTU cage. 

6. Slide the new motherboard into the frame, through the opening on the side of the RTU 
cage. 

7. Secure the motherboard to the cage and metal chassis using the M5 screws saved in step 3. 
8. Replace the cover on the cage. 
9. If the unit was installed in a NEMA 4 housing, replace the metal chassis in the housing and 

screw the four large screws from the metal chassis into the housing. 
10. Replace the modules in their respective slots. 
11. Make sure that the ground is reconnected. 
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Replacing the Fuses on the Power Supply Module for AUX1/AUX2 
or I/O Expansion 

To replace a fuse for AUX1 1A/1B or AUX2 2A/2B on the power supply module, or one of the 
fuses on the expansion power supply, follow the procedure below. 

Procedure 29-9  How to Replace the Fuse for AUX1 1A/1B or AUX2 2A/2B or I/O Expansion 

1. Disconnect the cables from the connectors.  If the faulty fuses are attached to the main 
power supply, press down on the top of the main power cable connector to disconnect the 
user’s main power cable from the cable inlet on the bottom of the power supply module 
front panel.   

2. Simultaneously press on the tabs on the top and bottom of the plastic front of the old 
module, and pull the module from its slot.   

3. Using narrow pliers, remove the faulty fuse from its groove on the board.  For a diagram of 
the fuses in the expansion power supply, see Expansion Power Supply Fuses in the 
Expansion Power Supply Module chapter above. 

4. Press the new fuse into the groove on the board. 
5. Slide the power supply module all the way into the slot until the tabs click into place. 
6. Reconnect the cables as in installation. 
 

Replacing the Backup Battery on the RTU 
For instructions on replacing the backup battery on the RTU, see Replacing the Backup Battery 
in the Power Supply and Backup Battery chapter above. 

Interconnection Diagrams 
All internal electrical connections except for the main power, ground and battery are performed 
in the factory and supplied with the RTU.  The electrical interconnection diagrams are 
provided below. 
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Figure 29-3  Electrical Interconnection (RTUs with I/O slots) 
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Break/Fix Procedures 

29-8 

 

Figure 29-4  Electrical Interconnection (RTUs with no I/O slots) 
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APPENDIX A: GENERAL SPECIFICATIONS 

Specifications 
The specifications below are for the RTU as a whole.  For the individual technical and 
performance specifications of each module in the RTU, see the specific module chapter. 
 

Table A-1 ACE3600 Specifications 

General   

Frames No I/O slots - PS and CPU modules only, wall mount, 
Dimensions (WxHxD): 117 x 209 x 198* mm (4.61" x 5.30" x 7.80"*), 
Weight: 0.95 Kg (2.1 lb) 
 

2 I/O slots - PS, CPU  and 2 I/O modules, wall mount, 
Dimensions (WxHxD): 194 x 244 x 198* mm (7.64" x 9.61" x 7.80"*), 
Weight: approx. 1.6 Kg (3.56 lb) 
 

3 I/O slots - PS, CPU  and 3 I/O modules, wall mount, 
Dimensions (WxHxD): 234 x 244 x 198* mm (9.21" x 9.61" x 7.80"*), 
Weight: approx. 1.9 Kg (4.19 lb) 
 

5 I/O slots - PS, CPU  and 5 I/O modules, wall mount, 
Dimensions (WxHxD): 314 x 244 x 198* mm (12.36" x 9.61" x 7.80"*), 
Weight: approx. 2.4 Kg (5.3 lb) 
 

7 I/O slots - PS, CPU  and 7 I/O modules; wall mount, 
Dimensions (WxHxD): 391 x 244 x 198* mm (15.39" x 9.61" x 7.80"*), 
Weight: 3.0 Kg (6.6 lb) 
 

8 I/O slots - PS, CPU and 8 I/O modules, wall mount OR 19" rack  
Dimensions (WxHxD): 435 x 244 x 198* mm (17" x 9.61" x 7.80"*),  
Weight: approx. 3.3 Kg (7.3 lb) 

 

* Depth including Module panel  

Expansion Frame Number of I/O slots -   3, 5, 7, or 8 

Default power supply -   Expansion power supply 

Compatible power supplies -  All except: 10.8-16V DC low-tier power 
supply 
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General   

Metal Chassis 19" frame metal back - for PS, ACE IP Gateway, radio and 6.5 or 10 Ah 
backup battery, 2 plastics boxes; wall/rack mount,  
OR PS, CPU, radio and 6.5 or 10 Ah backup battery, 0, 3, 5, 8 I/O slot 
frame, up to 2 plastic boxes, wall/rack mount, 
Dimensions (WxHxD): 434.5 x 310.4 x 200* mm (17.11"x 12.22"  x  
7.88"*). 

Large  - for PS, CPU and up to 7 I/O slot frame, two radios and 6.5 or 10 
Ah backup battery, wall mount,  
Dimensions (WxHxD): 448 x 468 x 200* mm (17.64" x 18.43"  x  7.88"*) 

Medium  - for PS, CPU and up to 3 I/O slot frame, one radio and 6.5  Ah 
backup battery, wall mount,  
Dimensions (WxHxD): 335 x 355 x 198* mm (13.19" x 13.98"  x  7.8"*) 

Small - for PS, CPU, 2 I/O slot frame, 1 radio (or 1 plastic box), and 6.5Ah 
backup battery, wall mount, 
Dimensions (WxHxD): 264 x 365 x 200* mm (11.02"x 14.17"  x  7.88"*).   

* Depth including Frame and Module  

Housing Large Nema 4/IP66 painted metal -  up to 7 I/O slot frame, two radios and 
6.5 or 10 Ah, backup battery,  
Dimensions (WxHxD): 500 x 500 x 210 mm (19.7" x19.7" x 8.26" ) 
 

Small Nema 4/IP66 painted metal -  up to 3 I/O slot frame one radio and 6.5 
Ah backup battery,  
Dimensions (WxHxD): 380 x380 x 210 mm (15" x 15" x 8.26") 

Power Supply  10.8-16 V DC low-tier  

10.8-16 V DC (default) 

18-72 V DC 

18-72 V DC with 12V smart battery charger 

100-240 V AC, 50-60 Hz  

100-240 V AC, 50-60 Hz,  with 12V smart battery charger 

10.8-16 V DC Expansion 

Backup Battery 6.5 Ah - Sealed Lead-Acid 

10 Ah  - Sealed Lead-Acid 

Operating Temperature -40 ºC to +70 ºC (-40 ºF to 158 ºF) 

Notes: 1) When using a metal housing option, the maximum operating  
               temperature outside the housing is +60 ºC (140 ºF). 

           2) ACT module and Motorola radios operating temperature range is: 
               -30 ºC to +60 ºC (-22 ºF to 140 ºF). 

Storage Temperature -55 ºC to +85 ºC (-67 ºF to 185 ºF)  

Operating Humidity 5% to 95% RH @ 50 ºC without condensation  
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General   

Mechanical Vibrations  Per EIA / TIA 603 Base-station, Sinusoidal 0.07mm @ 10 to 30 Hz, 0.0035 
mm @ 30-60 Hz  

Operating Altitude -400m to +4000 meter (-1312 ft to + 13120 ft) above sea level 
Note: When using 18-72V DC or 100-240 VAC Power supply the operating 
altitude is -400 to +3000m 

  

Regulatory Standards  

Safety UL 60950-1 (UL listed), CSA 22.2-950-1, EN60950-1, IEC 60950-1, 
AS/NZS 60950  

FM/cFM certified as Nonincendive Class I, Division 2 - standard FM 3611 
(Note: FM approval refers to model F7509 only and most of the ACE3600 
options.) 

Emission Emission standards for industrial environments  

CFR 47 FCC part 15, subpart B (class A);  
CE EMC: EN50081-2/EN61000-6-4  

(CISPER 11 / EN55011 class A) 

Immunity Immunity standards for industrial environments  

Per EN50082-2 /IEC 61000-6-2   

Communications  

Communication Ports  Up to 4 ports per CPU (CPU 3610), up to 5 ports per CPU (CPU 3640), up 
to 7 ports per CPU (CPU 3680/4600)   

Serial - up to 4 x RS232 ports 

Multi-drop – up to 3 x RS485 port 

Ethernet - up to 2 x 10/100 MB ports and 1 x 10 MB  

Two-way radio / analog trunked radio - up 2 x  modem ports  

MotoTrbo- two Remote NDIS USB ports 

Motorola Radio Support Mobile conventional two-way radios  –  CM 200 , CM 340, GM 3188, EM 
200, CDM750 

Portable conventional two-way radios – HT750, GP320, GP328, PRO5150 

Analog trunked radios – XTL5000, XTL2500  

Digital trunked radios – XTL5000, XTL2500, XTS2500, MTM800 
(TETRA)  

MotoTrbo radios –XPR4350/4380, DM3400, XiR M8220, DGM4100 

Third Party Radio Support Two-way radios, Data radios, TETRA radios (PD)  

Modem Support  Dial-up modems, Cellular modems (dial mode and PD) 

Protocols MDLC, TCP, UDP, IP, PPP, NTP, DHCP   
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Appendix A: Specifications 

A-4 

Third Party Protocol 
Support 

MODBUS RTU: master on RS232/RS485/Ethernet,  
                           slave on RS232/RS485/Ethernet  
DF1 (Allen Bradley): master on RS232 
DNP 3.0: master/slave on RS232/RS485/Ethernet 
IEC 60870-5-101: slave on RS232 

User Protocol (user 
program) 

Possible on RS232, RS485 and Ethernet ports  

 

Specifications subject to change without notice. 
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APPENDIX B: ENVIRONMENTAL PROTECTION 

Disposal of Components 
All components of the ACE3600 should be properly disposed of, in accordance with local 
regulatory standards and laws. 

All ACE3600 models comply with RoHS European Directive no. 2002/95/EC (Restriction of 
the use of Hazardous Substances) and WEEE Directive no. 2002/96/EC (Strategy of Waste 
management), with the exception of parts: 

 XTL5000 radio (included in models F7523A/F7513A/F7524A/F7514A/F7585A/F7586A) 

 XTL2500 radio (F7533A/F7593A/F7534A/F7594A/F7538A/F7598A) 

 XTS2500 radio (F7543A/F7544A/F7548A) 

 CDM750 radio (F7563A/F7564A) 

 ACT Module (option V155AE and kit FLM) 

Note: The ACE3600 RTU is categorized as Monitoring and Control Equipment.  Currently 
(2010) Monitoring and Control Equipment are exempt from RoHS compliance.  This 
exemption may be cancelled in the future. 
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APPENDIX C: ACCESSORIES, ADAPTORS, AND 
CABLES 

General 

 
Note: On all of the Motorola RJ45 connector heads (except for Ethernet cables), the 
numbering of the pins is different than the standard, as shown in the figure below.  Pin 
1-8 are left to right rather than right to left, as shown below.  Therefore, only original 
Motorola cables should be used. 

                           
 
This appendix provides the information required for connecting an RTU RS232 port to various 
units, as detailed below: 

 Connection to a computer/terminal (MDLC protocol or User port) 
 Connection to a modem (MDLC protocol or User port) 
 Connection to the GPS receiver (Motorola Binary protocol) 
 Connecting a User port to a printer 
 Connecting a User port to an external unit 
 Connection to a radio (MDLC and PPP protocols) 
 RTU-to-RTU connection using MDLC protocol through RS232 ports (RS-Link) 
 ACE3600 RTU-to-ACE3600 RTU connection using MDLC protocol through RS485 ports 

(RS-Link) 
 ACE3600 RTU-to-MOSCAD RTU connection using MDLC protocol through RS485 ports 

(RS-Link) 
 ACE3600 RTU-to-PC Ethernet port connection without a hub 

Connection to a Computer or Terminal 
To connect one of the RTU RS232 ports to a computer/terminal, use the FLN6457B adaptor, 
which ends with the female 25-pin or 9-pin, D-type connector. The port may be defined either 
as a MDLC protocol port or as a User port. 
The signals that appear on the female 25-pin or 9-pin D-type connector are according to the 
RS232 standard – see the following table. In this case, the RTU serves as DCE (Data 
Communication Equipment). 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 876 of 1072



RS232 Function 8-pin 
Connector (on 
RTU) 

25-pin Female 9-pin Female Direction 

TX-DATA 2  2 3 from DTE 

RX-DATA 1  3 2 to DTE 

RTS 5  4 7 from DTE 

CTS 8  5 8 to DTE 

DSR 7  6 6 to DTE 

GND 4 7 5 - 

DTR 3  20 4 from DTE 

DCD (Rec line) 6  8 1 to DTE 
 
To extend the cable, you may use any extension cable with male and female D-type connectors 
(connected pin-to-pin, not crossed). 
Note: When a User port is defined as Computer/Terminal with DTR support: 
The RTU will not transmit unless it receives DTR=ON from the computer/terminal. 
The RTU will not receive unless it receives RTS=ON from the computer/terminal. 

Connection to a Modem 
To connect one of the RTU RS232 ports to an RS232 modem, use one of the adaptors provided 
in kit FLN6458B (option V213AE): 

 9-pin adaptor for Async (#0189968V32) 
 RS232-E adaptor (#0189968V33) as in Connection to IDEN Radio below. 
 RS232-E+ adaptor (#0189968V34) as in Connection to TETRA Radio below. 
The asynchronous adaptor (#0189968V32) ends with the male 9-pin D-type connector. The 
port may be defined either as a MDLC protocol port or as a User port. 
The signals that appear on the male 9-pin D-type (or 25-pin) connector are according to the 
RS232 standard – see the following table. In this case, the RTU serves as DTE (Data Terminal 
Equipment). 

RS232 Function 8-pin 
Connector(on 
RTU) 

25-pin Male 9-pin Male Direction 

TX-DATA 1  2 3 from RTU 

RX-DATA 2  3 2 to RTU 

RTS 6  4 7 from RTU 

CTS 3  5 8 to RTU 

GND 4 7 5 - 
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RS232 Function 8-pin 
Connector(on 
RTU) 

25-pin Male 9-pin Male Direction 

DTR 8  20 4 from RTU 

DCD (Rec line) 5  8 1 to RTU 
 
To extend the cable, you may use any extension cable with male and female D-type connectors 
(connected pin-to-pin, not crossed). 
Before transmitting, the RTU sends RTS=ON to the modem, and waits for CTS=ON from the 
modem as a condition for transmitting. 
The RTU will receive data from the modem only when DCD=ON. 
When using a modem in auto-answer mode (connected to a Computer port) for remote service, 
the RTU does not support RTS/CTS protocol since the port is designated to operate with a 
local computer as well as with a modem. 
For modems which support RS232-E, use either the RS232-E adaptor (#0189968V33) as in 
Connection to IDEN Radio below, or the RS232-E+ adaptor (#0189968V34), as in Connection 
to TETRA Radio below. 

Connection to GPS Receiver 
When an off-the-shelf GPS timing receiver is purchased (e.g. Synergy SynPaQ/E PPS Sensor 
with M12+), the data and power cable for that receiver should be purchased as well.   
Connect the data wire of the cable to the CPU port using the ACE3600 asynchronous RS232-E 
adaptor cable.  The port should be defined as a GPS receiver port (RS232, Async). 
Connect the power wire of the cable to a cable with the following connectors: 
RTU side: The connector should fit the auxiliary power connector on the ACE3600 power 
supply module. 
GPS Receiver side: The connector should fit the power connector on the GPS receiver cable. 

Connecting a User Port to a Printer 
To connect one of the RTU RS232 ports defined as a User port to a printer, you may use one of 
the two cables described in the previous paragraphs. Since the connection to the printer is not 
defined by the RS232 standard, every printer manufacturer has defined the connectors for his 
own convenience. Therefore, select the adaptor according to the functions of the various pins. 
If the FLN6458B adaptor (with the male 9-pin D-type connector) is used, refer to the following 
table. 

RS232 Function 9-pin Male Used as Direction 

TX-DATA 3 Serial Data to Printer 

CTS 8 Printer Ready from Printer 

GND 5 GND - 
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If the FLN6457B adaptor (with the female 9-pin, D-type connector) is used, refer to the 
following table. 

RS232 Function 9-pin Female Used as Direction 

RX-DATA 2 Printer Rx-Data to Printer 

DTR 4 Printer Ready from Printer 

GND 5 GND - 
 

Connecting a User Port to an External Unit 
To connect one of the RTU RS232 ports defined as a User port to an external unit (which 
supports RS232), you may use one of the two adaptors (FLN6457B or FLN6458B) according 
to the port definition in the site configuration. 
If the FLN6457B adaptor is used, refer to the pin assignment given in Connection to a 
Computer or Terminal in this chapter. 
If the FLN6458B adaptor is used, refer to the pin assignment given in Connection to a Modem 
in this chapter. 

Connection to a Radio 
For detailed instructions on connecting a radio to the ACE3600 RTU, see the Radio Types and 
Installation Kits chapter above.  

Connection to IDEN Radio 
To connect the RTU (via onboard serial or plug-in port) to an IDEN radio, use an adaptor 
which ends with the male 9-pin, D-type connector. The port should be defined as RS-232, 
Async, PPP, iDEN, MDLC over IP. 

RS232 Function 8-pin Connector(on 
RTU) 

9-pin Male Direction 

TX-DATA 1  3 from RTU 

RX-DATA 2  2 to RTU 

CTS 3  8 to RTU 

GND 4  5 - 

CD (Rec line) 5  1 to RTU 

RTS  6  Not used  

  7  4 from RTU 

DTR  8  7 from RTU 
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Connection to TETRA Radio 
To connect the RTU (via onboard serial or plug-in port) to a TETRA radio, use an RS232-E+ 
type adaptor which ends with the male 9-pin, D-type connector. The port should be defined as 
RS232, Async, PPP, Tetra, MDLC over IP. 

RS232 Function 8-pin Connector(on 
RTU) 

9-pin Male Direction 

TX-DATA 1  3 from RTU 

RX-DATA 2  2 to RTU 

CTS 3  8 to RTU 

GND 4  5 - 

CD (Rec line) 5  1 to RTU 

RTS  6  4 from RTU 

  7  Not used  

DTR  8  7 from RTU 
 

Connection to MotoTrbo Radio 
To connect the RTU (via Host USB port) to a MotoTrbo radio, use a cable FKN8644A. The 
port should be defined as USB Host, Async, Remote NDIS Host, MotoTrbo. 

Function USB Type A  
(on RTU) 

26-pin Female  
(on Radio) 

Direction 

+5 VDC/ 
VBUS+ 

1  3 from RTU 

Data - 2  2 to/from 
RTU 

Data + 3  1 to/from 
RTU 

GND 4  4 - 

Ignition  25 from radio 
power cable 

 

RTU-to-RTU Connection Using MDLC Protocol through RS232 
To establish a link between two RTUs using MDLC protocol, the ports of both RTUs should 
be defined as RS232 RTU-to-RTU (RS-Link). The ports of the two RTUs should be connected 
by the FLN6457B and FLN6458B adaptors, when the adaptors are connected. 

 
Do not connect between RTUs without the adaptor cables. A direct connection will cause a 
short circuit between the pins that have the same function. 
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RTU-to-RTU Synchronous Communication Using Plug-in Port 
The pin assignment of the cable to be used for RTU-to-RTU synchronous communication 
(using a plug-in port) is given below. 

 

RS232 Function 8-pin Connector 
(on sending RTU) 

8-pin Connector 
(on receiving RTU) 

Direction 

TX-DATA 1  2  from RTU 

RX-DATA 2  1  to RTU 

CTS 3 +6 * 5  from RTU 

Signal GND 4  4  - 

CD (Rec line) 5  3 +6 * to RTU 

RTS  6 +3 * 5  from RTU 

TX_CLK  7  8  from RTU 

RX_CLK 8  7  to RTU 
*Pins 3 and 6 are shorted. 

ACE3600 RTU-to-ACE3600 RTU Connection Using MDLC Protocol through 
RS485 

To establish a link between more than two ACE3600 RTUs using MDLC protocol, the ports of 
all RTUs should be defined as RS485 RTU multidrop. The ports of the RTUs should be 
connected using the RS485 connection box V186AD (FLN3641A).  Cable FKN8427A should 
be connected between ACE3600 RS485 port and one of the seven inlets of the connection box. 
 

RS485 Function 8-pin 
Connector* 
(on ACE3600) 

B (RX/TX-) 1  

A (RX/TX+) 8  
 
*Note: All seven connectors are shorted. 

ACE3600 RTU-to-MOSCAD RTU Connection Using MDLC Protocol 
through RS485 

To establish a link between an ACE3600 unit and a MOSCAD RTU using MDLC protocol, the 
ports of both RTUs should be defined as RS485 RTU multidrop. The ports of the two RTUs 
should be connected using the FKN8527A cable. 
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Do not connect between RTUs without the adaptor cables. A direct connection will 
cause a short circuit between the pins that have the same function. 

 

RS485 Function 8-pin 
Connector 
(on ACE3600) 

4-pin  
Connector (on 
MOSCAD) 

B (RX/TX-) 1  2 

A (RX/TX+) 8  3 
 

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 882 of 1072



ACE3600 RTU-to-PC Ethernet Port Direct Connection without Hub 

  
Note: The RJ45 connector head for this connection is standard.  The numbering of the 
pins is according to the standard, as shown in the figure below.  Pin 1-8 are right to 
left, as shown below.  Therefore, any standard Ethernet crossover cable may be used. 

                           
 
To establish a link between an ACE3600 unit and the Ethernet port of a PC, without using a 
hub, the RTU port should be defined as an IP port (10/100 BT, Static, Ethernet LAN) with an 
IP address. The ports should be connected using an Ethernet crossover cable. 

IP Function 8-pin 
Connector 
(Plug 1) 

8-pin 
Connector 
(Plug 2) 

TX-DATA + 1  3  

TX-DATA - 2  6  

RX-DATA + 3  1  

N/A 4  7 

N/A 5 8 

RX-DATA - 6  2  

N/A 7 4 

N/A 8 5 
 

ACE3600 RTU Main CPU to Expansion Module Direct Connection 
To establish a direct link between an ACE3600 main frame CPU and an expansion module, the 
CPU’s ETH1 port must be configured either as Static LAN or as I/O Expansion Comm.  
Connect the CPU’s ETH1 port and the expansion module’s Exp. Eth1 port using an Ethernet 
crossover cable, with wiring as in ACE3600 RTU-to-PC Ethernet Port Direct Connection 
without Hub above. 
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Appendix C: Accessories, Adaptors and Cables 

C-9 

ACE3600 RTU Main CPU to Expansion Module Connection via LAN Switch 

  
Note: The RJ45 connector head for this connection is standard.  The numbering of the 
pins is according to the standard, as shown in the figure below.  Pin 1-8 are right to 
left, as shown below.  Therefore, any standard Ethernet cable may be used. 

                           
The ACE3600 RTU main CPU can be connected to an expansion module via one or two 
expansion LAN switches.  The CPU’s ETH1 port must be configured either as Static LAN or 
as I/O Expansion Comm.   
For the connections below, use a standard standard Category 5E shielded (FTP) LAN cable (up 
to 50m.) 

 ACE3600 RTU main CPU to expansion LAN switch connection or connection of the first 
LAN switch to the second, if such exists (for systems with I/O expansion only) 

 ACE3600 RTU expansion LAN switch to expansion module connection (for systems with 
I/O expansion only) 

 

IP Function 8-pin 
Connector 
(Plug 1) 

8-pin 
Connector 
(Plug 2) 

TX-DATA + 1  1  

TX-DATA - 2  2  

RX-DATA + 3  3 

N/A 4 4 

N/A 5 5 

RX-DATA - 6  6 

N/A 7 7 

N/A 8 8 
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APPENDIX D: ACE3600 MAXIMUM POWER RATINGS 

Power Rating Tables 
The tables below list the typical maximum power consumption (at room temperature) for each 
of the ACE3600 RTU building blocks (CPU, Power Supply, I/O modules, radios, etc.) and the 
maximum peak power allowed for a fully loaded RTU, based on the housing type. 
The values in the tables below are derived by using the power supply (AC: 100 to 240 VAC or 
DC: 18 to 72 VDC and 13.8 VDC) and have the power supply efficiency factor included in 
them. 
Before deploying your RTU, add up the power consumption of all components of your system 
to verify that it is within the maximum peak power for your housing type. In systems with I/O 
expansion, consider all modules which consume power from their respective AC/DC main 
power sources when calculating the required power requirements. 

 
Table D-1  Maximum Peak Power Allowed for Fully Loaded RTU 

Housing Type 
Description 

Maximum Input Power into Power Supply Module 
(Watts) 

19" Rack (w/out metal enclosure) 100 
Large NEMA metal housing (50x50 cm)  120 
Small NEMA metal housing (40x40 cm) 105 

 

                                                      
 
 
 NOTE: When powered at Vin = 100VAC, the maximum input power of the power supply module is 
limited to 80 Watts ONLY. 
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Table D-2  Power Consumption per RTU Module 

Self Power 
Consumption 

(no active 
I/O) 

(Watts) 

Maximum 
Power 

Consumption
per Active I/O

(Watts) 

Self Power 
Consumption

(no active 
I/O) 

Watts 

Maximum 
Power 

Consumption 
per Active I/O 

Watts 

Maximum 
Power 

Consumption
all I/Os,  

LEDs Active 
Watts 

Module Name 

AC: 100 to 240 VAC 
DC: 18   to 72   VDC Vin = +13.8 VDC 

Power Supply 
(maximum) 12.60 N/A 

2.20 (156 mA) 
(12 VDC 
Power Supply 
Module 
ONLY) 

N/A N/A 

Power Supply 
(Expansion) 0.0 N/A 0.0 N/A N/A 

CPU 
(3640/3610) 5.20 N/A 4.20 (304 mA) N/A 4.00 (290 mA) 

Expansion 
Module 5.20 N/A 4.20 (304 mA) N/A 4.00 (290 mA) 

Expansion 
LAN Switch 1.50 0.220 1.20 (87 mA) 0.176 

(12.75 mA) 
3.10 (225 mA) 
(x8 ports ON) 

Digital Input 
Fast 24V 
(x16/x32)  

0.100 
0.100 (powered 
by internal 24V 
PS) 

0.080 
(5.8 mA) 

0.100 
(7 mA) 
(powered by 
internal 24V 
PS) 

3.50 (254 mA) 
 
(x32 inputs ON 
powered by x1 
internal 24V 
PS) 

Digital Input 
Fast 24V  
IEC Type 2 
(x16/x32) 

0.100 

0.230  
(powered by 
internal 24V 
PS) 

0.080 
(5.8 mA) 

0.230 (17 mA) 
(powered by 
internal 24V 
PS) 

8.20 (594 mA) 
 
(x32 inputs ON 
powered by x2 
internal 24V 
PS) 

Digital Input 
Fast 48V 
(x32)  

0.100 
0.100 (powered 
by internal 24V 
PS) 

0.080 
(5.8 mA) 

0.100 
(7 mA) 
(powered by 
internal 24V 
PS) 

3.50 (254 mA) 
(x32 inputs ON 
powered by x1 
internal 24V 
PS) 

Digital Input 
120/230V 0.100 0.015 0.080 (5.8 mA) 0.012 (1 mA) 

0.524 (38 mA) 
 
(x16 inputs 
ON) 

Digital Output 
ML Relay 
(x8/x16)  

0.120 0.010 0.100 
(7.2 mA) 

0.008 
(0.5 mA) 

0.483 (35 mA) 
 
(x16 relays 
ON) 
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Self Power 
Consumption 

(no active 
I/O) 

(Watts) 

Maximum 
Power 

Consumption
per Active I/O

(Watts) 

Self Power 
Consumption

(no active 
I/O) 

Watts 

Maximum 
Power 

Consumption 
per Active I/O 

Watts 

Maximum 
Power 

Consumption
all I/Os,  

LEDs Active 
Watts 

Module Name 

AC: 100 to 240 VAC 
DC: 18   to 72   VDC Vin = +13.8 VDC 

Digital Output 
EE Relay 
(x8/x16) 

0.170 0.200 0.136 (10 mA) 0.160  
(11.6 mA) 

3.26 (236 mA) 
 
(x16 relays 
ON) 

Digital Output 
SBO EE Relay 
(x8) 

0.170 0.400 0.136 (10 mA) 0.320  
(23.2 mA) 3.26 (236 mA) 

Digital Output 
ML Relay 
120/230V 

0.200 0.006 0.160  
(11.6 mA) 0.005 (0.4 mA) 

0.248  
(18.0 mA) 
 
(x12 relays 
ON) 

Digital Output 
EE Relay 
120/230V 

0.290 0.260 0.232 (17 mA) 0.210  
(0.15 mA) 

3.12 (226 mA) 
 
(x12 relays 
ON) 

FET Digital 
Output/Digital 
Input 
 

0.120 

DI  = 0.014 
(per input 
channel) 
DO = 0.014 
(per output 
channel) 

0.100 
(7.2 mA) 

DI  = 0.011 
(per input 
channel) 
 
DO = 0.011 
(per output 
channel) 

0.552 (40 mA) 
 
(x32 LEDs/ 
inputs ON) 

Mixed I/O  
(DO ML +DI 
IEC Type 2) 

0.480 

DI = 0.250 
(powered by 
internal 24V 
PS) 
 
DO = 0.010 

0.384 (28 mA) 

DI = 0.250 
(powered by 
internal 24V 
PS) 
 
DO = 0.008 

4.70 (341 mA) 
 
(x4 relays ON 
x16 inputs ON 
x4 AI ON 
powered by 
internal 24V 
PS) 

Mixed I/O  
(DO EE + DI 
IEC Type 2) 

0.480 

DI = 0.250 
(powered by 
internal 24V 
PS) 
DO = 0.200 

0.384 (28 mA) 

DI = 0.250 
(powered by 
internal 24V 
PS) 
 
DO = 0.160 

5.50 (400 mA) 
 
(x4 relays ON 
x16 inputs ON 
x4 AI ON 
powered by 
internal 24V 
PS) 
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Self Power 
Consumption 

(no active 
I/O) 

(Watts) 

Maximum 
Power 

Consumption
per Active I/O

(Watts) 

Self Power 
Consumption

(no active 
I/O) 

Watts 

Maximum 
Power 

Consumption 
per Active I/O 

Watts 

Maximum 
Power 

Consumption
all I/Os,  

LEDs Active 
Watts 

Module Name 

AC: 100 to 240 VAC 
DC: 18   to 72   VDC Vin = +13.8 VDC 

Analog Output 1.10 
0.600 (per 
output channel 
@20.0 mA) 

0.880 (64 mA) 

0.480 (35 mA) 
 
(per output 
channel @20.0 
mA) 

3.33 (241 mA) 
 
(x4 outputs 
sourcing 20.0 
mA) 

Mixed Analog 
Current/Voltage 1.40 

0.600 (per 
output channel 
@20.0 mA) 

1.12 (81 mA) 

0.480 (35 mA) 
 
(per output 
channel @20.0 
mA) 

3.61 (261 mA) 
 
(x4 outputs 
sourcing 20.0 
mA) 

Analog Input 
Current/Voltage 
(x8/x16)  

0.530 N/A 0.440  
(32.0 mA) N/A 0.870  

(63.0 mA) 

24V Floating 
Plug-In Power 
Supply (No 
load) 

0.410 N/A 0.328 (24 mA) N/A N/A 

24V Floating 
Plug-In Power 
Supply 
(externally 
loaded 150 mA) 

4.80 N/A 3.84 (278 mA) N/A N/A 
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Appendix D: ACE3600 Maximum Power Ratings 
 

D-5 
 

 
Typical 
Power 
(Watts) 

Power when all 
I/Os are on 

(Watts) 

Typical Power
(Watts) 

Power when all I/Os 
are on 
(Watts) Plastic Box 

Interface AC: 100 to 240 VAC 
DC: 18   to 72   VDC Vin = +13.8 VDC 

Audio Control 
and Tone 
(ACT) 
Module 

0.60 2.20  0.480 (35 mA) 1.76 (127.50 mA) 

 
 

Power in RX 
Mode  

(Watts) 

Power in TX 
Mode 

(Watts) 

Power in RX Mode  
(Watts) 

Power in TX 
Mode 

(Watts) Radios 
AC: 100 to 240 VAC 
DC: 18   to 72   VDC Vin = +13.8 VDC 

XTL5000 
(15 Watt) 8.80 66.90 7.10 (515 mA) 53.50 (4.0 A) 

XTL2500 
(15 Watt) 8.80 66.90  7.10 (515 mA) 53.50 (4.0 A) 

XTS2500 
(3 Watt) 1.20 9.90  1.00 (72.5 mA) 8.00 (580 mA) 

HT750/GP320/P
RO5150/GP328   
(UHF 4 Watt/ 
VHF 5 Watt) 

0.70 13.10  0.560 (40.6 mA) 10.50 (761 mA) 

CM200/CM140/
EM200/GM318
8 (UHF 20 Watt/ 
VHF 25 Watt) 

3.70 75.10  3.00 (217 mA) 60.00 (4.40 A) 

GM328/338/339
/340  
(UHF 20 Watt/ 
VHF 25 Watt) 

3.60 73.20  2.90 (210 mA) 59.00 (4.3 A) 

CDM750 (UHF 
20 Watt/VHF 
25 Watt) 

3.90 74.50 3.20 (232 mA) 60.00 (4.40 A) 

XPR4350/4380 
DM3400/  
XiR M8220/ 
DGM4100  
UHF 20 Watt/ 
VHF 25 Watt) 

10.50 51.5 8.4 (600 mA) 41.5 (3 A) 
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VEGAPULS WL 61 - 38065-EN-130219VEGA Grieshaber KG, Am Hohenstein 113, 77761 Schiltach/Germany, www.vega.com

VEGAPULS WL 61

The VEGAPULS WL 61 is the ideal sensor for all applications in water
and sewage water applications. It is particularly suitable for use in

WL 61 is an economical solution through versatile and simple mount-

permanent operation.

Maintenance-free operation by non-contact measuring principle

High plant availability, because wear and maintenance free

Exact measuring results independent of product, process and ambi-

ent conditions

Extremely short microwave impulses are emitted by the antenna sys-

surface and received back again by the antenna system. The time from
emission to reception of the signals is proportional to the level in the
vessel.
A special time stretching procedure allows reliable and precise meas-
urement of the extremely short signal running times.

Measuring range up to 15 m (49.21 ft)

Deviation ±2 mm

Thread G1½, mounting strap, compression

Process pressure -1 … +3 bar/-100 … +200 kPa
(-14.5 … +29 psig)

Process temperature -40 … +80 °C (-40 … +176 °F)

Ambient, storage and
transport temperature

-40 … +80 °C (-40 … +176 °F)

Operating voltage 9.6 … 36 V DC

The wetted parts of the instrument are made of Valox PBT or PP. The
process seal is made of FPM. The connection cable is PUR insulated.

www.vega.com VEGA Tools

The housing is optimized for applications in the waste water industry
and manufactured of Valox PBT. Due to the encapsulated cable gland,
protection rating IP 68 (2 bar) is achieved.

from 4 … 20 mA/HART in two and four-wire version, there are also

protocols. Another HART version is available with integrated accumu-
lator.

The instruments are suitable for use in hazardous areas and are ap-
proved, for example, according to ATEX and IEC.

www.vega.com/downloads and
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VEGAPULS WL 61 - 38065-EN-130219 VEGA Grieshaber KG, Am Hohenstein 113, 77761 Schiltach/Germany, www.vega.com

The adjustment of the instrument is carried out via a PC with the
adjustment software PACTware and respective DTM. An alternative ad-

PDM.

ï

î

1

2

-
ing instructions at www.vega.com/downloads.

î

ï
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Dimensions VEGAPULS WL 61

1

2

www.
vega.com.
In the download section at www.vega.com/downloads
operating instructions, product information, brochures, approval docu-
ments, instrument drawings and much, much more.

VEGA Tools
select the most suitable measuring principle for your application.

VEGA Tools

www.vega.com.
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2
")

ø 3 mm 
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ø 6 mm 
(0.24")

SW 46 mm
(1.81")
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7
")
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0
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(1
.9

7
")

2
2

 m
m

(0
.8

7
")

ø 55 mm 
(2.17")

ø 40 mm 
(0.69")

Process pressure – VEGABAR 52

1 Threaded version G½  
(manometer connection EN 837) 

2 Threaded version G1½
3 Flange version DN 50

You will find further process fittings and options under www.vega.com/configurator
You will find further drawings and tables under www.vega.com/downloads
You will find mounting accessory, welded sockets and housing overviews in chapter "Accessory"

VEGABAR 52 
 
Pressure transmitter with CERTEC® measuring cell 
 
Application area 
The VEGABAR 52 pressure transmitter can be used universally for measurement 
of gases, vapours and liquids. Also substances such as sand can be easily 
measured through the abrasion-resistant ceramic measuring cell. The VEGABAR 
52 offers maximum reliability and safety and can be used in all industries. 
 
Advantages 
 High plant availability by maximum overload and vacuum resistance of the 

ceramic measuring cell 
 Measurement down to the last drop through smallest measuring ranges with high 

reliability 
 Low maintenance costs through wear-free ceramic measuring cell 
 
Technical data 
Measuring cell: CERTEC® 
Measuring range: -1 … +60 bar (-100 … +6000 kPa) 
Process fitting: thread from G½, ½ NPT 
 flanges from DN 25, 1½" 
 hygienic fittings 
Process temperature: -40 … +150 °C 
Deviation in characteristics: 0.2 %; 0.1 %; 0.075 % 
SIL qualification: up to SIL2 
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179Process pressure – VEGABAR 52

Pr
es

su
re

Approval
XX without ...................................................................................................................................................................................................................................................
XM Ship approval .............................................................................................................................................................................................................................................
CX ATEX II 1G, 1/2G, 2G Ex ia IIC T6 .........................................................................................................................................................................................................................
CA ATEX II 1G, 1/2G, 2G Ex ia IIC T6 + WHG ...................................................................................................................................................................................................................
CM ATEX II 1G, 1/2G, 2G Ex ia IIC T6 + Ship approval .........................................................................................................................................................................................................
CI IEC Ex ia IIC T6 ..........................................................................................................................................................................................................................................

DX ATEX II 1/2G, 2G Ex d ia IIC T6 ...........................................................................................................................................................................................................................
GX ATEX II 1/2D,2D Ex tD IP66 T.. ............................................................................................................................................................................................................................

Process fitting / Material
GV Thread G½ (EN837) manometer PN60 / 316L ...................................................................................................................................................................................................................
GP Thread G½, inner G¼ (ISO228-1) PN60 / 316L ................................................................................................................................................................................................................
GG Thread G1½A (DIN3852-A) PN60 / 316L .......................................................................................................................................................................................................................
GW Thread G1½A (DIN3852-A-B) PN10 / PVDF .....................................................................................................................................................................................................................
CA Clamp 2" PN16(ø64mm) DIN32676,ISO2852 /316L ...............................................................................................................................................................................................................
LA Hyg. fitting with compression nut F40 PN40 / 316L .........................................................................................................................................................................................................
TA Varivent N50-40 PN25 / 316L ...............................................................................................................................................................................................................................
RD Bolting DN50PN25 Form A DIN11864-1 / 316L .................................................................................................................................................................................................................
BB Thread M44x1.25(DIN13)pressure screw StSt PN60 / 316L .....................................................................................................................................................................................................
FB Flange DN50PN40 Form C, DIN2501 / 316L ....................................................................................................................................................................................................................
FE Flange DN80PN40 Form C, DIN2501 / 316L ....................................................................................................................................................................................................................
FH Flange 2" 150lb RF, ANSI B16.5 / 316L .....................................................................................................................................................................................................................
FI Flange 3" 150lb RF, ANSI B16.5 / 316L .....................................................................................................................................................................................................................

Seal measuring cell / Process temperature
1 FKM (A+P 70.16) /-40...120°C ..............................................................................................................................................................................................................................
3 EPDM (A+P 75.5/KW75F) / -40...120°C .......................................................................................................................................................................................................................
M FFKM (Perlast G75B) / -15...120°C .........................................................................................................................................................................................................................

Pressure / Measuring range
A rel. / 0...0.1bar (0...10kPa) .............................................................................................................................................................................................................................
B rel. / 0...0.2bar (0...20kPa) .............................................................................................................................................................................................................................
C rel. / 0...0.4bar (0...40kPa) .............................................................................................................................................................................................................................
D rel. / 0...1.0bar (0...100kPa) ............................................................................................................................................................................................................................
E rel. / 0...2.5bar (0...250kPa) ............................................................................................................................................................................................................................
F rel. / 0...5.0bar (0...500kPa) ............................................................................................................................................................................................................................
G rel. / 0...10.0bar (0...1000kPa) ..........................................................................................................................................................................................................................
P rel. / -1...0.0bar (-100...0kPa) ..........................................................................................................................................................................................................................
Q rel. / -1...1.5bar (-100...150kPa) ........................................................................................................................................................................................................................
R rel. / -1...5.0bar (-100...500kPa) ........................................................................................................................................................................................................................
S rel. / -1...10.0bar (-100...1000kPa) ......................................................................................................................................................................................................................
K rel. / -0.05...0.05bar (-5...5kPa) ........................................................................................................................................................................................................................
L rel. / -0.1...0.1bar (-10...10kPa) ........................................................................................................................................................................................................................
M rel. / -0.2...0.2bar (-20...20kPa) ........................................................................................................................................................................................................................
1 abs. / 0 ... 1.0bar (0 ... 100kPa) ........................................................................................................................................................................................................................
2 abs. / 0 ... 2.5bar (0 ... 250kPa) ........................................................................................................................................................................................................................
3 abs. / 0 ... 5.0bar (0 ... 500kPa) ........................................................................................................................................................................................................................

Electronics
Z 4...20mA ..................................................................................................................................................................................................................................................
H 4...20mA/HART® ............................................................................................................................................................................................................................................
P Profibus PA ...............................................................................................................................................................................................................................................
F Foundation Fieldbus .......................................................................................................................................................................................................................................

Housing / Protection
K Plastic / IP66/IP67 .......................................................................................................................................................................................................................................
A Aluminium / IP66/IP67 .....................................................................................................................................................................................................................................
D Aluminium double chamber / IP66/IP67 ......................................................................................................................................................................................................................
8 StSt (electropolished) 316L  / IP66/IP67 ..................................................................................................................................................................................................................
P PUR cable axial IP 68, ext. housing plastic IP 65 .........................................................................................................................................................................................................
W StSt double chamber / IP66/IP67 ...........................................................................................................................................................................................................................
R Plastic double chamber / IP66/IP67 ........................................................................................................................................................................................................................

Cable entry / Cable gland / Plug connection
M M20x1.5 / with / without ..................................................................................................................................................................................................................................
N ½NPT / without / without ..................................................................................................................................................................................................................................

Indicating/adjustment module (PLICSCOM)
X without ...................................................................................................................................................................................................................................................
A mounted ...................................................................................................................................................................................................................................................

Accuracy class
M 0.075 % ...................................................................................................................................................................................................................................................
E 0.10 % ....................................................................................................................................................................................................................................................
S 0.20 % ....................................................................................................................................................................................................................................................

BR52.

Cable length
per 100 mm cable of PUR
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321

SW 30 mm
(1.18")

G1½ A

17
5 

m
m

 (6
.8

9"
)

ø 32 mm
(1.26") ø 32 mm

(1.26")

22
7 

m
m

 (8
.9

4"
)

21
6 

m
m

 (8
.5

")

38
,5

 m
m

(1
.5

2"
)

14
 m

m
(0

.5
5"

)

ø 8 mm
(0.32")

22
8 

m
m

 (8
.9

8"
)

ø 22 mm
(0.87")

48mm
(1.89")

Hydrostatic – VEGAWELL 52

1 Version with straining clamp
2 Version with threaded fitting,  

unassembled G1½ A, for deep wells
3 Standard version

You will find further process fittings and options under www.vega.com/configurator
You will find further drawings and tables under www.vega.com/downloads
You will find mounting accessory and welded sockets in chapter "Accessory"

VEGAWELL 52

Suspension pressure transmitter for continuous level 
measurement of liquids

Application area
VEGAWELL 52 is suitable for continuous level measurement of liquids 
in water/waste water, deep wells and in the shipbuilding industry. 

Advantages
Dry, ceramic-capacitive CERTEC® measuring cell
High abrasion and overload resistance
Integrated overvoltage protection
Long-term stability

Function
The ceramic CERTEC® measuring cell is the heart of VEGAWELL 52. 
The hydrostatic pressure of the liquid column causes a capacitance 
change in the measuring cell via the ceramic diaphragm. This change 
is converted into a standardised 4 … 20 mA signal. The complete 
measuring cell consists of high purity ceramic and characterises apart 
from the excellent long-term stability by a very high overload 
resistance.
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199Hydrostatic – VEGAWELL 52

basic price:

Approval
XX without  ..................................................................................................................................................................
XM Ship approval  ........................................................................................................................................................
AX ATEX II 1G, 2G Ex ia IIC T6  .................................................................................................................................
AM ATEX II 1G, 2G Ex ia IIC T6 + Ship approval  ......................................................................................................
AI IEC Ex ia IIC T6  ....................................................................................................................................................

Fastening / Material
X4 without  .........................................................................................................................................................
A4 Straining clamp / 1.4301(304)  .....................................................................................................................
GC Threaded fitting, unassembled G1A (ISO228-1) PN3 / 316L  ......................................................................
GA Threaded fitting, unassembled G1½A (ISO228-1)PN3 / 316L  ....................................................................
NP Threaded fitting, unass. G1½A (ISO228-1) PN0.2 / PVDF  .........................................................................
GK Thread G1½A (ISO228-1)PN3 / 316L with PBT hous.;M20x1.5  .................................................................
GV Thread G1½A(ISO228-1)PN3/316Lw.hous.StSt (prec.casting)  .................................................................

Version / Process temperature
A Suspension cable PE / -20...60°C  ........................................................................................................
D Suspension cable PUR / -20...80°C  .....................................................................................................
B Suspension cable FEP / -20...80°C  ......................................................................................................

Length
K 6 m suspension cable PE  ..............................................................................................................
L 12 m suspension cable PE  ............................................................................................................
M 27 m suspension cable PE  ............................................................................................................
T individually selectable length (PE/PUR/FEP)  ................................................................................

Transmitter material / Diameter
D Duplex 1.4462 / 32mm  ............................................................................................................
V 316L / 22 mm  ...........................................................................................................................
K Duplex 1.4462 with PE coating / 35mm  ...................................................................................
P PVDF / 44 mm  .........................................................................................................................

Seal measuring cell
1 FKM (VP2/A)  .....................................................................................................................
3 EPDM (A+P 75.5/KW75F)  .................................................................................................
P FFKM (Perlast G75S)  ........................................................................................................

Measuring range
A rel. / 0...0.1 bar (0...10 kPa)  ........................................................................................
B rel. / 0...0.2 bar (0...20 kPa)  ........................................................................................
C rel. / 0...0.4 bar (0...40 kPa)  ........................................................................................
D rel. / 0...1 bar (0...100 kPa)  .........................................................................................
E rel. / 0...2.5 bar (0...250 kPa)  ......................................................................................
F rel. / 0...5 bar (0...500 kPa)  .........................................................................................
G rel. / 0...10 bar (0...1000 kPa)  .....................................................................................
2 abs. 0...2.5 bar (0...250kPa)  .......................................................................................
3 abs. 0...5.0 bar (0...500kPa)  .......................................................................................

Electronics
C 4...20mA  ...............................................................................................................
D 4...20mA/HART® + PT100 4-wire  ........................................................................

Deviation in characteristic
1 0.20 %  .............................................................................................................
2 0.10 %  .............................................................................................................

Transmitter options
X without  ......................................................................................................
V for deep wells  ............................................................................................

WL52.

Total length in m
PE (400-550000 mm) per 100 mm
FEP (400-550000 mm) per 100 mm
PUR (400-550000 mm) per 100 mm
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Pressure measurement

Process pressure/Hydrostatic

VEGAWELL 52

Product Information
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Take note of safety instructions for Ex applications

Please note theEx specific safety informationwhich you can find on our homepagewww.vega.com\services\downloads and

which comes with every instrument. In hazardous areas you should take note of the appropriate regulations, conformity and

type approval certificates of the sensors and power supply units. The sensors must only be operated on intrinsically safe

circuits. The permissible electrical values are stated in the certificate.
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1 Description of the measuring principle

Measuring principle

VEGAWELL 52 pressure transmitters work according to the hy-

drostatic measuring principle, which functions independently of

the dielectric properties of the product and is not influenced by

foam generation.

The sensor element ofVEGAWELL52 is the dry ceramic-capaci-

tive CERTEC
® measuring cell in two sizes. Base element and

diaphragm consist of high purity sapphire-ceramic®.

Thehydrostaticpressureof theproductcausesvia thediaphragm

a capacitance change in the measuring cell. This capacitance

change is converted into an appropriate output signal.

1
6

 µ
m 1

2

3

Fig. 1: Configuration of the CERTEC
® measuring cell with VEGAWELL 52

1 Diaphragm

2 Soldered glass bond

3 Base element

The advantages of the CERTEC
® measuring cell are:

l Very high overload resistance

l No hysteresis

l Excellent long-term stability

l Completely front flush installation

l Good corrosion resistance

l Very high abrasion resistance

Wide application range

VEGAWELL 52 is suitable for level measurement in deep wells

and ballast tanks as well as for gauge measurement in open

flumes. Typicalmedia are drinkingwater andwaste water as well

as water containing abrasive substances. All signal outputs are

available in 4… 20mA and 4… 20mA/HART - Pt 100.

In the 4 … 20 mA/HART - Pt 100 version, a temperature sensor

Pt 100 in four-wire technology is integrated in the transducer.

Power supply or processing are carried out via an external tem-

perature transducer.

Description of the measuring principle

Process pressure/Hydrostatic – Pressure measurement 3
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2 Type overview

VEGAWELL 52

Measuring cell: CERTEC
®

Media: drinking water and waste water

Process fitting: Straining clamp, screw connection, thread

Material process fitting:

316L

Material, suspension cable: PE, PUR, FEP

Material transmitter:

316L, 1.4462 (Duplex), each also with PE coating, PVDF, Titanium

Diameter transmitter:

depending on material and version at least 22 mm

Measuring range: 0… 0.1 bar up to 0 … 25 bar

Process temperature: -20… +80 °C (-4 … +176 °F)

Deviation: < 0.2 %, < 0.1%

Signal output: 4… 20mA, 4 … 20 mA/HART

Operation: depending on the version via PACTware/PC

Type overview

4 Process pressure/Hydrostatic – Pressure measurement
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3 Mounting instructions

Mounting position

The following illustration shows a mounting example for VEGA-

WELL 52. The VEGA price list contains suitable mounting brack-

ets under the section Accessories. With these parts, standard

mounting arrangements can be realised quickly and reliably.

Fig. 3: VEGAWELL 52 in a pump shaft with VEGABOX 02

VEGAWELL 52must be mounted in a calm area or in a suitable

protective tube. This avoids lateral movements of the transmitter

and the resulting corruption of measurement data.

Note:
As an alternative to fixing the transmitter, the use of a

measuring instrumentholder fromVEGA's lineofmount-

ing accessories is recommended.

Beside the connection and suspension cables, the suspension

cable also contains a capillary for atmosphericpressure compen-

sation. All versions can be shortened on site.

With VEGAWELL 52, the electronics is completely integrated in

the transmitter. The cable end can be lead directly to a dry con-

nectioncompartment.Pressure compensation is then carried out

via the filter element of the capillaries.

Note:
The pressure compensation housing VEGABOX 02 is

recommended for connectingVEGAWELL 52.

It contains a high-quality ventilation filter and terminals. A protec-

tive cover is optionally available for use outdoors.

Mounting versions

The following illustrations show the different mounting versions

depending on the instrument type.

Mounting with straining clamp

2

3

1

Fig. 5: Straining clamp

1 Suspension cable

2 Suspension opening

3 Clamping jaws

Mounting with screw connection

1

2

3

4

5

6

Fig. 6: Screw connection

1 Suspension cable

2 Seal screw

3 Cone bushing

4 Seal cone

5 Screw connection

6 Seal

Mounting instructions

Process pressure/Hydrostatic – Pressure measurement 5
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Mounting with housing and thread

2

3

1

Fig. 7: Housing with threadG1½ A

1 Housing

2 Seal

3 Thread

Mounting instructions

6 Process pressure/Hydrostatic – Pressure measurement
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4 Electrical connection

4.1 General requirements

The supply voltage range can differ depending on the instrument

version. You can find exact specifications in chapter "Technical

data".

The national installation standards as well as the valid safety

regulations and accident prevention rules must be observed.

In hazardous areas you should take note of the appro-

priate regulations, conformity and type approval certifi-

cates of the sensors and power supply units.

4.2 Power supply

Supply voltage and current signal are carried on the same two-

wirecable.The requirementson thepowersupplyarespecified in

chapter "Technical data".

The VEGA power supply units VEGATRENN 149AEx, VEGAS-

TAB 690, VEGADIS 371 as well as VEGAMET signal condition-

ing instruments are suitable for power supply.When one of these

instruments is used, a reliable separation of the supply circuits

from the mains circuits according to DIN VDE 0106 part 101 is

ensured.

4.3 Connection cable

In general

Anouterdiameterof5…9mmensures theseal effectof thecable

entry. If electromagnetic interference is expected, screened ca-

ble should be used for the signal lines.

The sensors are connected with standard two-wire cable without

screen.

In Ex applications, the corresponding installation regu-

lations must be noted for the connection cable.

4.4 Cable screening and grounding

If screened cable is necessary, the cable screen must be con-

nected on both ends to ground potential. If potential equalisation

currents are expected, the connection on the evaluation side

must be made via a ceramic capacitor (e.g. 1 nF, 1500 V).

4.5 Wiring plan VEGAWELL 52 - 4… 20mA

Direct connection

4

1

2

2

3

Fig. 8: Wire assignment, suspension cable

1 blue (-): to power supply or to the processing system

2 brown (+): to power supply or to the processing system

3 Shielding

4 Breather capillaries with filter element

Connection via VEGABOX 02

1

2

–
+1

2
3

4
5

6

1
2

3
4

5
6

Fig. 9: Terminal assignment VEGABOX 02

1 To power supply or the processing system

2 Shielding
1)

Connection via housing

1
2

4

5

3

6

1

2

Fig. 10: Terminal assignment of the housing

1 To power supply or the processing system

2 Shielding
2)

Electrical connection

Process pressure/Hydrostatic – Pressure measurement 7

1)
Connect screen to ground terminal. Connect ground terminal on the outside of the housing as prescribed. The two terminals are galvanically

connected.
2)

Connect screen to ground terminal. Connect ground terminal on the outside of the housing as prescribed. The two terminals are galvanically

connected.3
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4.6 Wiring plan VEGAWELL 52 - 4 … 20 mA/

HART - Pt 100

Direct connection

1

8

2

3

4

5

6

7

Fig. 11: Wire assignment, connection cable

1 blue (-): to power supply or to the processing system

2 Brown (+): to power supply or to the processing system

3 White: for processing of the integrated Pt 100 (power supply)

4 Yellow: for processing of the integrated Pt 100 (measurement)

5 Red: for processing of the integrated Pt 100 (measurement)

6 Black: for processing of the integrated Pt 100 (power supply)

7 Shielding

8 Breather capillaries with filter element

Connection via VEGABOX 02

1

2

1

3

–
+1

2
3

4
5

6

1
2

3
4

5
6

Fig. 12: Terminal assignmentVEGABOX 02

1 To power supply or the processing system (signal pressure transmitter)

2 To power supply or the processing system (connectioncables resistance ther-

mometer Pt 100)

3 Shielding
3)

Connection via VEGABOX 02 with integrated temperature

sensor

1
2

3
4

-

-
+

m
A

+

1
2

1
2

1

2

3

–

–

+

+

Fig. 13: Terminal assignmentVEGABOX 02

1 To power supply or the processing system (signal pressure transmitter)

2 For voltage supply or to processing system (resistance thermometer Pt 100)

3 Shielding
4)

Connection via housing

1
2

4

5

3

6

1

3

2

Fig. 14: Terminal assignment of the housing

1 To power supply or the processing system (signal pressure transmitter)

2 For voltage supply or to processing system (resistance thermometer Pt 100)

3 Shielding
5)

Electrical connection

8 Process pressure/Hydrostatic – Pressure measurement

3)
Connect screen to ground terminal. Connect ground terminal on the outside of the housing as prescribed. The two terminals are galvanically

connected.
4)

Connect screen to ground terminal. Connect ground terminal on the outside of the housing as prescribed. The two terminals are galvanically

connected.
5)

Connect screen to ground terminal. Connect ground terminal on the outside of the housing as prescribed. The two terminals are galvanically

connected.
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5 Operation

5.1 Overview

VEGAWELL 52 4… 20mA

VEGAWELL 52 - 4… 20mA has no adjustment options.

VEGAWELL 52 4… 20mA/HART - Pt 100

l Adjustment software according to FDT/DTM standard, e.g.

PACTware and PC

l HART handheld

5.2 Adjustment with PACTware

Connecting the PC to the signal cable

1

5

2

3

4

Fig. 15: Connection of the PC to VEGABOX 02 or communication resistor

1 PC with PACTware

2 RS232 interface (with VEGACONNECT 3), USB interface (with VEGA-

CONNECT 4)

3 VEGACONNECT 3 or 4

4 Communication resistor 250Ω

5 Power supply unit

Necessary components:

l VEGAWELL 52

l PC with PACTware and suitable VEGA DTM

l VEGACONNECTwith HART adapter cable

l HART resistor approx. 250 Ω

l Power supply unit

Note:
With power supply units with integrated HART resist-

ance (internal resistance approx. 250 Ω), an additional

external resistance is not necessary (e.g.VEGATRENN

149A, VEGAMET 381/624/625, VEGASCAN 693). In

such cases, VEGACONNECT can be connected paral-

lel to the 4… 20mA cable.

Operation

Process pressure/Hydrostatic – Pressure measurement 9
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6 Technical data

Materials and weights

Materials, wetted parts

- Transmitter 316L, 316L with PE coating, 1.4462 (Duplex), 1.4462 with PE coating,

PVDF, Titanium

- Diaphragm sapphire ceramic® (99.9 % oxide ceramic)

- Measuring cell seal FKM (VP2/A) - FDA and KTW approved, FFKM (Perlast G75S), EPDM

(A+P 75.5/KW75F)

- Suspension cable PE (FDA and KTW-approved), FEP, PUR

- Cable gland on the transmitter 316L

- Process fitting 316L

- Straining clamp 1.4301

- Unassembled screw connection 316L, PVDF

- Threaded connection on the housing 316L

Materials, non-wetted parts

- Housing plastic PBT (Polyester), 316L

Weight approx.

- Basic weight 0.8 kg (1.764 lbs)

- Suspension cable 0.1 kg/m (0.07 lbs/ft)

- Straining clamp 0.2 kg (0.441 lbs)

- Screw connection 0.4 kg (0.882 lbs)

- Plastic housing 0.8 kg (1.764 lbs)

- Stainless steel housing 1.6 kg (3.528 lbs)

Input variable

Measured value Level

Measuring range see product code

Recommended max. turn down 10 : 1

Output variable

4… 20mA

Output signal 4… 20mA

Signal resolution 2 µA

Failure signal < 3.6 mA

Max. output current 22mA

Run-up time 2 s

Step response time 100ms (ti: 0 s, 0 … 63%)

Fulfilled NAMUR recommendations NE 43

4… 20mA/HART - Pt 100

Output signal 4… 20mA/HART

Signal resolution 2 µA

Failure signal < 3.6 mA; 20.5 mA; 22 mA; unchanged (adjustable via PACTware)

Max. output current 22mA

Run-up time 15 s

Step response time 200ms (ti: 0 s, 0 … 63%)

Fulfilled NAMUR recommendations NE 43

Additional output parameter - temperature

integrated resistance thermometer Pt 100 according to DIN EN 60751

Range -50… +100 °C (-58… +212 °F)

Resolution 1 °K

Deviation for 4… 20mA version6)

Specifications refer to the set span. Turn down (TD) = nominal measuring range/set span.

Deviation with version < 0.2 %

- Turn down 1 : 1 up to 5 : 1 < 0.2 %

- Turn down > 10 : 1 < 0.04 % x TD

Technical data

10 Process pressure/Hydrostatic – Pressure measurement

6)
Determined according to the limit point method according to IEC 60770, incl. non-linearity, hysteresis and non-repeatability.
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Deviation with version < 0.1 %

- Turn down 1 : 1 up to 5 : 1 < 0.1 %

- Turn down > 10 : 1 < 0.02 % x TD

Deviation for version 4… 20mA/HART - Pt 1007)

Applies to digitalHART interface as well as to analogue current output 4… 20mA.Specifications refer to the set span. Turn down (TD) is the

relation nominal measuring range/set span.

Deviation with version < 0.2 %

- Turn down 1 : 1 up to 5 : 1 < 0.2 %

- Turn down > 10 : 1 < 0.04 % x TD

Deviation with version < 0.1 %

- Turn down 1 : 1 up to 5 : 1 < 0.1 %

- Turn down > 10 : 1 < 0.02 % x TD

Influence of the product or ambient temperature

Applies to digitalHART interface as well as to analogue current output 4… 20mA.Specifications refer to the set span. Turn down (TD) is the

relation nominal measuring range/set span.

Average temperature coefficient of the zero signal

In the compensated temperature range of 0 … +80 °C (+32 … +176 °F), reference temperature 20 °C (68 °F).

Average temperature coefficient of the zero signal

- Turn down 1 : 1 < 0.05 %/10 K

- Turn down 1 : 1 up to 5 : 1 < 0.1 %/10 K

- Turn down > 10 : 1 < 0.15 %/10 K

Outside the compensated temperature range

Average temperature coefficient of the zero signal

- Turn down 1 : 1 typ. < 0.05%/10 K

Long-term stability (similar to DIN 16086, DINV 19259-1 and IEC 60770-1)

Applies to digitalHART interface as well as to analogue current output 4… 20mA.Specifications refer to the set span. Turn down (TD) is the

relation nominal measuring range/set span.

Long-term drift of the zero signal < (0.1 % x TD)/year

Ambient conditions

Ambient temperature

- Connection cable PE -40… +60 °C (-40… +140 °F)

- Connection cable PUR, FEP -40… +85 °C (-40… +185 °F)

Storage and transport temperature -20… +80 °C (-4 … +176 °F)

Process conditions

Process pressure

Max. process pressure, transmitter
8)

- Measuring range 0.1 bar (1.45 psig) 15 bar (218 psig)

- Measuring range 0.2 bar (2.9 psig) 20 bar (290 psig)

- Measuring range ≤ 0.4 bar (5.8 psig) 25 bar (363 psig)

Pressure stage, process fitting

- Unassembled screw connection 316L: PN 3, PVDF: unpressurized

- Thread on the housing PN 3

Product temperature, depending on the version

Technical data

Process pressure/Hydrostatic – Pressure measurement 11

7)
Determined according to the limit point method according to IEC 60770, incl. non-linearity, hysteresis and non-repeatability.

8)
Limited by the overpressure resistance of the measuring cell.3
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Suspension cable Transmitter Product temperature

PE All -20… +60 °C (-4 … +140 °F)

PUR All -20… +80 °C (-4 … +176 °F)

PUR PE coating -20… +60 °C (-4 … +140 °F)

FEP All -20… +80 °C (-4 … +176 °F)

FEP PE coating -20… +60 °C (-4 … +140 °F)

Vibration resistance mechanical vibrations with 4 g and 5 … 100 Hz
9)

Electromechanical data

Suspension cable

- Configuration six wires, one suspension cable, one breather capillary, screen braiding,

foil,mantle

- Tensile strength ≥ 1200 N (270 pound force)

- Max. length 1000m (3280 ft)

- Min. bending radius 25mm (with 25 °C/77 °F)

- Diameter approx. 8mm (0.315 in)

- colour (non-Ex/Ex) - PE black/blue

- colour (non-Ex/Ex) - PUR, FEP blue/blue

Cable entry housing or VEGABOX 02 1 x cable glandM20 x 1.5 (cable: ø 5… 9mm), 1 x blind stopperM20 x 1.5

Screw terminals for wire cross section 1.5mm² (AWG 16), screen up to 4mm² (AWG 12)

Supply voltage - 4… 20mA

Operating voltage 8… 36 V DC

Permissible residual ripple

- < 100 Hz Uss < 1 V

- 100 Hz … 10 kHz Uss < 10mV

Load see diagram

1272

955

600

300

12 1816148 10 20 22 24 26 28 29 30 32 34 36

Ω 

V 

2

1

Fig. 16: Voltage diagram

1 Voltage limit

2 Operating voltage

Supply voltage - 4… 20mA/HART - Pt 100

Operating voltage 9.6 … 36 V DC

Permissible residual ripple

- < 100 Hz Uss < 1 V

- 100 Hz … 10 kHz Uss < 10mV

Load see diagram

Technical data

12 Process pressure/Hydrostatic – Pressure measurement

9)
Tested according to the regulations of German Lloyd, GL directive 2.
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Fig. 17: Voltage diagram

1 HART load

2 Voltage limit

3 Operating voltage

Electrical protective measures

Protection

- Transmitter IP 68 (30 bar)

- Housing IP 66/IP 67

- VEGABOX 02 IP 65

Overvoltage category III

Protection class III

Existing approvals or approvals applied for

Gas explosion protection e.g. according to ATEX and IEC

Fire-damp protection e.g. according to ATEX

Overfill protection e.g. according toWHG

Ship approval e.g. according to GL, LRS, ABS, RINA

The available approvals can be selected via the configurator on www.vega.com.

Depending on the version, instrumentswith approvals can have different technical data. For these instruments, please note the corresponding

approval documents. They can be downloaded in the download section on www.vega.com.

CE conformity

EMC (2004/108/EG) EN 61326-1: 2006

LVD (2006/95/EG) EN 61010-1: 2001

Environmental instructions

VEGA environment management system certified according to DIN EN ISO 14001

You can find detailed information under www.vega.com.

Technical data

Process pressure/Hydrostatic – Pressure measurement 13
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7 Dimensions

VEGAWELL 52 - suspension cable 1
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Fig. 18: VEGAWELL 52 - suspension cable

1 TransmitterDuplex, with straining clamp

2 TransmitterDuplex for deepwells,with unassembledscrew connectionG1½A

(1½ NPT) and closing cap

3 TransmitterDuplex, with PE coating

4 Transmitter with screwed connection of PVDF

5 TransmitterTitanium/Titaniumwithglass leadthrough,with threadG1A (1NPT)

and plastic housing

VEGAWELL 52 - suspension cable 2
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Fig. 20: VEGAWELL 52 - suspension cable

1 Transmitter 316L, with straining clamp

2 Transmitter Titanium, with unassembled screw connectionG1 A (1 NPT)

VEGAWELL 52 - threaded fitting
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Fig. 22: VEGAWELL 52 - thread

1 Threaded fittingG½ innerG¼

2 Threaded fittingG1

Dimensions

14 Process pressure/Hydrostatic – Pressure measurement
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8 Product code

VEGAWELL 52

Approval

XX without

XM Ship approval

AX ATEX II 2G EEx ia IIC T6

AM ATEX II 2G EEx ia IIC T6 + Ship approval

AI IEC Ex ia IIC T6

Fastening / Material

X4 without

A4 Straining clamp / 1.4301(304)

GA Threaded fitting, unassembled G1½A PN3 / 316L

NP Threaded fitting, unassembled G1½A PN0,2 / PVDF

GC Threaded fitting, unassembled G1A PN3 / 316L

GK Thread G1½A PN3 / 316L with plastic housing

GV Thread G1½A PN3 / 316L w.hous. StSt (precision casting)

Version / Process temperature

A Suspension cable PE / -20...60°C

D Suspension cable PUR / -20...80°C

B Suspension cable FEP / -20...80°C 

Length

K 6 m suspension cable PE 

L 12 m suspension cable PE

M 27 m suspension cable PE

T individually selectable length (PE/PUR/FEP)

Transmitter material / Diameter

D Duplex 1.4462 / 32mm

V 316L / 22mm

K Duplex 1.4462 with PE coating / 35mm 

P PVDF / 44 mm

Seal measuring cell

1 FKM (VP2/A)

3 EPDM (A+P 75.5/KW75F)

P FFKM (Perlast G75S)

Measuring range

A rel. / 0...0.1 bar (0...10 kPa) 

B rel. / 0...0.2 bar (0...20 kPa)

C rel. / 0...0.4 bar (0...40 kPa)

D rel. / 0...1 bar (0...100 kPa)

E rel. / 0...2.5 bar (0...250 kPa)

F rel. / 0...5 bar (0...500 kPa) 

G rel. / 0...10 bar (0...1000 kPa)

2 abs. 0...2.5 bar (0...250kPa)

3 abs. 0...5.0 bar (0...500kPa)

Electronics

C 4...20mA

D 4...20mA/HART® + PT100 4-wire 

Deviation in characteristic

1 0.20

2 0.10

Transmitter options

X without

V for deep wells 

WL52.

Product code

Process pressure/Hydrostatic – Pressure measurement 15
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VEGA Grieshaber KG

Am Hohenstein 113

77761 Schiltach

Germany

Phone +49 7836 50-0

Fax +49 7836 50-201

E-Mail: info@de.vega.com

www.vega.com

You can find at www.vega.com

downloads of the following

l operating instructions manuals

l menu schematics

l software

l certificates

l approvals

and much, much more

Subject to change without prior notice 35400-EN-090130
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^�^ YZZceT_YZ [S\T_dVYX � � � � � � � � � � � � � � � � � � � b[

^�] YZZceT_YZ U_aZg\ eYZd_T_YZ_Za _ZUTVS[cZTU � � � � � � � � ac

^�\ Q_Te`�YZ X`gUc� � � � � � � � � � � � � � � � � � � � � � � � � � � � ab

] cT XgVg[cTcVU

]�b d^SUT[cZT UOUTc[ � � � � � � � � � � � � � � � � � � � � � � � � � � aa

]�a YdcU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � a`

]�` gVg[cTcV dcUeV_XT_YZ � � � � � � � � � � � � � � � � � � � � � � � � a_

\ cT SX UcZUYVU

\�b d^SUT T`c UcZUYV � � � � � � � � � � � � � � � � � � � � � � � � � � � `^

\�a eg\c T`c _Zd_egT_YZ � � � � � � � � � � � � � � � � � � � � � � � � � `^

\�` YVVceT UcZUYV gd^SUT[cZT � � � � � � � � � � � � � � � � � � � � `\

\�_ QgVcq gZd � � � � � � � � � � � � � � � `\

[ _gaZYU_U gZd UcVR_ec

[�b g_ZTcZgZec � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � `Z

[�a VVYV [cUUgacU � � � � � � � � � � � � � � � � � � � � � � � � � � � � `Z

[�` c[YRc _ZTcVbcVcZecU � � � � � � � � � � � � � � � � � � � � � � � � _c

[�_ YQ TY XVYeccd _Z egUc Yb VcXg_V� � � � � � � � � � � � � � � � _c

a ]a

YZTcZTU
`
]
_
]
Z
�

�b
a
c
`
a
Z
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Z _U[YSZT_Za

Z�b _U[YSZT_Za UTcXU � � � � � � � � � � � � � � � � � � � � � � � � � � _a

Z�a _UXYUg\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � _a

bc SXX\c[cZT

bc�b ce`Z_eg\ dgTg � � � � � � � � � � � � � � � � � � � � � � � � � � � � � _`

bc�a eY[[SZ_egT_YZ � � � � � � � � � � � � � � � � � � � � � � � � _^

bc�` _[cZU_YZU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � _[

gbcTO _ZUTVSeT_YZU bYV P gVcgU

\cgUc ZYTc T`c P�UXce_®e UgbcTO _ZbYV[gT_YZ bYV _ZUTg\\gT_YZ gZd

YXcVgT_YZ _Z P gVcgU� `cUc UgbcTO _ZUTVSeT_YZU gVc XgVT Yb T`c

YXcVgT_Za _ZUTVSeT_YZU [gZSg\ gZd eY[c Q_T` T`c P�gXXVYRcd

_ZUTVS[cZTU�

d_T_Za UTgTSU� acba�c`�bZ

]a `

YZTcZTU
`
]
_
]
Z
�

�b
a
c
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a
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b fYST T`_U dYeS[cZT

b�b SZeT_YZ

`_U YXcVgT_Za _ZUTVSeT_YZU [gZSg\ XVYR_dcU g\\ T`c _ZbYV[gT_YZ OYS

Zccd bYV [YSZT_Za� eYZZceT_YZ gZd UcTSX gU Qc\\ gU _[XYVTgZT

_ZUTVSeT_YZU bYV [g_ZTcZgZec gZd bgS\T VceT_®egT_YZ� \cgUc Vcgd T`_U

_ZbYV[gT_YZ fcbYVc XSTT_Za T`c _ZUTVS[cZT _ZTY YXcVgT_YZ gZd ]ccX T`_U

[gZSg\ geecUU_f\c _Z T`c _[[cd_gTc R_e_Z_TO Yb T`c dcR_ec�

b�a gVacT aVYSX

`_U YXcVgT_Za _ZUTVSeT_YZU [gZSg\ _U d_VceTcd TY TVg_Zcd WSg\_®cd

XcVUYZZc\� `c eYZTcZTU Yb T`_U [gZSg\ U`YS\d fc [gdc gRg_\gf\c TY

T`cUc XcVUYZZc\ gZd XST _ZTY XVgeT_ec fO T`c[�

b�` O[fY\_U[ SUcd

ZbYV[gT_YZ� T_X� ZYTc

`_U UO[fY\ _Zd_egTcU `c\XbS\ gdd_T_YZg\ _ZbYV[gT_YZ�

gST_YZ� b T`_U QgVZ_Za _U _aZYVcd� bgS\TU YV [g\bSZeT_YZU egZ

VcUS\T�

gVZ_Za� b T`_U QgVZ_Za _U _aZYVcd� _Z^SVO TY XcVUYZU gZdqYV UcV_YSU

dg[gac TY T`c _ZUTVS[cZT egZ VcUS\T�

gZacV� b T`_U QgVZ_Za _U _aZYVcd� UcV_YSU _Z^SVO TY XcVUYZU gZdqYV

dcUTVSeT_YZ Yb T`c _ZUTVS[cZT egZ VcUS\T�

P gXX\_egT_YZU

`_U UO[fY\ _Zd_egTcU UXce_g\ _ZUTVSeT_YZU bYV P gXX\_egT_YZU�

¦ _UT

`c dYT UcT _Z bVYZT _Zd_egTcU g \_UT Q_T` ZY _[X\_cd UcWScZec�

Z eT_YZ

`_U gVVYQ _Zd_egTcU g U_Za\c geT_YZ�

b cWScZec

S[fcVU UcT _Z bVYZT _Zd_egTc USeecUU_Rc UTcXU _Z g XVYecdSVc�

_ ]a

b fYST T`_U dYeS[cZT
`
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a YV OYSV UgbcTO

a�b ST`YV_Ucd XcVUYZZc\

\\ YXcVgT_YZU dcUeV_fcd _Z T`_U YXcVgT_Za _ZUTVSeT_YZU [gZSg\ [SUT fc

egVV_cd YST YZ\O fO TVg_Zcd UXce_g\_UT XcVUYZZc\ gST`YV_Ucd fO T`c X\gZT

YXcVgTYV�

SV_Za QYV] YZ gZd Q_T` T`c dcR_ec T`c VcWS_Vcd XcVUYZg\ XVYTceT_Rc

cWS_X[cZT [SUT g\QgOU fc QYVZ�

a�a XXVYXV_gTc SUc

`c ]a _U gZ _Zd_egT_Za gZd gd^SUT[cZT SZ_T Q_T`YST cPTcVZg\
cZcVaO bYV \YYX_Za _ZTY _ � ac [ q e_VeS_TU�

YS egZ ®Zd dcTg_\cd _ZbYV[gT_YZ YZ T`c gXX\_egT_YZ VgZac _Z e`gXTcV

© VYdSeT dcUeV_XT_YZ©�

XcVgT_YZg\ Vc\_gf_\_TO _U cZUSVcd YZ\O _b T`c _ZUTVS[cZT _U XVYXcV\O SUcd

geeYVd_Za TY T`c UXce_®egT_YZU _Z T`c YXcVgT_Za _ZUTVSeT_YZU [gZSg\ gU

Qc\\ gU XYUU_f\c USXX\c[cZTgVO _ZUTVSeT_YZU�

a�` gVZ_Za gfYST [_USUc

ZgXXVYXV_gTc YV _ZeYVVceT SUc Yb T`c _ZUTVS[cZT egZ a_Rc V_Uc TY

gXX\_egT_YZ�UXce_®e `gNgVdU� c�a� RcUUc\ YRcV®\\ YV dg[gac TY UOUTc[

eY[XYZcZTU T`VYSa` _ZeYVVceT [YSZT_Za YV gd^SUT[cZT�

a�_ cZcVg\ UgbcTO _ZUTVSeT_YZU

`_U _U g UTgTc�Yb�T`c�gVT _ZUTVS[cZT eY[X\O_Za Q_T` g\\ XVcRg_\_Za

VcaS\gT_YZU gZd aS_dc\_ZcU� `c _ZUTVS[cZT [SUT YZ\O fc YXcVgTcd _Z g

Tce`Z_eg\\O ¬gQ\cUU gZd Vc\_gf\c eYZd_T_YZ� `c YXcVgTYV _U VcUXYZU_f\c

bYV T`c TVYSf\c�bVcc YXcVgT_YZ Yb T`c _ZUTVS[cZT�

SV_Za T`c cZT_Vc dSVgT_YZ Yb SUc� T`c SUcV _U Yf\_acd TY dcTcV[_Zc T`c

eY[X\_gZec Yb T`c ZcecUUgVO YeeSXgT_YZg\ UgbcTO [cgUSVcU Q_T` T`c

eSVVcZT Rg\_d VS\cU gZd VcaS\gT_YZU gZd g\UY Tg]c ZYTc Yb ZcQ

VcaS\gT_YZU�

`c UgbcTO _ZUTVSeT_YZU _Z T`_U YXcVgT_Za _ZUTVSeT_YZU [gZSg\� T`c

ZgT_YZg\ _ZUTg\\gT_YZ UTgZdgVdU gU Qc\\ gU T`c Rg\_d UgbcTO VcaS\gT_YZU

gZd gee_dcZT XVcRcZT_YZ VS\cU [SUT fc YfUcVRcd fO T`c SUcV�

YV UgbcTO gZd QgVVgZTO VcgUYZU� gZO _ZRgU_Rc QYV] YZ T`c dcR_ec

fcOYZd T`gT dcUeV_fcd _Z T`c YXcVgT_Za _ZUTVSeT_YZU [gZSg\ [gO fc

egVV_cd YST YZ\O fO XcVUYZZc\ gST`YV_Ucd fO T`c [gZSbgeTSVcV� Vf_TVgVO

eYZRcVU_YZU YV [Yd_®egT_YZU gVc cPX\_e_T\O bYVf_ddcZ�

`c UgbcTO gXXVYRg\ [gV]_ZaU gZd UgbcTO T_XU YZ T`c dcR_ec [SUT g\UY

fc YfUcVRcd�

]a ^

a YV OYSV UgbcTO
`
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a�^ eYZbYV[_TO

`c dcR_ec bS\®\\U T`c \cag\ VcWS_Vc[cZTU Yb T`c gXX\_egf\c

aS_dc\_ZcU� O g¯P_Za T`c [gV]_Za� Qc eYZ®V[ USeecUUbS\ TcUT_Za

Yb T`c XVYdSeT�

YS egZ ®Zd T`c eYZbYV[_TO ecVT_®egTc _Z T`c dYQZ\Ygd UceT_YZ SZdcV

QQQ�Rcag�eY[�

a�] S\®\\[cZT Yb VceY[[cZdgT_YZU

`c dcR_ec bS\®\\U T`c VcWS_Vc[cZTU Yb T`c gXX\_egf\c

VceY[[cZdgT_YZU�

a�\ ZR_VYZ[cZTg\ _ZUTVSeT_YZU

VYTceT_YZ Yb T`c cZR_VYZ[cZT _U YZc Yb YSV [YUT _[XYVTgZT dST_cU� `gT

_U Q`O Qc `gRc _ZTVYdSecd gZ cZR_VYZ[cZT [gZgac[cZT UOUTc[ Q_T`

T`c aYg\ Yb eYZT_ZSYSU\O _[XVYR_Za eY[XgZO cZR_VYZ[cZTg\ XVYTceT_YZ�

`c cZR_VYZ[cZT [gZgac[cZT UOUTc[ _U ecVT_®cd geeYVd_Za TY

b_ccb�

\cgUc `c\X SU bS\®\ T`_U Yf\_agT_YZ fO YfUcVR_Za T`c cZR_VYZ[cZTg\

_ZUTVSeT_YZU _Z T`_U [gZSg\�

¦ `gXTcV © ge]ga_Za� TVgZUXYVT gZd UTYVgac©

¦ `gXTcV © _UXYUg\©

] ]a

a YV OYSV UgbcTO
`
]
_
]
Z
�
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a
c
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a
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` VYdSeT dcUeV_XT_YZ

`�b TVSeTSVc

`c _Zd_egT_Za gZd gd^SUT[cZT SZ_T ]a eYZU_UTU Yb g `YSU_Za
Q_T` g TcV[_Zg\ _ZUcVT gU Qc\\ gU gZ _ZTcaVgTcd _Zd_egT_Za gZd

gd^SUT[cZT [YdS\c� cXcZdcZT YZ T`c YVdcV UXce_®egT_YZ� g [YSZT_Za

gdgXTcV bYV Qg\\� egVV_cV Vg_\ YV TSfc [YSZT_Za fc\YZaU TY T`c `YSU_Za�

`c TOXc \gfc\ YZ T`c `YSU_Za eYZTg_ZU T`c [YUT _[XYVTgZT dgTg bYV

_dcZT_®egT_YZ gZd SUc Yb T`c _ZUTVS[cZT�

î

ï

è

é

í
ì

ë

ê

_a� b� TVSeTSVc Yb T`c TOXc \gfc\ dcPg[X\cc

b ZUTVS[cZT TOXc

a VYdSeT eYdc

` Y\Tgac USXX\Oq _aZg\ YSTXST

_ VYTceT_YZ VgT_Za

^ [f_cZT Tc[XcVgTSVc

] VdcV ZS[fcV

\ cV_g\ ZS[fcV Yb T`c _ZUTVS[cZT

[ YeS[cZT

_T` T`c UcV_g\ ZS[fcV Yb T`c _ZUTVS[cZT YZ T`c TOXc \gfc\ OYS `gRc

geecUU TY T`c bY\\YQ_Za dgTg YZ YSV `Y[cXgac�

¦ VT_e\c ZS[fcV Yb T`c _ZUTVS[cZT d c

¦ c\_RcVO dgTc d c

¦ VdcV�UXce_®e _ZUTVS[cZT bcgTSVcU d c

¦ XcVgT_Za _ZUTVSeT_YZU gT T`c T_[c Yb U`_X[cZT d c

¦ VdcV�UXce_®e UcZUYV dgTg bYV gZ c\ceTVYZ_eU cPe`gZac d c

¦ cUT ecVT_®egTc © cgUSV_Za eeSVgeO© d c

Y TY QQQ�Rcag�eY[� © cVR_ec© © YY\U© gZd ©UcV_g\ ZS[fcV

UcgVe`©�

`_U YXcVgT_Za _ZUTVSeT_YZU [gZSg\ gXX\_cU TY T`c bY\\YQ_Za _ZUTVS[cZT

RcVU_YZU�

¦ YbTQgVc bVY[ a�cc

¦ YbTQgVc bVY[ a�bc dQ_T` T`c bSZeT_YZU gUUQYVd gZd YaYSTc

YZUT_TScZT XgVTU

OXc \gfc\

cV_g\ ZS[fcV

eYXc Yb T`c YXcVgT_Za

_ZUTVSeT_YZU [gZSg\

]a \

` VYdSeT dcUeV_XT_YZ
`
]
_
]
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`c UeYXc Yb dc\_RcVO cZeY[XgUUcU�

¦ Zd_egT_Za gZd gd^SUT[cZT SZ_T

¦ YeS[cZTgT_YZ

T`_U YXcVgT_Za _ZUTVSeT_YZU [gZSg\

P�UXce_®e © gbcTO _ZUTVSeT_YZU© dQ_T` P RcVU_YZUc

_b ZcecUUgVO� bSVT`cV ecVT_®egTcU

`�a V_Ze_X\c Yb YXcVgT_YZ

`c ]a _U gZ cPTcVZg\ _Zd_egT_Za gZd gd^SUT[cZT SZ_T Q_T`YST
cPTcVZg\ cZcVaO bYV _� ac [ q UcZUYVU� `c _ZUTVS[cZT _U SUcd

bYV Vc[YTc [cgUSVcd Rg\Sc _Zd_egT_YZ gZd gd^SUT[cZT� T _U \YYXcd _Z

gZO XYU_T_YZ d_VceT\O _ZTY T`c U_aZg\ egf\c�

`c `YSU_Za Yb ]a eYZTg_ZU g ®\TcV c\c[cZT bYV RcZT_\gT_YZ�
cZec T`c _ZUTSV[cZT _U g\UY SUcd bYV gT[YUX`cV_e XVcUUSVc

eY[XcZUgT_YZ Yb g eYZZceTcd USUXcZU_YZ XVcUUSVc TVgZU[_TTcV

^a�

_a� a� YZZceT_YZ Yb T`c ]a TY g USUXcZU_YZ XVcUUSVc TVgZU[_TTcV

`c ]a egZ fc g\UY SUcd gU cPTcVZg\ _Zd_egT_YZ bYV g bYSV�
Q_Vc UcZUYV YV g U_aZg\ eYZd_T_YZ_Za _ZUTVS[cZT Q_T` geT_Rc

_ � ac [ YSTXST�

`c ]a _U US_Tgf\c bYV YXcVgT_YZ Yb g\\ eYZT_ZSYSU\O
[cgUSV_Za UcZUYVU Q_T` YSTXST ^�c�

eYXc Yb dc\_RcVO

XX\_egT_YZ gVcg

XcVgT_YZ

[ ]a

` VYdSeT dcUeV_XT_YZ
`
]
_
]
Z
�

�b
a
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¦ gdgV gZd S\TVgUYZ_e UcZUYVU

¦ cZUYVU Q_T` aS_dcd [_eVYQgRc

¦ gXge_T_Rc XVYfcU

¦ VcUUSVc TVgZU[_TTcV

¦ VcR_YSU _ZUTVS[cZT RcVU_YZU dVcX\gec[cZT bYV bac

`c YXcVgT_YZ Yb VcUXceT_Rc UcZUYVU bVY[ YT`cV [gZSbgeTSVcVU _U g\UY

XYUU_f\c�

`c ]a geTU \_]c g `gZd`c\d Q_T` \_[_Tcd bSZeT_YZU�

`c bY\\YQ_Za gd^SUT[cZT bSZeT_YZU gVc gRg_\gf\c�

¦ _Z�q gP� gd^SUT[cZT

¦ NcVYqUXgZ gd^SUT[cZT d\_Rc gd^SUT[cZTc

¦ g[X_Za

gU_e [Ydc� Q`cZ SUcd _Z g _ � ac [ U_aZg\ egf\c� T`c

]a QYV]U gU g XSVc _Zd_egT_Za _ZUTVS[cZT� T [cgUSVcU T`c eSVVcZT _Z T`c
eSVVcZT \YYX gZd U`YQU _T gU d_a_Tg\ Rg\Sc gU Qc\\ gU R_g g fgVaVgX`� \\

UcTT_ZaU Yb ]a gVc egVV_cd YST [gZSg\\O R_g T`c fSTTYZU _Z T`c

bVYZT�

d^SUT[cZT RY\S[c� Zd_egT_YZ Ueg\_Za

UTgZdgVd� Q`cZ SUcd Q_T` g _ � ac [ q UcZUYV� T`c

]a YXcVgTcU gU gSTY[gT_e _Zd_egT_Za gZd gd^SUT[cZT

_ZUTVS[cZT� `c ]a XYQcVcd R_g T`c eSVVcZT \YYX \_UTcZU

eYZT_ZSYSU\O TY T`c eY[[SZ_egT_YZ Yb T`c eYZTVY\ UOUTc[ Q_T`

T`c UcZUYV� `gZacU Yb SZ_T gZdqYV [cgUSV_Za VgZac gVc gdgXTcd

gSTY[gT_eg\\O�

`c XgVg[cTcV gd^SUT[cZT Yb T`c UcZUYV _U egVV_cd YST R_g

eY[[SZ_egT_YZ� SV_Za T`c XgVg[cTcV gd^SUT[cZT� T`c ]a
YXcVgTcU gU g ceYZdgVO gUTcV TY T`c UcZUYV�

d^SUT[cZT RY\S[c� cZUYV bSZeT_YZU� _Zd_egT_YZ Ueg\_Za

[S\T_dVYX� `c ]a egZ g\UY fc SUcd gU _Zd_egTYV bYV
g fSU XgVT_e_XgZT YZ g [S\T_dVYX UOUTc[� YV T`_U XSVXYUc� _T _U

\YYXcd _ZTY T`c fSU gZd T`c gddVcUU Yb T`c XgVT_e_XgZT _U UcT _Z T`c

]a� `c _ZUTVS[cZT VcgdU YST T`c [cgUSVcd Rg\ScU Q_T` SZ_T

R_g T`c U_aZg\ gZd d_UX\gOU T`c[�

d^SUT[cZT RY\S[c� cZUYV bSZeT_YZ dg[X_Za� _Zd_egT_YZ Ueg\_Za

`�` ge]ga_Za� TVgZUXYVT gZd UTYVgac

YSV _ZUTVS[cZT QgU XVYTceTcd fO Xge]ga_Za dSV_Za TVgZUXYVT� TU

egXge_TO TY `gZd\c ZYV[g\ \YgdU dSV_Za TVgZUXYVT _U gUUSVcd fO g TcUT

geeYVd_Za TY a_b[c�

`c Xge]ga_Za Yb UTgZdgVd _ZUTVS[cZTU eYZU_UTU Yb cZR_VYZ[cZT�

bV_cZd\O� VceOe\gf\c egVdfYgVd� YV UXce_g\ RcVU_YZU� bYg[ YV bY_\

_U g\UY SUcd� _UXYUc Yb T`c Xge]ga_Za [gTcV_g\ R_g UXce_g\_Ucd

VceOe\_Za eY[XgZ_cU�

YdcU

ge]ga_Za

]a Z

` VYdSeT dcUeV_XT_YZ
`
]
_
]
Z
�

�b
a
c
`
a
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VgZUXYVT [SUT fc egVV_cd YST SZdcV eYZU_dcVgT_YZ Yb T`c ZYTcU YZ T`c

TVgZUXYVT Xge]ga_Za� YZYfUcVRgZec Yb T`cUc _ZUTVSeT_YZU egZ egSUc

dg[gac TY T`c dcR_ec�

`c dc\_RcVO [SUT fc e`ce]cd bYV eY[X\cTcZcUU gZd XYUU_f\c TVgZU_T

dg[gac _[[cd_gTc\O gT Vcec_XT� UecVTg_Zcd TVgZU_T dg[gac YV

eYZecg\cd dcbceTU [SUT fc gXXVYXV_gTc\O dcg\T Q_T`�

X TY T`c T_[c Yb _ZUTg\\gT_YZ� T`c Xge]gacU [SUT fc \cbT e\YUcd gZd

UTYVcd geeYVd_Za TY T`c YV_cZTgT_YZ gZd UTYVgac [gV]_ZaU YZ T`c

YSTU_dc�

Z\cUU YT`cVQ_Uc _Zd_egTcd� T`c Xge]gacU [SUT fc UTYVcd YZ\O SZdcV

T`c bY\\YQ_Za eYZd_T_YZU�

¦ YT _Z T`c YXcZ

¦ VO gZd dSUT bVcc

¦ YT cPXYUcd TY eYVVYU_Rc [cd_g

¦ VYTceTcd gag_ZUT UY\gV Vgd_gT_YZ

¦ RY_d_Za [ce`gZ_eg\ U`Ye] gZd R_fVgT_YZ

¦ TYVgac gZd TVgZUXYVT Tc[XcVgTSVc Ucc e`gXTcV © SXX\c[cZT �

ce`Z_eg\ dgTg � [f_cZT eYZd_T_YZU©

¦ c\gT_Rc `S[_d_TO ac � [^

VgZUXYVT

VgZUXYVT _ZUXceT_YZ

TYVgac

TYVgac gZd TVgZUXYVT

Tc[XcVgTSVc

bc ]a

` VYdSeT dcUeV_XT_YZ
`
]
_
]
Z
�

�b
a
c
`
a
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_ YSZT_Za

_�b cZcVg\ _ZUTVSeT_YZU

Uc T`c VceY[[cZdcd egf\cU dUcc e`gXTcV © YZZceT_Za TY XYQcV

USXX\O©c gZd T_a`TcZ T`c egf\c a\gZd�

YS egZ a_Rc OYSV _ZUTVS[cZT gdd_T_YZg\ XVYTceT_YZ gag_ZUT [Y_UTSVc

XcZcTVgT_YZ fO \cgd_Za T`c eYZZceT_YZ egf\c dYQZQgVd _Z bVYZT Yb T`c

egf\c cZTVO� g_Z gZd eYZdcZUgT_YZ QgTcV egZ T`SU dVg_Z Y°� `_U

gXX\_cU [g_Z\O TY YSTdYYV [YSZT_Za gU Qc\\ gU _ZUTg\\gT_YZ _Z gVcgU

Q`cVc `_a` `S[_d_TO _U cPXceTcd dc�a� T`VYSa` e\cgZ_Za XVYecUUcUc YV

YZ eYY\cd YV `cgTcd RcUUc\U�

_�a ZUTVSeT_YZU bYV _ZUTg\\gT_YZ

]a bYV Qg\\ [YSZT_Za _U USXX\_cd Q_T` g [YSZT_Za UYe]cT�

êî ³³

øîòììþ÷

ïî ³³
øðòìéþ÷

é
³

³
øð

òî
è

þ÷

èë ³³ øíòíëþ÷

_a� `� ]a bYV Qg\\ [YSZT_Za� fYTTY[ R_cQ Yb [YSZT_Za X\gTc�

b V_\\_Za d_[cZU_YZU

]a bYV [YSZT_Za YZ egVV_cV Vg_\ _U USXX\_cd Q_T` g [YSZT_Za

gdgXTcV�

ï î

_a� _� ]a bYV egVV_cV Vg_\ [YSZT_Za

b gVV_cV Vg_\ gdgXTcV

a gVV_cV Vg_\

Y_UTSVc

g\\ [YSZT_Za

gVV_cV Vg_\ [YSZT_Za

]a bb

_ YSZT_Za
`
]
_
]
Z
�

�b
a
c
`
a
Z
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]a bYV TSfc [YSZT_Za _U USXX\_cd Q_T` g [cgU� _ZUTVS[cZT

`Y\dcV gZd bYSV UeVcQU ^ P ba gU [YSZT_Za geecUUYVO� `c [cgU�

_ZUTVS[cZT `Y\dcV _U [YSZTcd TY T`c UYe]cT Yb ]a�

ï

í

î

_a� ^� ]a bYV TSfc [YSZT_Za

b _ UeVcQU ^ P ba

a cgUSV_Za _ZUTVS[cZT `Y\dcV

` Sfc

Sfc [YSZT_Za

ba ]a

_ YSZT_Za
`
]
_
]
Z
�

�b
a
c
`
a
Z
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^ YZZceT_Za TY XYQcV USXX\O

^�b VcXgV_Za T`c eYZZceT_YZ

\QgOU ]ccX _Z [_Zd T`c bY\\YQ_Za UgbcTO _ZUTVSeT_YZU�

¦ YZZceT YZ\O _Z T`c eY[X\cTc gfUcZec Yb \_Zc RY\Tgac

¦ b RY\Tgac USVacU gVc cPXceTcd� _ZUTg\\ YRcVRY\Tgac gVVcUTcVU

YQcV USXX\O gZd eSVVcZT U_aZg\ gVc egVV_cd YZ T`c Ug[c TQY�Q_Vc

egf\c� `c RY\Tgac USXX\O VgZac egZ d_°cV dcXcZd_Za YZ T`c UcZUYV�

`c dgTg bYV XYQcV USXX\O gVc UXce_®cd _Z e`gXTcV © ce`Z_eg\ dgTg©�

VYR_dc g Vc\_gf\c UcXgVgT_YZ fcTQccZ T`c USXX\O e_VeS_T gZd T`c [g_ZU

e_VeS_TU geeYVd_Za TY cbc] XgVT bcb�

ccX _Z [_Zd T`c bY\\YQ_Za gdd_T_YZg\ bgeTYVU T`gT _Z¬ScZec T`c

YXcVgT_Za RY\Tgac�

¦ STXST RY\Tgac Yb T`c XYQcV USXX\O SZ_T egZ fc \YQcV SZdcV

ZY[_Zg\ \Ygd dQ_T` g UcZUYV eSVVcZT Yb ac�^ [ VcUX� aa [ _Z

egUc Yb bgS\T [cUUgacc

¦ Z¬ScZec Yb gdd_T_YZg\ _ZUTVS[cZTU _Z T`c e_VeS_T dUcc \Ygd Rg\ScU _Z

e`gXTcV © ce`Z_eg\ dgTg©c

XcVgT_YZ Yb ]a _Z g [S\T_dVYX UOUTc[ Q_T` T`c U_aZg\

eYZd_T_YZ_Za _ZUTVS[cZTU ]a^ YV ]Z` _U ZYT

USXXYVTcd�

`c _ZUTVS[cZT _U eYZZceTcd Q_T` UTgZdgVd TQY�Q_Vc egf\c Q_T`YST

UeVccZ� b c\ceTVY[gaZcT_e _ZTcVbcVcZec _U cPXceTcd Q`_e` _U gfYRc T`c

TcUT Rg\ScU Yb ]b`a]�b bYV _ZdSUTV_g\ gVcgU� UeVccZcd egf\c U`YS\d

fc SUcd�

YV _ZUTVS[cZTU Q_T` `YSU_Za gZd egf\c a\gZd� SUc egf\c Q_T` VYSZd

eVYUU�UceT_YZ� egf\c YSTcV d_g[cTcV Yb ^ � Z [[ dc�a � c�`^ _Zc
cZUSVcU T`c Ucg\ c°ceT Yb T`c egf\c a\gZd� b OYS gVc SU_Za egf\c Q_T` g

d_°cVcZT d_g[cTcV� cPe`gZac T`c Ucg\ YV SUc g US_Tgf\c egf\c a\gZd�

c acZcVg\\O VceY[[cZd T`c SUc Yb UeVccZcd egf\c bYV

[S\T_dVYX [Ydc�

_T` X\gUT_e `YSU_Za� T`c egf\c a\gZd YV T`c YZdS_T UTcc\ TSfc

[SUT fc UeVcQcd Q_T`YST aVcgUc _ZTY T`c T`Vcgdcd _ZUcVT�

gP� TYVWSc bYV g\\ `YSU_ZaU Ucc e`gXTcV © ce`Z_eg\ dgTg©

b UeVccZcd egf\c _U ZcecUUgVO� eYZZceT T`c egf\c UeVccZ YZ fYT` cZdU

TY aVYSZd XYTcZT_g\� Z T`c UcZUYV� T`c UeVccZ [SUT fc eYZZceTcd

d_VceT\O TY T`c _ZTcVZg\ aVYSZd TcV[_Zg\� `c aVYSZd TcV[_Zg\ YZ T`c

YSTU_dc Yb T`c `YSU_Za [SUT fc eYZZceTcd TY T`c XYTcZT_g\ cWSg\_UgT_YZ

d\YQ _[XcdgZecc�

gbcTO _ZUTVSeT_YZU

Y\Tgac USXX\O

YZZceT_YZ egf\c

gf\c a\gZd

gf\c UeVccZ_Za gZd

aVYSZd_Za

]a b`

^ YZZceT_Za TY XYQcV USXX\O
`
]
_
]
Z
�

�b
a
c
`
a
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b XYTcZT_g\ cWSg\_UgT_YZ eSVVcZTU gVc cPXceTcd� T`c eYZZceT_YZ YZ T`c

XVYecUU_Za U_dc [SUT fc [gdc R_g g ecVg[_e egXge_TYV dc� a� b Z �
b^cc c� `c \YQ bVcWScZeO XYTcZT_g\ cWSg\_UgT_YZ eSVVcZTU gVc T`SU

USXXVcUUcd� fST T`c XVYTceT_Rc c°ceT gag_ZUT `_a` bVcWScZeO _ZTcVbcV�

cZec U_aZg\U Vc[g_ZU�

gVZ_Za�

_aZ_®egZT XYTcZT_g\ d_°cVcZecU cP_UT _ZU_dc ag\RgZ_NgT_YZ X\gZTU gU

Qc\\ gU YZ RcUUc\U Q_T` egT`Yd_e eYVVYU_YZ XVYTceT_YZ� YZU_dcVgf\c

cWSg\_UgT_YZ eSVVcZTU egZ ¬YQ YRcV T`c egf\c UeVccZ _b T`c UeVccZ _U

aVYSZdcd YZ fYT` cZdU�

Y gRY_d T`_U _Z USe` gXX\_egT_YZU� T`c egf\c UeVccZ [SUT fc eYZZceTcd

TY aVYSZd XYTcZT_g\ YZ\O gT YZc cZd d_Z T`c UQ_Te`_Za egf_ZcTc� `c

egf\c UeVccZ [SUT ZYT fc eYZZceTcd TY T`c _ZTcVZg\ aVYSZd TcV[_Zg\ _Z

T`c UcZUYV gZd T`c YSTcV aVYSZd TcV[_Zg\ YZ T`c `YSU_Za [SUT ZYT fc

eYZZceTcd TY T`c XYTcZT_g\ cWSg\_UgT_YZ�

ZbYV[gT_YZ�

`c [cTg\ XgVTU Yb T`c _ZUTVS[cZT dgZTcZZg� TVgZU[_TTcV� eYZecZTV_e

TSfc� cTe�c gVc eYZdSeT_Rc eYZZceTcd Q_T` T`c _ZZcV gZd YSTcV aVYSZd

TcV[_Zg\ YZ T`c `YSU_Za� `_U eYZZceT_YZ cP_UTU c_T`cV d_VceT\O [cTg\\_e

YV Q_T` _ZUTVS[cZTU Q_T` cPTcVZg\ c\ceTVYZ_eU R_g T`c UeVccZ Yb T`c

UXce_g\ eYZZceT_YZ egf\c�

YS egZ ®Zd UXce_®egT_YZU TY T`c XYTcZT_g\ eYZZceT_YZU Q_T`_Z T`c

_ZUTVS[cZT _Z e`gXTcV © ce`Z_eg\ dgTg©�

^�a YZZceT_YZ Tce`ZY\YaO gZd UTcXU

`c eYZZceT_YZ Yb T`c U_aZg\ egf\c _U egVV_cd YST R_g UXV_Za�\Ygdcd

TcV[_Zg\U _Z T`c `YSU_Za�

`c _Zd_egT_Za gZd gd^SUT[cZT [YdS\c _U eYZZceTcd R_g g egf\c Q_T`

eYSX\_Za TY T`c `YSU_Za�

VYeccd gU bY\\YQU�

b ZUeVcQ T`c `YSU_Za eYRcV

YZZceT_YZ Tce`ZY\YaO

YZZceT_YZ XVYecdSVc

b_ ]a

^ YZZceT_Za TY XYQcV USXX\O
`
]
_
]
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�

�b
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a c[YRc T`c _Zd_egT_Za gZd gd^SUT[cZT [YdS\c fO TSVZ_Za _T U\_a`T\O

TY T`c \cbT

_a� ]� _U[YSZT_Za Yb T`c _Zd_egT_Za gZd gd^SUT[cZT [YdS\c

` YYUcZ eY[XVcUU_YZ ZST Yb T`c egf\c a\gZdU

_ c[YRc gXXVYP� bc e[ d_ _Zc Yb T`c U_aZg\ egf\c [gZT\c� UTV_X

gXXVYP� b e[ dc�_ _Zc _ZUS\gT_YZ bVY[ T`c cZdU Yb T`c _Zd_R_dSg\
Q_VcU

]a b^

^ YZZceT_Za TY XYQcV USXX\O
`
]
_
]
Z
�

�b
a
c
`
a
Z
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^ ZUcVT T`c egf\c _ZTY T`c UcZUYV T`VYSa` T`c egf\c cZTVO

_a� \� YZZceT_YZ UTcXU ^ gZd ]

] ZUcVT T`c Q_Vc cZdU _ZTY T`c TcV[_Zg\U geeYVd_Za TY T`c Q_V_Za X\gZ

YTc�

Y\_d eYVcU gU Qc\\ gU ¬cP_f\c eYVcU Q_T` egf\c cZd U\ccRcU gVc

_ZUcVTcd d_VceT\O _ZTY T`c TcV[_Zg\ YXcZ_ZaU� Z egUc Yb ¬cP_f\c eYVcU

Q_T`YST cZd U\ccRcU� XVcUU T`c TcV[_Zg\ Q_T` g U[g\\ UeVcQdV_RcV� T`c

TcV[_Zg\ YXcZ_Za _U bVccd� `cZ T`c UeVcQdV_RcV _U Vc\cgUcd� T`c

TcV[_Zg\ e\YUcU gag_Z�

\ `ce] T`c `Y\d Yb T`c Q_VcU _Z T`c TcV[_Zg\U fO \_a`T\O XS\\_Za YZ

T`c[

[ YZZceT T`c UeVccZ TY T`c _ZTcVZg\ aVYSZd TcV[_Zg\� eYZZceT T`c

YSTcV aVYSZd TcV[_Zg\ TY XYTcZT_g\ cWSg\_UgT_YZ

Z TTge` T`c _Zd_egT_Za gZd gd^SUT[cZT [YdS\c gag_Z gZd TSVZ _T

U\_a`T\O TY T`c V_a`T

bc _a`TcZ T`c eY[XVcUU_YZ ZST Yb T`c egf\c a\gZdU� `c Ucg\ V_Za

[SUT eY[X\cTc\O cZe_Ve\c T`c egf\c

bb eVcQ T`c `YSU_Za eYRcV fge] YZ

`c c\ceTV_eg\ eYZZceT_YZ _U ®Z_U`cd�

YTc�

`c TcV[_Zg\ f\Ye] _U X\Saagf\c gZd egZ fc Vc[YRcd bVY[ T`c

c\ceTVYZ_eU� Y dY T`_U� \_bT T`c TcV[_Zg\ f\Ye] Q_T` g U[g\\ UeVcQdV_RcV

gZd XS\\ _T YST� `cZ _ZUcVT_Za T`c TcV[_Zg\ f\Ye] gag_Z� OYS U`YS\d

`cgV _T UZgX _Z�

b] ]a

^ YZZceT_Za TY XYQcV USXX\O
`
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^�` _V_Za X\gZ

ï îõø ÷ øó÷ í ìõø ÷ øó÷

ï î

í

_a� [� _V_Za X\gZ ]a

b Y T`c UcZUYV

a YV XYQcV USXX\O
` YSX\_Za bYV T`c eYZZceT_YZ egf\c TY T`c _Zd_egT_Za gZd gd^SUT[cZT [YdS\c

^�_ YZZceT_YZ UTgZdgVd

`c bY\\YQ_Za _\\SUTVgT_YZU U`YQ _Z g U_[X\_®cd QgO T`c SUc Yb

]a _Z eYZ^SZeT_YZ Q_T` g UcZUYV� `c

eY[[SZ_egT_YZ VcU_UTgZec _Z T`c U_aZg\ egf\c _U g\QgOU VcWS_Vcd bYV g

\YQ _[XcdgZec XYQcV USXX\O� T _U gfUY\STc\O ZcecUUgVO TY _ZUTg\\ _T

fcTQccZ RY\Tgac USXX\O gZd T`c ]a�

YTc�

b T`c _ZUTVS[cZT _U XYQcVcd R_g g U_aZg\ eYZd_T_YZ_Za

_ZUTVS[cZT� T`cZ T`c eY[[SZ_egT_YZ VcU_UTYV _U g\VcgdO _Ze\Sdcd _Z T`c

U_aZg\ eYZd_T_YZ_Za _ZUTVS[cZT� eY[[SZ_egT_YZ VcU_UTYV _Z T`c U_aZg\

egf\c [SUT ZYT fc _ZUTg\\cd�

¢

ã

ï

î
ìí

_a� Z� ]a _Z eYZ^SZeT_YZ Q_T` gZ _Zd_R_dSg\ UcZUYV

b cZUYV

a ]a

` VcU_UTgZec b^c ; dZcecUUgVO Q_T` \YQ _[XcdgZec XYQcV USXX\Oc

_ Y\Tgac USXX\Oq VYecUU_Za

RcVR_cQ

]a b\

^ YZZceT_Za TY XYQcV USXX\O
`
]
_
]
Z
�
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a
c
`
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ï îõø ÷ øó÷ í ìõø ÷ øó÷

ï
î

ì

í

_a� bc� YZZceT_YZ Yb ]a Q_T` \YQ _[XcdgZec XYQcV USXX\O

b cZUYV

a ]a

` VcU_UTYV b^c ;

_ Y\Tgac USXX\Oq VYecUU_Za

^�^ YZZceT_YZ [S\T_dVYX

`c bY\\YQ_Za _\\SUTVgT_YZU U`YQ _Z g U_[X\_®cd QgO T`c SUc Yb

]a _Z eYZ^SZeT_YZ Q_T` g UcZUYV� `c

eY[[SZ_egT_YZ VcU_UTgZec _Z T`c U_aZg\ egf\c _U g\QgOU VcWS_Vcd bYV g

\YQ _[XcdgZec XYQcV USXX\O� T _U gfUY\STc\O ZcecUUgVO TY _ZUTg\\ _T

fcTQccZ RY\Tgac USXX\O gZd T`c ]a�

YTc�

b T`c _ZUTVS[cZT _U XYQcVcd R_g g U_aZg\ eYZd_T_YZ_Za

_ZUTVS[cZT� T`cZ T`c eY[[SZ_egT_YZ VcU_UTYV _U g\VcgdO _Ze\Sdcd _Z T`c

U_aZg\ eYZd_T_YZ_Za _ZUTVS[cZT� eY[[SZ_egT_YZ VcU_UTYV _Z T`c U_aZg\

egf\c [SUT ZYT fc _ZUTg\\cd�

YZZceT_YZ Q_T` \YQ _[�

XcdgZec XYQcV USXX\O

b[ ]a

^ YZZceT_Za TY XYQcV USXX\O
`
]
_
]
Z
�

�b
a
c
`
a
Z

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 931 of 1072



¢

ã

ï

î
ìí

_a� bb� ZUTg\\gT_YZ cPg[X\c Q_T` YZc ]a XcV UcZUYV _Z g S\T_dVYX

UOUTc[

b cZUYV

a ]a

` VcU_UTgZec b^c ; dZcecUUgVO Q_T` \YQ _[XcdgZec XYQcV USXX\Oc

_ Y\Tgac USXX\Oq VYecUU_Za

¢

ã

ï

î
ìí

_a� ba� ZUTg\\gT_YZ cPg[X\c Q_T` YZc ]a bYV UcRcVg\ UcZUYVU _Z g

S\T_dVYX UOUTc[

b cZUYV

a ]a

` VcU_UTgZec b^c ; dZcecUUgVO Q_T` \YQ _[XcdgZec XYQcV USXX\Oc

_ Y\Tgac USXX\Oq VYecUU_Za

RcVR_cQ

]a bZ

^ YZZceT_Za TY XYQcV USXX\O
`
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_
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ï
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_a� b`� YZZceT_YZ Yb ]a Q_T` \YQ _[XcdgZec XYQcV USXX\O

b cZUYV

a ]a

` VcU_UTYV b^c ;

_ Y\Tgac USXX\Oq VYecUU_Za

^�] YZZceT_YZ U_aZg\ eYZd_T_YZ_Za _ZUTVS[cZTU

`c bY\\YQ_Za _\\SUTVgT_YZU U`YQ T`c U_[X\_®cd eYZZceT_YZ Yb

]a TY g U_aZg\ eYZd_T_YZ_Za _ZUTVS[cZT YV g bYSV�Q_Vc UcZUYV

Q_T` geT_Rc _ � ac [ YSTXST�

_a� b_� YZZceT_YZ Yb T`c ]a gU cPTcVZg\ _Zd_egT_YZ TY g U_aZg\

eYZd_T_YZ_Za _ZUTVS[cZT YV g bYSV�Q_Vc UcZUYV

b cZUYV

a _aZg\ eYZd_T_YZ_Za _ZUTVS[cZT

` ]a

YZZceT_YZ Q_T` \YQ _[�

XcdgZec XYQcV USXX\O

ac ]a

^ YZZceT_Za TY XYQcV USXX\O
`
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_
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cZec TcV[_Zg\U b gZd a YZ T`c ]a [SUT fc e\YUcd Q_T` g

fV_dac�

ï îõø ÷ øó÷ í ìõø ÷ øó÷

_a� b^� V_dac YZ TcV[_Zg\U b gZd a YZ T`c ]a

b V_dac

a ]a

` _aZg\ eYZd_T_YZ_Za _ZUTVS[cZT

^�\ Q_Te`�YZ X`gUc

SV_Za T`c UTgVT�SX XVYecUU� T`c ]a TV_cU gSTY[gT_eg\\O TY acT
_Z eYZTgeT Q_T` T`c eYZZceTcd UcZUYV R_g gZd TY geecXT T`c

UcTT_ZaU dSZ_T� gd^SUT[cZT gZd dg[X_Zac Yb T`_U UcZUYV� SV_Za

eYZZceT_YZ� T`c UTgTSU \_Zc d_UX\gOU © ©�

b g UcZUYV _U _dcZT_®cd� T`cZ T`c UO[fY\ _U d_UX\gOcd� `c

]a UQ_Te`cU TY [Ydc gZd gZd UTgVTU YXcVgT_YZ Q_T`

T`c UcTT_ZaU geecXTcd bVY[ T`c UcZUYV�

YTc�

`_U XVYecdSVc _U VcXcgTcd Q`cZcRcV T`c RY\Tgac USXX\O _U eYZZceTcd�

b dSV_Za T`c UTgVT XVYecUU gZ _Zd_R_dSg\ ]cO _U XVcUUSVc YV _b T`c

_ZUTVS[cZT `gU ZYT _dcZT_®cd Q_T`_Z gXXVYP� \c UceYZdU g

UcZUYV� T`cZ T`c d_a_Tg\ _Zd_egT_YZ UQ_Te`cU TY fgU_e [Ydc gZd UTgVTU

YXcVgT_YZ Q_T` T`c dcbgS\T UcTT_ZaU�

b T`c gddVcUU _U [Yd_®cd fO T`c eYZTVY\ UOUTc[ dSV_Za

YXcVgT_YZ� g ZcQ eYZZceT_YZ _U cUTgf\_U`cd� `YQcRcV� T`c UcZUYV [SUT

gZUQcV _[[cd_gTc\O _Z YVdcV bYV T`c eYZZceT_YZ TY fc UcT SX�

]a ab

^ YZZceT_Za TY XYQcV USXX\O
`
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] cT XgVg[cTcVU

]�b d^SUT[cZT UOUTc[

ï

î

í

ì

ë

_a� b]� Zd_egT_Za gZd gd^SUT[cZT c\c[cZTU

b TgTSU _ZbYV[gT_YZ d [Ydc� SZ_T \Ye]� QgVZ_Za YV cVVYV _ZbYV[gT_YZc

a Z_T gZd _ZbYV[gT_YZ \_Zc

` _a_Tg\ [cgUSVcd Rg\Sc _Zd_egT_YZ

_ gV aVgX` bYV WSgU_gZg\YaSc [cgUSVcd Rg\Sc _Zd_egT_YZ

^ d^SUT[cZT ]cOU

YS gd^SUT ]a R_g T`c bYSV bVYZT ]cOU� `c _Zd_R_dSg\ [cZS

_Tc[U gVc d_UX\gOcd YZ T`c d_UX\gO� `c _Zd_R_dSg\ ]cOU `gRc T`c

bY\\YQ_Za bSZeT_YZU�

¦ `�_ ]cO�

Zc [cZS `_a`cV _Z T`c [cZS UOUTc[

ZeVcgUc geTSg\ Rg\Sc d_ZeVc[cZTc

¦ ` _ ]cO�

_ZTcVVSXT _ZXST

cTSVZ TY `_a`cV�VgZ]_Za [cZS

¦ ` _ ]cO�

YRc TY T`c [cZS YRcVR_cQ

YZ®V[ Uc\ceTcd [cZS

d_T XgVg[cTcV

gRc Rg\Sc

¦ `�_ ]cO�

Zc [cZS _Tc[ dYQZQgVd _Z T`c [cZS UOUTc[

cdSec geTSg\ Rg\Sc ddceVc[cZTc

XXVYP� bc [_ZSTcU gbTcV T`c \gUT XVcUU_Za Yb g ]cO� gZ gSTY[gT_e VcUcT

TY [cgUSVcd Rg\Sc _Zd_egT_YZ _U TV_aacVcd� ZO Rg\ScU ZYT eYZ®V[cd

Q_T` ` _ Q_\\ ZYT fc UgRcd�

cO bSZeT_YZU

aa ]a

] cT XgVg[cTcVU
`
]
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O XSU`Za T`c ` _ ]cO� T`c XgVg[cTcV gd^SUT[cZT [Ydc Q_\\ fc

UTgVTcd� `c XgVg[cTcV gd^SUT[cZT _U egVV_cd YST R_g gZ gd^SUT[cZT

[cZS� `c Ug[c [cZS Q_ZdYQ _U YXcZcd bVY[ Q`_e` T`c XgVg[cTcV

gd^SUT[cZT [Ydc _U WS_T dSV_Za T`c \gUT XgVg[cTcV gd^SUT[cZT� _Za\c

XY_ZTU _Z T`c [cZS egZ fc Uc\ceTcd Q_T` T`c `�_ gZd `�_ ]cOU� `c

fVgZe`_Za TY T`c ZcPT USf[cZS _U egVV_cd YST fO XSU`_Za T`c ` _ ]cO

gag_Z�

Z g USf[cZS OYS e`gZac Q_T` ` _ TY T`c cd_T_Za bSZeT_YZ� T`_U [cgZU

T`c d_UX\gOcd UcTT_ZaU egZ fc e`gZacd� b T`c _Zd_egT_YZ _U _Z T`c cd_T_Za

[Ydc� T`cZ T`c cd_Tcd Rg\Sc ¬gU`cU� d_T_Za _U egVV_cd YST Q_T` T`c `�_

gZd `�_ ]cOU�

Z T`c cd_T_Za [Ydc� OYS ^S[X TY T`c VgZac cZd Q`cZ OYS `Y\d T`c `�_

YV `�_ ]cO fO XSU`_Za ` _� fO XSU`_Za ` _ OYS ^S[X TY T`c VgZac

UTgVT� `cZ `Y\d_Za T`c `�_ ]cOgZd fO XSU`_Za T`c `�_ ]cO dgZd R_ec

RcVUgc� T`cZ T`c Rg\Sc NcVY _U gd^SUTcd� `cZ _ZeVcgU_Za g Rg\Sc gT T`c

cZd Yb T`c gd^SUT[cZT VgZac� OYS ^S[X TY T`c VgZac UTgVT gZd R_ec

RcVUg�

`c cd_T_Za bSZeT_YZ gZd fc WS_T Q_T` ` _ dQ_T`YST geecXT_Za T`c

[Yd_®egT_YZUc gZd Q_T` ` _ dgeecXT_Za T`c [Yd_®egT_YZUc�

]�a YdcU

Z T`c bY\\YQ_Za egUcU� T`c ]a aYcU gSTY[gT_eg\\O TY fgU_e
[Ydc�

¦ b _T dYcU ZYT ®Zd g UcZUYV Q_T`_Z gXXVYP� \c U gbTcV
UQ_Te`_Za YZ

¦ b g ]cO QgU XVcUUcd _Z T`c UQ_Te`_Za YZ X`gUc

Z fgU_e [Ydc� _T QYV]U cPe\SU_Rc\O gU gZ _Zd_egT_Za _ZUTVS[cZT YZ T`c

_ � ac [ egf\c� T`c UO[fY\ _U ZYT d_UX\gOcd�

`c ]a aYcU gSTY[gT_eg\\O TY T`c [Ydc UTgZdgVd

Q`cZ g bSZeT_YZ_Za eY[[SZ_egT_YZ TY T`c UcZUYV QgU

cUTgf\_U`cd�

`c d_UX\gOcd [cgUSVcd Rg\Sc _U eg\eS\gTcd bVY[ T`c \YYX eSVVcZT gZd

T`c gd^SUT[cZT dgTg Yb T`c UcZUYV�

SV_Za YXcVgT_YZ� T`c ]a [YZ_TYVU T`c eSVVcZT \YYX
eYZUTgZT\O bYV g eY[[SZ_egT_YZ fcTQccZ eYZTVY\ UOUTc[ gZd

UcZUYV� b T`c SZ_T e`gZacU YV gd^SUT[cZTU Yb T`c eYZZceTcd UcZUYV gVc

egVV_cd YST fO T`c eYZTVY\ UOUTc[� T`c SZ_T gZd T`c eYVVcUXYZd_Za

_Zd_egT_Za VgZac gVc gSTY[gT_eg\\O gdgXTcd _Z ]a� `c

XVcVcWS_U_Tc� `YQcRcV� _U T`gT T`c SZ_T UcT _Z T`c UcZUYV [SUT fc UTYVcd

_Z ]a�

`c ]a g\UY g\\YQU T`c [cgUSV_Za VgZac gZd eg\_fVgT_YZ Yb

T`c eYZZceTcd UcZUYV TY fc [Yd_®cd� YV T`_U� ZY gdd_T_YZg\

_ZUTVS[cZTU YV TYY\U gVc ZcecUUgVO� SVT`cV e`gZacU TY T`c eYZ®a�

SVgT_YZ Yb T`c UcZUYV egZZYT fc egVV_cd YST�

TgVT XgVg[cTcV gd^SUT�

[cZT

d_T Rg\ScU

gU_e [Ydc

UTgZdgVd

]a a`

] cT XgVg[cTcVU
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¬gU`_Za `cgVT UO[fY\ _U d_UX\gOcd gU \YZa gU g eY[[SZ_�

egT_YZ Tg]cU X\gec bYV T`c ®VUT T_[c gZd T`c _ZUTVS[cZT _U `cZec UcT TY

T`c [Ydc� `c `cgVT UO[fY\ _U d_UX\gOcd XcV[gZcZT\O _b T`c

eY[[SZ_egT_YZ _U ®Z_U`cd gZd T`c d_a_Tg\ _Zd_egT_YZ _U

eYZ®aSVcd geeYVd_Za TY T`c [cgUSV_Za VgZac gZd T`c SZ_T Yb T`c

eYZZceTcd UcZUYV�

`cZ T`cVc _U g eY[[SZ_egT_YZ T`VYSa` T`c eYZTVY\ VYY[ dSV_Za

YXcVgT_YZ� T`cZ T`c `cgT UO[fY\ ¬gU`cU dSV_Za T`c eY[[SZ_egT_YZ�

`c ]a aYcU TY [S\T_dVYX [Ydc _b _Z T`c [cZS

© cgUSVc[cZT©� [cZS _Tc[ © ddVcUU© gZ gddVcUU SZcWSg\ c _U
gd^SUTcd� Z T`_U [Ydc bYV UcZUYVU� T`c eSVVcZT U_aZg\ _U ®Pcd TY

_ [ gZd T`c [cgUSVc[cZT _ZbYV[gT_YZ _U TVgZU[_TTcd YZ\O R_g T`c

eY[[SZ_egT_YZ TY T`c eYZTVY\ VYY[�

`c ]a cZWS_VcU T`c V_[gVO g\Sc d c Yb T`c TVgZU[_TTcV

Q_T` T`c US_Tgf\c gddVcUU YZec� bTcVQgVdU T`c d_UX\gO fc`gRcU

XgUU_Rc\O� _�c� T`c TVgZU[_UU_YZ Yb gdd_T_YZg\ [cgUSVcd Rg\ScU [SUT fc

VcWScUTcd bVY[ T`c eYZTVY\ UOUTc[� `c fgVaVgX` _U ZYT d_UX\gOcd _Z

[S\T_dVYX�

]�` gVg[cTcV dcUeV_XT_YZ

`VYSa` T`c XgVg[cTcV gd^SUT[cZT T`c _ZUTVS[cZT _U gdgXTcd TY T`c

gXX\_egT_YZ eYZd_T_YZU� `c XgVg[cTcV gd^SUT[cZT _U egVV_cd YST R_g gZ

gd^SUT[cZT [cZS�

`c gd^SUT[cZT [cZS _U d_R_dcd _ZTY T`Vcc UceT_YZU Q_T` T`c bY\\YQ_Za

bSZeT_YZU�

cgUSVc[cZT� YZTg_ZU bYV cPg[X\c SZ_T� [cgUSV_Za VgZac� \_Rc

gd^SUT[cZT� dg[X_Za� gddVcUU

Zd_egT_YZ� YZTg_ZU bYV cPg[X\c SZ_T� SZ_T \Ye]_Za� d_UX\gO bYV[gT�

®\TcV� g\gV[U [_Z�q[gP� UTYVgac

YZ®aSVgT_YZ� YZTg_ZU bYV cPg[X\c \gZaSgac� eYZTVgUT� VcUcT� SUcV

SZ_T� [_Z�q[gP� bg_\SVc [cUUgac� ®V[QgVc RcVU_YZ

c\ceT_YZ Yb T`c SZ_T bYV T`c [cgUSV_Za VgZac gd^SUT[cZT Yb T`c

eYZZceTcd TVgZU[_TTcVbc `cZ YXcZ_Za T`_U [cZS _Tc[� ®VUT Yb g\\ T`c

fgU_e SZ_T Yb T`c eYZZceTcd UcZUYV _U d_UX\gOcd�

¦ _UTgZec� [� e[� [[� bT� _Z

bc U ZYT gRg_\gf\c Q_T` [S\T_dVYX�

[S\T_dVYX

cgUSVc[cZTq Z_T

a_ ]a

] cT XgVg[cTcVU
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¦ VcUUSVc� fgV� [fgV� � ` g� ] g� g� [[ a � [ a � _Z a

¦ c[XcVgTSVc�  �  �

¦ \ceTV_eg\ RgV_gf\cU� � [ � `[

¦ UcV�UXce_®e SZ_T�

`c XVcR_YSU\O \_UTcd SZ_TU egZ fc _Z_T_g\\O cd_Tcd� UTYV_Za _Z T`c

]a _U `YQcRcV YZ\O XYUU_f\c _b T`c SZ_T _U USXXYVTcd fO T`c
UcZUYV�

YTc�

SZ_T gd^SUTcd _Z T`c UcZUYV� bYV cPg[X\c� R_g QgVcq Q_\\ ZYT

fc [Yd_®cd fO T`c SZ_T gd^SUTcd `cVc�

b g SZ_T _U Uc\ceTcd Q`_e` _U ZYT USXXYVTcd fO T`c UcZUYV� T`c [cUUgac

© VVYV \© _U d_UX\gOcd� _T` © © T`c UcTT_Za egZ fc _ZTcVVSXTcd

gZd T`c [cUUgac VcUcT�

Sc TY T`c Uc\ceT_YZ Yb T`c SZ_T © © T`c eY[[SZ_egT_YZ TY

T`c UcZUYV _U UQ_Te`cd Y°� cZec ZY [cgUSV_Za VgZac UcTT_ZaU gVc

XYUU_f\c� `c SZ_T © © egZ fc _Zd_R_dSg\\O XVYaVg[[cd fO T`c SUcV

_Z T`c [cZS © YZ®aSVgT_YZ©� bTcV g VcUcT TY g SZ_T USXXYVTcd fO T`c

UcZUYV� T`c eY[[SZ_egT_YZ _U gag_Z UTgVTcd�

d^SUT[cZT Yb T`c [cgUSV_Za VgZac _Z_T_g\ Rg\Sc Yb T`c eYZZceTcd

UcZUYV dbYV cPg[X\c c fgV gT g [cgUSV_Za VgZac Yb �b � ^ fgVcac `c
[cgUSV_Za VgZac fca_ZZ_Za XY_ZT _U _Z_T_g\\O gdYXTcd fO T`c UcZUYV

Q`cZ UTgVT_Za Q_T` eYZZceTcd UcZUYV� `cVcgbTcV T`c [cgUSV_Za VgZac

fca_ZZ_Za XY_ZT Yb T`c UcZUYV egZ fc e`gZacd�

`_U _U g [_Z� gd^SUT[cZT TY Q`_e` c eSVVcZT YSTXST _U gUU_aZcd� `c

Rg\Sc cZTcVcd `cVc dYcU ZYT e`gZac T`c [cgUSV_Za VgZac cZdXY_ZT�

b T`c SZ_T _U UcT TY © ©� T`cZ T`_U [cZS _Tc[ _U SUcd bYV bVcc Ueg\_Za

Yb T`c _Zd_egT_YZ�

d^SUT[cZT VgZac� �ZZZZ � ZZZZZ

ac U ZYT gRg_\gf\c Q_T` [S\T_dVYX�

cgUSVc[cZTq cgUS�

V_Za VgZac fca_Z

]a a^

] cT XgVg[cTcVU
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d^SUT[cZT Yb T`c [cgUSV_Za VgZac ®Zg\ Rg\Sc Yb T`c eYZZceTcd

TVgZU[_TTcV dbYV cPg[X\c _ fgV gT g [cgUSV_Za VgZac Yb �b� ^ fgVc`c `c
[cgUSV_Za VgZac cZdXY_ZT _U _Z_T_g\\O gdYXTcd fO T`c UcZUYV Q`cZ

UTgVT_Za Q_T` eYZZceTcd UcZUYV� `cVcgbTcV� T`c [cgUSV_Za VgZac

cZdXY_ZT Yb T`c UcZUYV egZ fc e`gZacd�

`_U _U g [gP� gd^SUT[cZT TY Q`_e` bcc eSVVcZT YSTXST _U gUU_aZcd�

`c Rg\Sc cZTcVcd `cVc dYcU ZYT e`gZac T`c [cgUSV_Za VgZac

fca_ZZ_Za XY_ZT�

b T`c SZ_T _U UcT TY © ©� T`cZ T`_U [cZS _Tc[ _U SUcd bYV bVcc Ueg\_Za

Yb T`c _Zd_egT_YZ�

d^SUT[cZT VgZac� �ZZZZ � ZZZZZ

d^SUT[cZT Yb T`c dce_[g\ XY_ZT bYV T`c [cgUSV_Za VgZac Yb T`c

eYZZceTcd TVgZU[_TTcV_c

b T`c SZ_T _U UcT TY © ©� T`cZ T`_U [cZS _Tc[ _U SUcd bYV bVcc Ueg\_Za

Yb T`c _Zd_egT_YZ�

d^SUT[cZT VgZac� c� c�c� c�cc� c�ccc

Z T`_U [cZS _Tc[� T`c geTSg\ [cgUSVcd Rg\Sc _U geecXTcd gU UXgZ

UcTT_Za bYV T`c UcZUYV^c

`_U _U g UXgZ gd^SUT[cZT TY Q`_e` bcc Yb T`c eSVVcZT YSTXST gVc

gUU_aZcd� `c Rg\Sc geecXTcd `cVc� dYcU ZYT e`gZac T`c NcVY XY_ZT�

`c U ZYT gRg_\gf\c Q_T` [S\T_dVYX�
_c U ZYT gRg_\gf\c Q_T` [S\T_dVYX�
^c U ZYT gRg_\gf\c Q_T` [S\T_dVYX�

cgUSVc[cZTq cgUS�

V_Za VgZac cZd

cgUSVc[cZTq cgUS�

V_Za VgZac dce_[g\ XY_ZT

cgUSVc[cZTq _Rc gd�

^SUT[cZT UXgZ

a] ]a

] cT XgVg[cTcVU
`
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_
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Z T`_U [cZS _Tc[� T`c geTSg\ [cgUSVcd Rg\Sc _U geecXTcd gU [_Z�

gd^SUT[cZT bYV T`c UcZUYV]c

`_U _U g NcVY gd^SUT[cZT TY Q`_e` c Yb T`c eSVVcZT YSTXST gVc

gUU_aZcd� `c Rg\Sc geecXTcd `_cV� U`_bTU T`c [cgUSV_Za VgZac cZd�

`c d_°cVcZec fcTQccZ [cgUSV_Za VgZac fca_Z gZd cZd `YQcRcV

Vc[g_ZU�

Z T`_U [cZS _Tc[� T`c _ZTcaVgT_YZ T_[c bYV dg[X_Za T`c [cgUSVcd Rg\Sc

_U cZTcVcd�

d^SUT[cZT VgZac� c�c � ZZZ U

d^SUT[cZT Yb T`c gddVcUU Yb T`c gUU_aZcd TVgZU[_TTcV _Z

S\T_dVYX [Ydc� _T` UTgZdgVd eSVVcZT \YYX YXcVgT_YZ� T`_U gddVcUU

[SUT g\QgOU fc UcT TY c�

d^SUT[cZT VgZac� c � b^

d^SUT[cZT Yb T`c SZ_T bYV T`c d_a_Tg\ _Zd_egT_YZ� _VUT Yb g\\ T`c SZ_T

Uc\ceTcd _Z T`c [cZS © cgUSVc[cZT©� bYV cPg[X\c [ gXXcgVU�

SVT`cV[YVc T`c SZ_TU bVY[ T`c Ug[c SZ_T aVYSX USe` gU c�a� [[� e[�

[ cTe� gVc gRg_\gf\c� `c [cgUSVcd Rg\ScU gVc gSTY[gT_eg\\O eYZRcVTcd

_ZTY T`c Uc\ceTcd SZ_T�

b _U Uc\ceTcd gU SZ_T� T`cZ T`c ]a eYZRcVTU T`c geTSg\ \YYX
eSVVcZT _ZTY g Rg\Sc Vc\gT_Za TY T`c [gP� \YYX eSVVcZT� b [ _U

Uc\ceTcd gU g SZ_T� T`cZ T`c geTSg\ \YYX eSVVcZT _U d_UX\gOcd _Z [ �

]c U ZYT gRg_\gf\c Q_T` [S\T_dVYX�

cgUSVc[cZTq _Rc gd�

^SUT[cZT NcVY XY_ZT

cgUSVc[cZTq g[X_Za

cgUSVc[cZTq ddVcUU

Zd_egT_YZq Z_T

]a a\

] cT XgVg[cTcVU
`
]
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`c SZ_TU gZd [ gVc ZYT gRg_\gf\c _Z [S\T_dVYX YXcVgT_YZ fcegSUc

_Z T`_U egUc T`c \YYX eSVVcZT _U ®Pcd�

d^SUT[cZT VgZac� [fgV� fgV� � ` g� ] g� g� [[ a � [ a �
[ a� [[� e[� [� _Z� bT� �  �  � � � [ � `[�

SVe O geT_RgT_Za T`c SZ_T \Ye]_Za� T`c UcT _Zd_egT_YZ SZ_T _U \Ye]cd

gag_ZUT e`gZacU fO T`c UcZUYVU� T`c d_UX\gO U`YQU T`c U_aZ © q

Y ©� cZec _T _U XYUU_f\c TY gd^SUT bYV T`c ]a gZYT`cV
_Zd_egT_Za SZ_T T`gZ T`c UcZUYV SZ_T� c�a� � T Q_\\ g\UY ZYT fc

YRcVQV_TTcZ _Z egUc Yb g VcUTgVT Yb T`c UcZUYV� d^SUT[cZT e`gZacU YZ

T`c UcZUYV `YQcRcV gVc gSTY[gT_eg\\O eYZRcVTcd� `c SZ_T \Ye]_Za

bSZeT_YZU YZO\ _b T`c SZ_TU Yb [cgUSV_Za VgZac gZd _Zd_egT_YZ eY[c bVY[

T`c Ug[c SZ_T aVYSX�

`cZ eYZZceT_Za g TVgZU[_TTcV gZd _TU eYZ®aSVgT_YZ R_g Q_T` g

SZ_T bVY[ gZYT`cV SZ_T aVYSX� T`cZ T`c SZ_T \Ye]_Za Q_\\ fc dcgeT_RgTcd�

YV T`_U XSVXYUc� T`c _Zd_egT_Za SZ_T _U gd^SUTcd geeYVd_Za TY T`c

eYZ®aSVcd [cgUSV_Za VgZac SZ_T�

d^SUT[cZT VgZac�

¦ Z q Z Y

¦ q Y

d^SUT[cZT Yb T`c dce_[g\ XY_ZT bYV T`c _Zd_egT_YZ gVcg Yb T`c d_a_Tg\

_Zd_egT_YZ

d^SUT[cZT VgZac� c� c�c� c�cc� c�ccc

eT_RgT_YZ Yb T`c d_a_Tg\ ®\TcV b� YVdcV�

d^SUT[cZT VgZac� c � bc

Zd_egT_YZq Z_T \Ye]_Za

Zd_egT_YZq Zd_egT_YZ dc�

e_[g\ XY_ZT

Zd_egT_YZq _a_Tg\ ®\TcV

a[ ]a

] cT XgVg[cTcVU
`
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VY[ T`_U [cZS _Tc[ OYS ^S[X TY T`c g\gV[ eYZ®aSVgT_YZ fO XSU`_Za

�

Q_Te`_Za YZ YV UQ_Te`_Za Y° T`c g\gV[ bSZeT_YZ� b gZ gd^SUTcd g\gV[

\_[_T _U cPeccdcd YV dceVcgUcd� T`c QgVZ_Za UO[fY\ _U d_UX\gOcd _Z T`c

_Zd_egT_YZ gZd T`c [cgUSVcd Rg\Sc fca_ZU TY ¬gU`�

d^SUT[cZT VgZac� °q Z

cTT_Za T`c Rg\Sc T`gT TV_aacVU T`c g\gV[ bSZeT_YZ _b _T _U SZdcVVSZ�

d^SUT[cZT VgZac� Z_T_g\ Rg\Sc Yb T`c _Zd_egT_Za VgZac SX TY T`c

gd^SUTcd Rg\Sc Yb T`c [gP� g\gV[

cTT_Za T`c Rg\Sc T`gT TV_aacVU T`c g\gV[ bSZeT_YZ _b _T _U cPeccdcd�

d^SUT[cZT VgZac� gd^SUTcd Rg\Sc Yb T`c [_Z� g\gV[ SX TY T`c ®Zg\ Rg\Sc

Yb T`c _Zd_egT_Za VgZac�

Zd_egT_YZq \gV[

Zd_egT_YZq \gV[ Zq °

Zd_egT_YZq _Z� g\gV[

Zd_egT_YZq gP� g\gV[

]a aZ

] cT XgVg[cTcVU
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VY[ T`_U [cZS _Tc[ OYS ^S[X TY T`c [_Z�q[gP� Rg\Sc UTYVgac fO

XSU`_Za ©` _©�

SZeT_YZ TY dc\cTc T`c [c[YVO� O XSU`_Za T`c ]cO TQ_ec� T`c

[c[YV_cU Q_\\ fc dc\cTcd�

eT_RgT_YZ Yb T`c [_Z�q[gP� Rg\Sc _Zd_egT_YZ� b T`c [_Z�q[gP� Rg\Sc

_Zd_egT_YZ _U UQ_Te`cd YZ� T`c _Zd_egT_YZ UQ_Te`cU YRcV eOe\_eg\\O

fcTQccZ T`c geTSg\ [cgUSVcd Rg\Sc d_Zd_egT_YZ XcV_Yd ^ Uc� T`c [_Z�

Rg\Sc gZd T`c [gP� Rg\Sc d_Zd_egT_YZ XcV_Yd cge` a Uc� _T` T`c

XVcUcZTgT_YZ Yb T`c [gP� Rg\ScU T`c d_UX\gOcd SZ_T _U VcX\gecd fO T`c

[_Z� YV [gP� Rg\Sc�

d^SUT[cZT VgZac� Z� °

gZaSgac UcTT_Za

d^SUT[cZT VgZac� d d cV[gZc� Z d Za\_U`c

Zd_egT_YZq _Z�q gP� UTY�

Vgac

Zd_egT_YZq c\cTc [_Z�q

[gP�

Zd_egT_YZq _Z� Rg\Sc�

[gP� Rg\Sc

YZ®aSVgT_YZq gZaSgac

`c ]a

] cT XgVg[cTcVU
`
]
_
]
Z
�

�b
a
c
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d^SUT[cZT Yb T`c d_UX\gO eYZTVgUT

d^SUT[cZT VgZac� c � _

_T` g VcUcT� g\\ UcTT_ZaU Yb T`c d_a_Tg\ _Zd_egT_YZ Q_\\ fc VcUcT TY T`c

dcbgS\T Rg\ScU� YV geT_RgT_Za T`c VcUcT� T`c © © ]cO [SUT fc XSU`cd

YZec� bTcV XSU`_Za T`c © © ]cO bYV g UceYZd T_[c� T`c _Zd_egT_YZ Q_\\

fc eY[X\cTc\O bgdcd YST gZd T`c VcUcT _U egVV_cd YST� `c ]a

egVV_cU YST g VcUTgVT� UTgVTU gag_Z T`c eY[[SZ_egT_YZ gZd XgUUcU

YRcV TY T`c [cgUSVcd Rg\Sc _Zd_egT_YZ�

`c bY\\YQ_Za Tgf\c U`YQU T`c dcbgS\T Rg\ScU�

cZS UceT_YZ cZS _Tc[ cbgS\T Rg\Sc

cgUSVc[cZT Z_T d_b ZY gd^SUT[cZT QgU egVV_cd

YSTc

cgUSV_Za VgZac

fca_Z

_�ccc

cgUSV_Za VgZac

cZd

ac�ccc

cgUSV_Za VgZac

dce_[g\ XY_ZT

c�ccc

g[X_Za a

ddVcUU c

Zd_egT_YZ Z_T [

Z_T \Ye]_Za Z

YZ®aSVgT_YZq YZTVgUT

YZ®aSVgT_YZq cUcT

]a `b

] cT XgVg[cTcVU
`
]
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cZS UceT_YZ cZS _Tc[ cbgS\T Rg\Sc

Zd_egT_YZ VgZac

dce_[g\ XY_ZT

c�ccc

_\TcV c

\gV[ �

\gV[ Zq ° °

_Z� g\gV[ _�ccc

gP� g\gV[ ac�ccc

_Z�q gP� Rg\Sc

[c[YVO

�

c\cTc [_Z�q[gP� d

_Z�q gP� Zq ° °

YZ®aSVgT_YZ gZaSgac Z

YZTVgUT a

cUcT �

SZ_T

_Z� bg_\SVc [cU�

Ugac

`�]

gP� bg_\SVc [cU�

Ugac

ab�c

]�d_a_T SUcV SZ_T egZ fc _Zd_R_dSg\\O XVYaVg[[cd fO T`c SUcV� Z

g\X`gZS[cV_eg\ e`gVgeTcV UcT _U gRg_\gf\c�

O XSU`_Za T`c ` _ ]cO� T`c ®VUT XYU_T_YZ _U Uc\ceTcd� T`_U XYU_T_YZ

fca_ZU TY ¬gU`� _T` T`c gVVYQ ]cOU T`c VcWScUTcd e`gVgeTcV egZ fc

Uc\ceTcd� O XSU`_Za T`c ` _ ]cO gag_Z� T`c e`gVgeTcV _U eYZ®V[cd

gZd T`c ZcPT XYU_T_YZ _U Uc\ceTcd�

cTT_Za T`c eSVVcZT Rg\Sc T`gT TV_aacVU T`c [_Z� bg_\SVc [cUUgac Q`cZ _T

_U Vcge`cd YV SZdcVVSZ� `c [_Z� bg_\SVc [cUUgac _U U`YQZ _Z T`c

d_UX\gO Q_T` ^ SZdcV\_ZcU d ³ ³ ³ ³ ³ c gZd T`c [cUUgac © © dYV

© ©c�

d^SUT[cZT VgZac� `�^ � `�Z

YZ®aSVgT_YZq SZ_T

YZ®aSVgT_YZq _Z� bg_\S�

Vc [cUUgac

`a ]a

] cT XgVg[cTcVU
`
]
_
]
Z
�

�b
a
c
`
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cTT_Za T`c eSVVcZT Rg\Sc T`gT TV_aacVU T`c [gP� bg_\SVc [cUUgac Q`cZ _T

_U Vcge`cd YV cPeccdcd� `c [gP� bg_\SVc [cUUgac _U U`YQZ _Z T`c

d_UX\gO Q_T` ^ YRcV\_ZcU d � � � � � c gZd T`c [cUUgac © © dYV

© ©c�

d^SUT[cZT VgZac� ac�b � ab�^

`c ZS[fcV Yb T`c ®V[QgVc SUcd _U d_UX\gOcd�

`_U [cZS _Tc[ _U gRg_\gf\c bVY[ UYbTQgVc a�bc�

`c [cZS gVcg © cgUSVc[cZT© gU Qc\\ gU T`c bSZeT_YZ © cUcT© gVc

XVYTceTcd fO g XgUUQYVd� YV T`c geecUU� g \Ya_Z fO cZTcV_Za T`c

XgUUQYVd _U VcWS_Vcd� `c \Ya_Z _U d_UX\gOcd _b OYS TVO TY SUc YZc Yb T`c

XVYTceTcd bSZeT_YZU� \\ bSZeT_YZU gVc geecUU_f\c gbTcV g USeecUUbS\

\Ya_Z�

`c \YaY° _U egVV_cd YST _Z T`c [cZS _Tc[ © YaY°} YV gSTY[gT_eg\\O gbTcV

` [_ZSTcU Q_T`YST SUcV geT_R_TO�

`c dcbgS\T UcTT_Za _U� ba`_^]

`c XgUUQYVd `gU [gP� ] e`gVgeTcVU gZd egZ fc [Yd_®cd _Z T`c [cZS

_Tc[ © gUUQYVd©� YV T`_U XSVXYUc� T`c geTSg\ XgUUQYVd _U cZTcVcd gZd

eYZ®V[cd Q_T` © © SZT_\ T`c UTV_Za ©XXXXXX© gXXcgVU� _T` © © T`c

cZTcVcd XgUUQYVd _U cd_Tcd gag_Z gZd egZ ZYQ fc [Yd_®cd�

`c [gUTcV XgUUQYVd ccb g\\YQU geecUU _b T`c XgUUQYVd UcTT_Za _U

ZY \YZacV ]ZYQZ�

YZ®aSVgT_YZq gP� bg_\S�

Vc [cUUgac

YZ®aSVgT_YZq _V[QgVc

YZ®aSVgT_YZq gUUQYVd

]a ``

] cT XgVg[cTcVU
`
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`_U [cZS _Tc[ _U gRg_\gf\c bVY[ UYbTQgVc a�bc� T cZgf\cU T`c cgV\O

\YaYST gbTcV cZTcV_Za T`c XgUUQYVd�

YZ®aSVgT_YZq YaYST

`_ ]a

] cT XgVg[cTcVU
`
]
_
]
Z
�

�b
a
c
`
a
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\ cT SX UcZUYVU

\�b d^SUT T`c UcZUYV

`c [_Z�q[gP� gd^SUT[cZT Yb T`c eYZZceTcd UcZUYV _U egVV_cd YST R_g

T`c [cZS © cgUSVc[cZT©� [cZS _Tc[U © Z_T©� © cgUSV_Za VgZac

fca_Z©� © cgUSV_Za VgZac cZd© gZd _b ZcecUUgVO © cgUSV_Za VgZac

dce_[g\ XY_ZT©� `c cZTcVcd Rg\ScU gVc Tg]cZ YRcV Q`cZ UTYV_Za _ZTY

T`c UcZUYV�

YTc�

T _U VceY[[cZdcd TY ZYTc T`c TVgZU[_TTcd dgTg bYV T`c X\gZT

dYeS[cZTgT_YZ YV g XYUU_f\c \gTcV eYVVceT_YZ Yb T`c gd^SUT[cZT�

\�a eg\c T`c _Zd_egT_YZ

bTcV T`c [_Z�q[gP� gd^SUT[cZT Yb T`c UcZUYV� T`c geTSg\ [cgUSVcd

Rg\Sc _U d_UX\gOcd YZ T`c ]a� `c YV_a_Zg\ UcZUYV Rg\Sc� bYV

cPg[X\c� _Z ©fgV© Q_T` XVcUUSVc TVgZU[_TTcVU YV _Z ©[© d_UTgZec Q_T`

VgdgV UcZUYVU _U eYZRcVTcd _ZTY T`c SZ_T UcT _Z T`c [cZS © cgUSVc�

[cZT©� [cZS _Tc[ © Z_T© gZd _U d_UX\gOcd d_a_Tg\\O� _VUT Yb g\\ T`c

_ � ac [ eSVVcZT _U [cgUSVcd gZd U`YQZ WSgU_gZg\YaSc YZ T`c

fgVaVgX`� `_U Rg\Sc Tg]cU T`c [_Z�q[gP� gd^SUT[cZT _ZTY eYZU_dcV�

gT_YZ�

`c ]a g\\YQU R_g T`c SZ_T © © g bVcc� gXX\_egT_YZ�

UXce_®e _Zd_egT_YZ Ueg\_Za� `c ]a geTU `cVc gU g XSVc
_Zd_egT_Za _ZUTVS[cZT Q_T`YST eY[[SZ_egT_YZ Q_T` T`c eYZZceTcd

UcZUYV�

YV T`c _Zd_egT_YZ Ueg\_Za XVYeccd gU bY\\YQU�

b cT _Z T`c [cZS © YZ®aSVgT_YZ©� [cZS _Tc[ © SZ_T© T`c

VcWScUTcd SZ_T Q_T` T`c gRg_\gf\c e`gVgeTcVU�

]a `^

\ cT SX UcZUYVU
`
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_
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a c\ceT _Z T`c [cZS © cgUSVc[cZT©� [cZS _Tc[ © Z_T© T`c SZ_T

© ©�

` ZTcV _Z T`c [cZS © cgUSVc[cZT©� [cZS _Tc[ © fca_Z© T`c

_Z_T_g\ Rg\Sc Yb T`c VcWScUTcd Ueg\_Za�

_ ZTcV _Z T`c [cZS © cgUSVc[cZT©� [cZS cZd © fca_Z© T`c ®Zg\

Rg\Sc Yb T`c VcWScUTcd Ueg\_Za�

^ ZTcV _Z T`c [cZS © cgUSVc[cZT©� [cZS _Tc[ © bYV[gT© T`c

VcWScUTcd XYU_T_YZ Yb T`c dce_[g\ XY_ZT�

`c d_UX\gO U`YQU _Z T`c [cgUSVcd Rg\Sc _Zd_egT_YZ T`c _ � ac [

eSVVcZT _Z T`c gd^SUTcd Ueg\_Za gU d_a_Tg\ Rg\Sc YV WSgU_gZg\YaSc _Z T`c

UcT SZ_T�

`] ]a

\ cT SX UcZUYVU
`
]
_
]
Z
�

�b
a
c
`
a
Z

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 949 of 1072



YTc�

`c [cZS _Tc[U SUcd bYV T`c gd^SUT[cZT gVc g\UY SUcd bYV cZTcV_Za T`c

Ueg\_Za dgTg� c T`SU VceY[[cZd QV_T_Za dYQZ T`c Ueg\_Za dgTg bYV

X\gZT dYeS[cZTgT_YZ YV bYV g XYUU_f\c \gTcV eYVVceT_YZ Yb T`c gd^SUT�

[cZT�

\�` YVVceT UcZUYV gd^SUT[cZT

YV g eYVVceT_YZ Yb T`c UcZUYV gd^SUT[cZT� T`c eY[[SZ_egT_YZ

[SUT fc gag_Z geT_RgTcd� `_U _U egVV_cd YST _Z T`c [cZS © cgUSVc�

[cZT©� [cZS _Tc[ © Z_T©� ZTcV `cVc T`c SZ_T _Z Q`_e` T`c gd^SUT[cZT

QgU egVV_cd YST�

`c eY[[SZ_egT_YZ _U ZYQ UTgVTcd gag_Z� `c ]a _U

gag_Z ceYZdgVO gUTcV bYV T`c UcZUYV gZd \YgdU T`c gd^SUT[cZT dgTg

bVY[ T`c UcZUYV�

`cZ cZTcV T`c [Yd_®cd Rg\ScU bYV T`c © cgUSV_Za VgZac fca_Z© gZd

© cgUSV_Za VgZac cZd©�

`c cZTcVcd Rg\Sc bYV T`c [cgUSV_Za VgZac fca_Z gZd cZd gVc

TVgZUbcVVcd TY T`c UcZUYV Q`cZ UgR_Za�

VYeccd gU XVcR_YSU\O dcUeV_fcd bYV g ZcQ _Zd_egT_YZ Ueg\_Za�

\�_ QgVcq gZd

_T` gZ cP_UT_Za eYZZceT_YZ bVY[ ]a TY T`c UcZUYV�

gd^SUT[cZT e`gZacU _Z T`c UcZUYV egZ g\UY fc egVV_cd YST R_g YT`cV

gd^SUT[cZT UOUTc[U USe` gU QgVcq YV � `_U

dYcU ZYT egSUc eYZ¬_eTU� fST T`c e`gZacU gVc ZYT SXdgTcd gSTY[gT_�

eg\\O _Z ]a� YV SXdgT_Za� g eYZZceT_YZ _U VcWS_Vcd� Y

dY T`_U� T`c U_aZg\ e_VeS_T [SUT fc _ZTcVVSXTcd gZd T`cZ Vc�eYZZceTcd�

U gZ g\TcVZgT_Rc� _T _U XYUU_f\c TY UcT T`c SZ_T _Z T`c [cZS

© cgUSVc[cZT© fV_c¬O TY © ©� b _T _U T`cZ gag_Z VcUcT TY g SZ_T

USXXYVTcd fO T`c UcZUYV USe` gU bYV cPg[X\c ©fgV© YV ©[©� T`c e`gZacU

egVV_cd YST _Z T`c [cgZT_[c R_g YT`cV gd^SUT[cZT UOUTc[U gVc SXdgTcd

_Z T`c ]a�

]a `\

\ cT SX UcZUYVU
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[ _gaZYU_U gZd UcVR_ec

[�b g_ZTcZgZec

b T`c dcR_ec _U SUcd eYVVceT\O� ZY [g_ZTcZgZec _U VcWS_Vcd _Z ZYV[g\

YXcVgT_YZ�

[�a VVYV [cUUgacU

eY[[SZ_egT_YZ cVVYVU gVc U_aZg\\cd Q_T` ZS[cV_eg\ eYdcU b � \�

Z cVVYV [cUUgac _U UcZT _b g TVgZUgeT_YZ QgU ZYT USeecUUbS\ gbTcV

[S\T_X\c gTTc[XTU�

Z cVVYV [cUUgac _U YZ\O d_UX\gOcd _b gZ cVVYV YeeSVU dSc TY g

TVgZU[_TTcd eY[[gZd� T`_U [cgZU YZ\O _b T`c cVVYV _U egSUcd fO gZ

gd^SUT[cZT Yb T`c SUcV� VVYVU _Z T`c eY[[SZ_egT_YZ fcTQccZ eYZTVY\

UOUTc[ gZd UcZUYV gVc dcTceTcd fST ZYT d_UX\gOcd�

`c [cgUSVcd Rg\Sc \_Zc U`YQU © VVYV}� T`c UTgTSU \_Zc © Z}

Q`cVcfO ©Z© VcXVcUcZTU T`c ZS[cV_eg\ cVVYV eYdc� `c cVVYV [cUUgac

_U d_UX\gOcd SX TY T`c ZcPT ]cO XVcUU_Za�

`c bY\\YQ_Za Tgf\c U`YQU T`c cVVYV eYdcU gZd a_RcU _ZbYV[gT_YZ YZ T`c

bg_\SVc VcgUYZ gZd Vc[YRg\�

VVYV eYdc cUeV_XT_YZ gSUc

b VgZU[_TTcV dYcU ZYT gZUQcV

a Y[[SZ_egT_YZ cVVYV ¦ gV_TO� e`ce]US[� Xge]gac

\cZaT` bgS\TO dSV_Za VcecX�

T_YZ

¦ VgZU[_TTcV U_aZg\U Vcec_XT

cVVYV

` Y[[gZd ZYT _[X\c[cZTcd Y[[gZd _U ZYT USXXYVTcd fO

T`c TVgZU[_TTcV�

_ gZac cVVYV ¦ g\Sc ZYT Q_T`_Z T`c VgZac

USXXYVTcd fO T`c UcZUYV

¦ cWScUTcd [cgUSV_Za SZ_T

_U ZYT USXXYVTcd

^ VVYV Yb T`c TVgZU[_TTcV _U ZYT

UXce_®cd _Z dcTg_\

cZUYV U_aZg\U gZ cVVYV _Z T`c

UTgTSU fOTc Q`_e` QgU ZYT

_Tc[_Ncd�

] _[c�YST Q_T` fSU geecUU SU XcV[gZcZT\O YeeSX_cd

\ YT USXXYVTcd [cgUSV_Za SZ_T

]a `Z

[ _gaZYU_U gZd UcVR_ec
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[�` c[YRc _ZTcVbcVcZecU

`c YXcVgTYV Yb T`c UOUTc[ _U VcUXYZU_f\c bYV Tg]_Za US_Tgf\c [cgUSVcU

TY VceT_bO bgS\TU�

YZZceT g `gZd[S\T_[cTcV _Z T`c US_Tgf\c [cgUSV_Za VgZac geeYVd_Za

TY T`c Q_V_Za X\gZ� `c bY\\YQ_Za Tgf\c dcUeV_fcU XYUU_f\c cVVYVU _Z T`c

eSVVcZT U_aZg\ gZd `c\XU TY Vc[YRc T`c[�

VVYV gSUc ceT_®egT_YZ

_ � ac [ U_aZg\

ZYT UTgf\c

¦ cRc\ ¬SeTSg�

T_YZU

¦ cT dg[X_Za geeYVd_Za TY T`c _Z�

UTVS[cZT R_g T`c _Zd_egT_Za gZd

gd^SUT[cZT [YdS\c YV QgVcq

_ � ac [ U_aZg\

[_UU_Za

¦ \ceTV_eg\ eYZ�

ZceT_YZ bgS\TO

¦ `ce] eYZZceT_YZ geeYVd_Za TY

e`gXTcV © YZZceT_YZ UTcXU© gZd _b

ZcecUUgVO� eYVVceT geeYVd_Za TY

e`gXTcV © _V_Za X\gZ©�

¦ Y\Tgac USXX\O

[_UU_Za

¦ `ce] egf\cU bYV fVcg]U� VcXg_V _b

ZcecUUgVO

¦ XcVgT_Za RY\�

Tgac TYY \YQ YV

\Ygd VcU_U�

TgZec TYY `_a`

¦ `ce]� gdgXT _b ZcecUUgVO

SVVcZT U_aZg\

aVcgTcV T`gZaa[
YV \cUU T`gZ

`�] [

¦ \ceTVYZ_eU

[YdS\c _Z T`c

UcZUYV dcbceT_�

Rc

¦ Pe`gZac T`c _ZUTVS[cZT YV UcZd _T

_Z bYV VcXg_V

cXcZd_Za YZ T`c VcgUYZ bYV T`c bgS\T gZd T`c [cgUSVcU Tg]cZ� T`c

UTcXU dcUeV_fcd _Z e`gXTcV © cTSX© [SUT fc egVV_cd YST gag_Z YV [SUT

fc e`ce]cd bYV X\gSU_f_\_TO gZd eY[X\cTcZcUU�

`YS\d T`cUc [cgUSVcU ZYT fc USeecUUbS\� X\cgUc eg\\ _Z SVacZT egUcU

T`c UcVR_ec `YT\_Zc SZdcV T`c X`YZc ZY� _Z b[c^ [^[^^c�

`c `YT\_Zc _U g\UY gRg_\gf\c YSTU_dc T`c ZYV[g\ QYV]_Za `YSVU YZ

UcRcZ dgOU g Qcc] gVYSZd T`c e\Ye]�

_Zec Qc Y°cV T`_U UcVR_ec QYV\dQ_dc� T`c USXXYVT _U _Z T`c Za\_U`

\gZaSgac� `c UcVR_ec _TUc\b _U bVcc Yb e`gVac� T`c YZ\O eYUTU _ZRY\Rcd

gVc T`c ZYV[g\ eg\\ e`gVacU�

[�_ YQ TY XVYeccd _Z egUc Yb VcXg_V

b g VcXg_V _U ZcecUUgVO� X\cgUc XVYeccd gU bY\\YQU�

cgeT_YZ Q`cZ [g\bSZe�

T_YZU YeeSV

`ce] T`c _ � ac [

U_aZg\

cgeT_YZ gbTcV bgS\T Vce�

T_®egT_YZ

a_ `YSV UcVR_ec `YT\_Zc

_c ]a

[ _gaZYU_U gZd UcVR_ec
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YS egZ dYQZ\Ygd g VcTSVZ bYV[ da` c bVY[ YSV `Y[cXgac gT QQQ�

Rcag�eY[ SZdcV� © YQZ\YgdU � YV[U gZd ecVT_®egTcU � cXg_V bYV[©�

O dY_Za T`_U OYS `c\X SU egVVO YST T`c VcXg_V WS_e]\O gZd Q_T`YST

`gR_Za TY eg\\ fge] bYV Zccdcd _ZbYV[gT_YZ�

¦ V_ZT gZd ®\\ YST YZc bYV[ XcV _ZUTVS[cZT

¦ \cgZ T`c _ZUTVS[cZT gZd Xge] _T dg[gac�XVYYb

¦ TTge` T`c eY[X\cTcd bYV[ gZd� _b Zccd fc� g\UY g UgbcTO dgTg

U`ccT YSTU_dc YZ T`c Xge]ga_Za

¦ \cgUc gU] T`c gacZeO UcVR_Za OYS bYV T`c gddVcUU Yb OYSV VcTSVZ

U`_X[cZT� YS egZ ®Zd T`c eY[XcTcZT gacZeO YZ YSV QcfU_Tc

QQQ�Rcag�eY[�

]a _b

[ _gaZYU_U gZd UcVR_ec
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Z _U[YSZT_Za

Z�b _U[YSZT_Za UTcXU

gVZ_Za�

cbYVc d_U[YSZT_Za� fc gQgVc Yb dgZacVYSU XVYecUU eYZd_T_YZU USe`

gU c�a� XVcUUSVc _Z T`c RcUUc\� `_a` Tc[XcVgTSVcU� eYVVYU_Rc YV TYP_e

XVYdSeTU cTe�

g]c ZYTc Yb e`gXTcVU © YSZT_Za© gZd © YZZceT_Za TY XYQcV USXX\O©

gZd egVVO YST T`c \_UTcd UTcXU _Z VcRcVUc YVdcV�

Z�a _UXYUg\

`c _ZUTVS[cZT eYZU_UTU Yb [gTcV_g\U Q`_e` egZ fc VceOe\cd fO

UXce_g\_Ucd VceOe\_Za eY[XgZ_cU� c SUc VceOe\gf\c [gTcV_g\U gZd

`gRc dcU_aZcd T`c c\ceTVYZ_eU TY fc cgU_\O UcXgVgf\c�

d_VceT_Rc accaqZ]q

`_U _ZUTVS[cZT _U ZYT USf^ceT TY T`c d_VceT_Rc accaqZ]q gZd

T`c VcUXceT_Rc ZgT_YZg\ \gQU� gUU T`c _ZUTVS[cZT d_VceT\O YZ TY g

UXce_g\_Ucd VceOe\_Za eY[XgZO gZd dY ZYT SUc T`c [SZ_e_Xg\ eY\\ceT_Za

XY_ZTU� `cUc [gO fc SUcd YZ\O bYV XV_RgTc\O SUcd XVYdSeTU geeYVd_Za

TY T`c d_VceT_Rc�

YVVceT d_UXYUg\ gRY_dU ZcagT_Rc c°ceTU YZ `S[gZU gZd T`c cZR_VYZ�

[cZT gZd cZUSVcU VceOe\_Za Yb SUcbS\ VgQ [gTcV_g\U�

gTcV_g\U� Ucc e`gXTcV © ce`Z_eg\ dgTg©

b OYS `gRc ZY QgO TY d_UXYUc Yb T`c Y\d _ZUTVS[cZT XVYXcV\O� X\cgUc

eYZTgeT SU eYZecVZ_Za VcTSVZ gZd d_UXYUg\�

_a ]a
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bc SXX\c[cZT

bc�b ce`Z_eg\ dgTg

cZcVg\ dgTg

`b] eYVVcUXYZdU TY b�__c_ YV b�__`^� `b] _ eYVVcUXYZdU TY b�_^\b

gTcV_g\U

YSU_Za X\gUT_e � \S d_c�egUT_Za� `b]

ZUXceT_YZ Q_ZdYQ _Z `YSU_Za eYRcV bYV

_Zd_egT_Za gZd gd^SUT[cZT [YdS\c

Y\OegVfYZgTc d �\_]� \_UTcdc

VYSZd TcV[_Zg\ `b] _q`b]

c_a`T c�`^ ]a dc�\\a \fUc

SXX\O e_VeS_T

Y\Tgac USXX\O gZd dgTg TVgZU[_UU_YZ R_g T`c U_aZg\ e_VeS_T

Y\Tgac \YUU

gT _ [ gXXVYP� `

gT ac [ gXXVYP� a

SVVcZT VgZac `�^ � aa�^ [ \c

SVVcZT _ZeVcgUc Q_T` eY[[gZdqcZWS_VO Yb

T`c ]a TY T`c UcZUYV

ý ^cc � bYV gXXVYP_[gTc\O ac [U� dcegO gbTcV c�

bSZeT_YZ

RcVeSVVcZT VcU_UTgZec bcc [

ZTcVXY\gT_YZ XVYTceT_YZ gRg_\gf\c� [gP� eSVVcZT bcc [

SVVcZT [cgUSVc[cZT

cgUSV_Za VgZac \YYX eSVVcZT `�^ � aa�^ [ [c

cR_gT_YZZc c�c^ Yb T`c UXgZ

c[XcVgTSVc eYc¯e_cZTbcc c�b Yb T`c UXgZqbc

ZTcVRg\ a^c [U

Zd_egT_Za gZd gd^SUT[cZT [YdS\c

_UX\gO

V_Ze_X\c

cgUSVcd Rg\Sc XVcUcZTgT_YZ \ Uca[cZTU� ^�d_a_T� `c_a`T Yb d_a_TU Z[[ dc�`^_ _Zc�

_Zd_egT_YZ VgZac �ZZZZZ � ZZZZZ

gV aVgX` ac Uca[cZTU

ZbY \_Zc b_ Uca[cZTU� ]�d_a_T� `c_a`T Yb d_a_TU ^�^ [[

dc�ab\ _Zc

\c `c _Zd_egT_YZ Vc[g_ZU dgV] _b T`c \YYX eSVVcZT _U ZYT US¯e_cZT bYV YXcVgT_YZ�
[c YV [cgUSVcd Rg\ScU YSTU_dc T`c [cgUSV_Za VgZac� gZ _ZUTVSeT_YZU _U d_U�

X\gOcd _ZUTcgd Yb T`c [cgUSVcd Rg\Sc�
Zc Q_T` VcbcVcZec Tc[XcVgTSVc ac 
bcc Q_T` VcbcVcZec Tc[XcVgTSVc ac 

]a _`

bc SXX\c[cZT
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d^SUT[cZT c\c[cZTU _ ]cOU

VYTceT_YZ VgT_Za

SZgUUc[f\cd ac

[YSZTcd _ZTY ]a Q_T`YST eYRcV _c

gTcV_g\U

YSU_Za

ZUXceT_YZ Q_ZdYQ Y\OcUTcV bY_\

[f_cZT eYZd_T_YZU

[f_cZT Tc[XcVgTSVc �ac � \c  d�_ � b^[  c

TYVgac gZd TVgZUXYVT Tc[XcVgTSVc �_c � [c  d�_c � b\]  c

\ceTVY[ce`gZ_eg\ dgTg

gf\c a\gZd a P egf\c cZTVO ac P b�^ degf\c� æ ^ � Z [[c

XV_Za�\Ygdcd TcV[_Zg\U bYV Q_Vc eVYUU�UceT_YZ

gUU_Rc Q_Vc� eYVd c�a � a�^ [[U d a_ � b_c

TVgZdcd Q_Vc Q_T` cZd U\ccRc c�a � b�^ [[U d a_ � b]c

\ceTV_eg\ XVYTceT_Rc [cgUSVcU

VYTceT_YZ VgT_Za

YSU_Za X\gUT_e ]]q ]\

YSU_Za \S[_Z_S[� UTg_Z\cUU UTcc\ ]]q ][ dc�a fgVc

RcVRY\Tgac egTcaYVO

VYTceT_YZ e\gUU

__ ]a

bc SXX\c[cZT
`
]
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bc�a eY[[SZ_egT_YZ

`c XVYTYeY\ YXcVgTcU Q_T` T`c Tce`ZY\YaO Yb T`c bVcWScZeO U`_bT ]cO_Za d bVcWScZeO U`_bT

]cO_Zac fgUcd YZ T`c dgTg eY[[SZ_egT_YZ UTgZdgVd c\\ aca� `c d_a_Tg\ U_aZg\ _U acZcVgTcd YST Yb T`c
bVcWScZe_cU bacc gZd aacc N VcXVcUcZT_Za cge` T`c f_T _ZbYV[gT_YZ b gZd c� _ZSU eSVRcU Q_T` T`cUc

bVcWScZe_cU gVc USXcV_[XYUcd TY T`c d_VceT eSVVcZT _Z T`c Q_Vc Xg_V Yb T`c ®c\d dcR_ec� `c gRcVgac

Rg\Sc Yb T`c USXcV_[XYUcd U_aZg\ _U NcVY� cZec T`c _� ac [ U_aZg\ _U ZYT _Z¬ScZecd fO T`c d_a_Tg\

dgTg TVgZU[_UU_YZ�

Y[[gZdU Q`cZ TVgZU[_TT_Za

SV_Za TVgZU[_UU_YZ� YZ\O T`c \YZa gddVcUU bYV[gT _U SUcd Q`_e` _U USXXYVTcd fO g\\ UcZUYVU gU Yb

VcR_U_YZ ^�

Y[[gZd ZY� Y[[gZd Zg[c cUeV_XT_YZ

c cgd YV dcTcV[_ZgT_YZ Yb T`c bVY[ T`c gddVcUU

b cgd XV_[gVO RgV_gf\c YV Vcgd_Za YST T`c [cgUSVcd Rg\Sc

b^ cgd YSTXST _ZbYV[gT_YZ Y SXdgTc T`c Ueg\_Za Yb T`c d_UX\gO gbTcV YV

`_ V_Tc dg[X_Za Rg\Sc �

`^ V_Tc VgZac Rg\ScU d^SUT[cZT Yb T`c TVgZU[_TTcV Ueg\_Za

`] cT SXXcV VgZac Rg\Sc gP� gd^SUT[cZTq

`\ cT \YQcV VgZac Rg\Sc _Z� gd^SUT[cZTq

__ V_Tc SZ_TU d^SUT[cZT Yb T`c TVgZU[_TTcV SZ_T

Y[[gZd dSV_Za VcecXT_YZ

Z\O [cUUgacU gVc Vcec_Rcd T`c VcTSVZ gddVcUU Yb Q`_e` eYVVcUXYZd Q_T` gd^SUTcd XY\\_Za gddVcUU YV

T`c dcTcV[_Zcd �

Y[[gZd ZY� Y[[gZd Zg[c cUeV_XT_YZ

b V_Tc XY\\_Za gdVcUU gddVcUU [Yd_®cd fO T`c eYZTVY\ VYY[ _U

geecXTcd fO T`c d_UX\gO

] cgd eSVVcZT « _ RgVU YV e`ce]_Za T`c UcT [cgUSV_Za SZ_T

b^ cgd YSTXST _ZbYV[gT_YZ eecXT TVgZU[_TTcV Ueg\_Za

`_ V_Tc dg[X_Za Rg\Sc cTT_Za TVgZU[_TTcV dg[X_Za fO eYZTVY\ VYY[

`^ V_Tc VgZac Rg\ScU VgZU[_TTcV Ueg\_Za fO eYZTVY\ VYY[

`] cT SXXcV VgZac Rg\Sc gP� gd^SUT[cZTq T`VYSa` eYZTVY\ UOUTc[

bTcV Vcec_XT� T`c ZcQ Ueg\_Za _U Vcgd YST Q_T` eY[[gZd

b^

]a _^

bc SXX\c[cZT
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Y[[gZd ZY� Y[[gZd Zg[c cUeV_XT_YZ

`\ cT \YQcV VgZac Rg\Sc _Z� gd^SUT[cZTq T`VYSa` eYZTVY\ UOUTc[

bTcV Vcec_XT� T`c ZcQ Ueg\_Za _U Vcgd YST Q_T` eY[[gZd

b^

__ V_Tc SZ_TU Z_T T`VYSa` eYZTVY\ UOUTc[

bTcV Vcec_XT� T`c ZcQ Ueg\_Za _U Vcgd YST Q_T` eY[[gZd
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MultiTrode Inc · USA
6560 East Rogers Circle

Boca Raton   Florida   33487
Tel: +1 561 994 8090   Fax: +1 561 994 6282

sales@multitrode.net

MultiTrode Pty Ltd · Australia
Brisbane Technology Park   18 Brandl Street

PO Box 4633   Eight Mile Plains   Qld   4113
Tel: +61 7 3340 7000   Fax: +61 7 3340 7077

sales@multitrode.com.au

www.multitrode.com

The MultiTrode Probe
MultiTrode probes are 
unsurpassed for rugged 
reliability, cost effectiveness  
and simplicity. Designed  
for the tough, turbulent 
conditions found in water, 
sewage and industrial tanks 
and sumps, the probes can  
be found in the simplest and 
the most complex water  
and wastewater management  
systems around the world.   

 Low maintenance  
 Simple installation
 Excellent in turbulence  
 Short & long term cost savings
 Environmentally friendly
 Safe, low sensing voltage
 Unaffected by fat, grease,  

 debris and foam
 Positive pump cut-out 
 Safe – MTISB Barrier

Reliable in all conditions
Operation is unaffected by build up of fat,  
grease debris and foam, which causes other 
systems such as floats, bubblers, pressure and 
ultrasonic transducers to fail.  Turbulence does 
not affect the probe operation. The rugged, streamlined  
design eliminates tangling and is ideal for confined spaces. 

Positive pump cut-out
Operational consistency is important to longevity, low 
maintenance and cost control. The positive pump cut-out 
ensures pumps are turned off at the same level every time.  
This avoids damage due to pump over run and the cost of 
additional control equipment.

Safe for people and environment 
The extra low sensing voltage ensures operators and 
maintenance staff are protected. All MultiTrode products  
are environmentally safe, containing no mercury or other 
harmful contaminants. 

Cost savings 
The low cost of equipment, installation and maintenance 
makes MultiTrode one of the most efficient level control 
systems available. Plus robust construction and longevity 
ensures continued cost savings when compared to other 
systems on the market.

Standard and custom probes
MultiTrode manufactures a wide range of standard probes, 
from a single sensor (200mm) to a ten-sensor probe (1000mm 
increasing to a maximum of nine metres). Custom probes can 
be manufactured to suit your requirements.

Installation
Installation is straightforward. Probes are easy to install 
without entering the wet area. The probe is simply lowered 
in from the top and suspended by its own cable, using the 
mounting kit supplied.

MTAK-1 Mounting Kit (Supplied)

MTAK-2 Mounting Kit (Optional extra)

This extended bracket 
provides up to 300mm 
extra wall clearance. 
This bracket is not 
included as standard 
with probes.

Ordering Examples and Information
  Probe Sensor Cable 
 Model Length  Separation  Length* Number of
 Code (m/in) (mm/in) (m/ft) Sensors 

 0.2/1-10 0.2/8 N/A 10/33 1
 0.5/3-10 0.5/16 150/6 10/33 3
 1.0/10-10 1/40 100/4 10/33 10
 1.5/10-30 1.5/60 150/6 30/100 10
 2.0/10-30 2/80 200/8 30/100 10
 2.5/10-30 2.5/96 250/10 30/100 10
 3.0/10-30 3/115 300/12 30/100 10
 6.0/10-30 6/224 600/24 30/100 10
 9.0/10-30 9/368 900/40 30/100 10 

*Cable Length 10m/33ft or 30m/100ft

  Probe Length Sensor Cable Length
  (meters) Points (meters)

  2.5 10 10

The mounting bracket is a standard  
accessory supplied with all  
multi-sensor probes (not  
standard with 0.2/1-xx  
single sensor probe).  
The MTAK-1 mounting bracket has  
an integral cleaning device. All metal  
components are stainless steel.
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UK / IRL

Industrial plugs and sockets
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MENNEKES – highest quality world-wide.

Create connections.    Keep connections.

Neudorf works / Germany Production facilities in Kirchhundem / Germany

2
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Made in GermanyMade in Germany

Create connections.    Keep connections.

Only our products that pass the MENNEKES vigourous testing will bear the name.

Extremes of cold, heat, dust and water are tested in our laboratories again and again. 
After this, the products are certified by accredited institutions. 
According to international standards. 

For the world market we produce at three locations. 
The headquarter is in Kirchhundem / Germany.
Through regional sales offices, subsidiaries and international 
agencies we are truly a global company.
More than 720 employees make sure, that MENNEKES 
products are popular in the whole world.

Kirchhundem headquarters

3
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Connectors

 IP 44

AM-TOP® 

single part 
body, screw 
terminals

 IP 44  IP 44 IP 67 IP 44 IP 67

 IP 44

ProTOP 
split body, 
screw 
terminals

 IP 67

AM-TOP® 

single part 
body, screw 
terminals

 IP 67

PowerTOP 
with 
external 
strain 
relief

 IP 44

AM-TOP® 

single part 
body, screw 
terminals 

Plugs

 IP 44

ProTOP 
split body, 
screw 
terminals

 IP 67

AM-TOP® 

single part 
body, screw 
terminals

 IP 67

PowerTOP 
with 
external 
strain 
relief

Angled plugs

 IP 44

Angled connector

 IP 44  IP 67 IP 44 IP 44 IP 44

Panel mounted receptacles

 IP 44

Receptacles

 IP 44  IP 44  IP 67

MENNEKES CEE plugs and receptacles 16A and 32A

straight straight angled 20° angled 20°   RAPIDO 
with screw 

terminals 

Appliance Inlets
outside fixing inside fixing inside fixing

RAPIDO receptacles are 
available with screw terminals 
or with screwless TwinCONTACT.

Other voltages and frequencies available on request.

 IP 44

* VarioTOP

1) 1)

1)

1)

2) 2) 2)

2)

2)

2)

2)

1) with M20 conduit entries                  2) with M25 conduit entries

2)

4

A P 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V
16 3 509 510 511 179A 180A 181A 539 540 541 3859 3860 3862 - 1438 -
16 4 512 513 514 - 193A 194A 542 543 544 3869 3873 3871 - - -
16 5 518 519 5 - - 15A 548 549 550 3879 3883 3881 - - -

32 3 521 522 523 121 122 - 551 552 553 3887 3888 3891 - - -
32 4 524 525 526 - 125 126 554 555 556 3896 3899 3897 - - -
32 5 530 531 6 - - 16A 560 561 562 3905 3909 3907 - - -

A P 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V
16 3 247 248 249 147A 148A 149 277 278 279 3794 3796 3799 1410 1411 1412
16 4 250 251 252 - 151A 152A 280 281 282 3807 3811 3809 890 891 315
16 5 256 257 3 - - 13A 286 287 288 3819 3823 3821 3312 3981* 3980*

32 3 259 260 261 159 160 - 289 290 291 3829 3830 3832 - 3306
32 4 262 263 264 - 163 164  292 293 294 3839 3844 3841 - 3646 3987
32 5 268 269 4 - - 14A 298 299 300 3851 3855 3853 - 3424 3266

A P 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V
16 3 1177 1178 - 100 101 102 - - - 1193ZA 1192ZA 1211
16 4 - 1267 1268 103 104 105 3030 3034 1418 1194 1195 1196ZA
16 5 - - 1 109 110 111 3041 3045 1419 1198 1199 1200ZA

32 3 1368 1369 - - - - 1420ZA 1421ZA 1422 1201ZA 1202ZA 1203
32 4 1371 1372 1373 - - - 1423 1224 1425ZA 1204 1205 1206ZA
32 5 - - 2 - - - 1555 1556 1557ZA 1208 1209 1210ZA

A P 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V
16 3 1365 1366 1367 217A 218A 219A 1462 1463 1464 1474 1475 1476 964 966 -
16 4 1388 1389 1390 220A 221A 222A 1465 1466 1467 1477 1478 1479 - 908 968
16 5 1384 1386 1385 226A 227A 228A 1471 1472 1473 1483 1484 1485 - - 969

32 3 1394 1395 1396 229A 230A 231A 1491 1492 1493 1501 1502 1503 918 995 -
32 4 1397 1398 1399 232A 233A 234A 1494 1495 1496 1504 1505 1506 - 929 999
32 5 3449 3454 3451 238A 239A 240A 1498 1499 1500 1489 1490 1551 - - 976

A P 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V 110V 230V 400V
16 3 843 844 - 331 332 333 - - - 810 812 - 825 826 -
16 4 - - 800 334 335 336 392 393 394 - 837 813 - 839 827
16 5 - - 801 340 341 342 398 399 400 - - 815 - - 829

32 3 - 802 - 343 344 345 401 402 403 816 817 - 830 831 -
32 4 - 803 346 347 348 404 405 406 - 838 819 - 840 832
32 5 - - 804 352 353 354 410 411 412 - - 821 - - 834
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FILTER FANS
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79

KRYOS Filter fans
Griglie di ventilazione con filtro

Lüftungsgitter mit Filter
Rejillas de ventilaciön con filtro

COMMON FEATURES
The units allow a simple and cost effective solution for 
enclosure cooling. Designed for easy clip-on mounting and 
made out of high resistance, self-extinguishing ABS UL94VO 
grade, they cover an air flow rate range from 35 m3/hr to 1100 
m3/hr. They provide an IP54 protection degree. All the fans are 
mounted on ball bearings with MTBF of 40000 hrs.

CARATTERISTICHE GENERALI
I sistemi di ventilazione garantiscono una soluzione semplice 
ed economica per la gestione della temperatura dell’armadio 
elettrico. Progettati per il montaggio facilitato a scatto, sono 
costruiti in ABS UL94VO autoestinguente ad elevata resistenza 
meccanica. Le portate d’aria vanno da 35 a 1100 m3/h grazie 
ad efficienti ventilatori su cuscinetto con una vita attesa di 
40000 ore. Il grado di protezione standard è IP54.

CARACTERÍSTICAS COMUNES
Este sistema de ventilación es una solución simple y económica 
de la gestión de la temperatura de los armarios eléctricos. Estan 
diseñados para un fácil montaje de clip a presión y construidos 
en ABS UL94VO auto-extinguibles  de elevada resistencia 
mecánica. Cubren una amplia gama de caudales desde 35 
m3/h a 1100 m3/h . Proveen un grado de protección IP54. 
Todos los ventiladores son de rodamientos con una duración 
de 40000 horas.

ALLGEMEINE MERKMALE
Die Filterlüfter erlauben eine einfache und günstige Lösung 
für Schaltschrankkühlung. Durch die Snap-In Montage sind sie 
schnell zu montieren. 
Das Material ist aus höchst resistentem, selbstverlöschenden 
ABS nach UL 94V-O.
Luftförderleistungen sind von35 bis 1100m_/h verfügbar.
Kugelgelagerte Lüfter garantieren eine Lebensdauer von 
40.000 Betriebsstunden. 
Die Schutzart ist IP54.
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80

UL
Self-extinguishing ABS UL94VO 
grade

UL
ABS ad alta resistenza meccanica ed 
autoestinguente (UL94 VO)

UL
Selbstlöschendem ABS (UL94 VO) 
decken 

UL
ABS de alta resistencia mecánica e 
incombustible (UL94 VO)

Ball bearings:
Ball bearing fans

Ball bearings:
Ventilatori su cuscinetti a sfera

Ball bearings:
Luefter auf Lagern

Ball bearings:
Ventiladores sobre cojinetes

ACCESSORIES - ACCESSORI - ZUBEHOR - ACCESORIOS

IP54
The unit have IP54 protection 
degree

IP54
I prodotti sono IP54

IP54
Die Artikel sind IP54

IP54
Proteccion IP54

TMF
Mechanical thermostat 0-60°C

TMF
Termostato meccanico 0-60°C

TMF
Mechanischer Thermostat 0-60°C

TMF
Termostato mecanico 0-60°C

KRYOS 

Air flow:
35/1100m3/h

Portata d’aria:
35/1100m3/h

Luftmenge:
35/1100m3/h

Caudal aire:
35/1100m3/h
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KRYOS
GKV2501

22
3

223

230

23
0

Ø4.5

7 79

22
0

250

25
0

0
0

20

40

60

80

100

120

140

160

180

Performance - Resa - Leistung - Rendimento

30 60 90 120 150 180 210 240 270 300 330 360

m3/h

Pa

GKF25
GKF30

CODE - CODICE - CODE - CÓDIGO GKF25 GKV2501220 GKV2501222 GKV25P1220 GKV25P1222

Voltage / Phase / Frequency - Tensione / Fase / Frequenza
Spannung / Phase / Frequenz - Voltaje / Fase / Frecuencia

V-ph-Hz - 230-1-50/60 115/1/50-60 230-1-50/60 115/1/50-60

Height / Width / Depth - Altezza / Larghezza / Profondità
Höhe / Breite / Tiefe - Altura / Ancho / Profundidad

mm 230X250X25 250X250X86 250X250X86 250X250X86 250X250X86

Power absorbed - Potenza assorbit
Leistungsaufnahme - Potencia absorbida 

W/A - 50/0,25 50/0.42 50/0,25 50/0.42

Temperature limits - Limiti temperatura
Temperaturbereich - Límites temperatura

°C - -10/+70 -10/+70 -10/+70 -10/+70

Protection degree - Grado di protezione
Schutzgrad - Protección

IP 54 54 54 54 54

Noise level - Rumorosità
Geräuschpegel dB(A) - Nivel de ruido

dB(A) - 59 59 59 59

Fan flow GKV- Portata aria GKV
Luftmenge GKV- Caudal aire ventil GKV

m3/h - 370 370 370 370

Fan flow GKV+GKF25/GKF30 - Portata aria GKV+GKF25/GKF30
Luftmenge GKV+GKF25/GKF30 - Caudal aire ventil GKV+GKF25/GKF30

m3/h - 270/305 270/305 270/305 270/305

Air flow direction – Senso del flusso d’aria
Richtung Luftmenge – Dirección del flujo de aire

A A P P

  

E194444 E194444
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LF1B Series

LED Illumination Units
TM

Heat generation 
reduced by 

70%*

5 times
longer life*

Less power 
consumption &

71% less CO2 
emission*

Slim, space-
saving design
(only 16mm 

thick)

*Compared to 20W 
fluorescent lamps.

Low heat generation.
Four lengths & four illumination 
colors available.
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Illumination 
Color Cool White Warm White Yellow Red

Power
Voltage 24V DC

A
pp

ea
ra

nc
e Clear 

Cover

White  
Cover

Spectrum

Features

Suppressing glare, the bright, clear cool 
white illumination color lights up a target 
object clearly. This illumination color gives 
off a color temperature of 5500K. 

Warm color similar to that 
of incandescent lamps. This 
illumination color gives off a 
color temperature of 2800K.

Yellow illumination color 
gives off an emission 
spectrum with a dominant 
wavelength of 590 nm.

Red illumination color gives 
off an emission spectrum 
with a dominant wavelength 
of 625 nm.

Applications

Control panel• 
Plant equipment• 
Refrigerator/freezer• 
Inspection/test equipment• 
Advertising display/board• 
Machine tool• 

Food processing• 
machines
Cosmetic plants• 
Chemical plants• 
Showcases• 
Food display cases• 

Manufacturing equipment• 
IC foundries• 

Photosensitive materials• 
Semiconductor manufac-• 
turing equipment

Features
Brightness: 62.5 Lumens/Watt• 
Low heat generation.• 
Less energy usage, longer operation life, smaller mounting space, and no electrical noise.• 
71% reduction of power and CO• 2 emission when compared to 20W fl uorescent lamps (LF1B-C/D)
Thin and slim style fi ts into compact spaces.• 
Two cover colors: clear and white (diffused light)• 
Cool white, warm white, yellow and red illumination colors available.• 
UL Listed & IP54 protection against dust and water splash (IEC 60529)• 

Part No. Development

LF1B- C 3 S - 2 THWW4
LED Module Arrangement
A:  3 LEDs × 1 row
B:  6 LEDs × 1 row
C: 12 LEDs × 1 row
D: 24 LEDs × 1 row

LED Illumination Color
THWW4: Cool white
TLWW4: Warm white
SHY6: Yellow
SHR6: Red

Rated Voltage
2: 24V DC

Degree of Protection
S: IP54

Cover
3: Clear plastic
4: White plastic

LED Optics Specifications
Illumination Color Cool White Warm White Yellow Red

Luminous Intensity (typ.) (Single LED module) 5000 mcd 4500 mcd 2300 mcd 1800 mcd

Color Temperature (typ.)/Dominant Wavelength (typ.) 5500K 2800K 590 nm 625 nm

Reference Illuminance (typ.) at 
500 mm (clear cover)

 3 LEDs × 1 row 90 lx 60 lx 20 lx 20 lx

 6 LEDs × 1 row 170 lx 110 lx 40 lx 40 lx

12 LEDs × 1 row 330 lx 200 lx 75 lx 75 lx

24 LEDs × 1 row 560 lx 350 lx 125 lx 125 lx

Note: Illumination colors and illuminance may vary. Specifi cations shown in the above table are typical values and may vary depending upon actual 
environment.

Illumination Colors & Application Examples
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LF1B Series Illumination Units

Performance Specifications
Rated Voltage 24V DC (non-polarized)

Input Current (typ.)
(at the rated voltage)

LF1B-A 30mA
LF1B-B 60mA
LF1B-C 120mA
LF1B-D 240mA

Power Consumption (typ.)
(at the rated voltage)

LF1B-A 0.8W
LF1B-B 1.5W
LF1B-C 2.9W
LF1B-D 5.8W

Insulation Resistance 100MΩ minimum (500V DC megger)
Dielectric Strength 1000V AC, 1 minute (between live and dead parts)

Vibration Resistance (damage limits) Frequency: 5 to 55 Hz
Amplitude: 0.5 mm

Shock Resistance (damage limits) 1000m/s2

Operating Temperature –30 to +55°C (no freezing)
Operating Humidity 45 to 85% RH (no condensation)
Storage Temperature –35 to +70°C (no freezing)
Operating Atmosphere No corrosive gas
Life 40000 hours (The total illumination duration in which the luminance maintains a minimum of 70% of the initial value.)
Degree of Protection IP54

Material
End cover, conduit: polyamide
Cover: polycarbonate
Wire: US20276T AWG24 × 2C

Weight (approx.)

LF1B-A 95g
LF1B-B 125g
LF1B-C 165g
LF1B-D 255g

Do not use the LF1B illumination units in environments subject to corrosive gases, otherwise illuminance may deteriorate.• 

Dimensions

Internal Circuit

Fuse

Brown

Blue
(non-polarized) LED

Type No. A B C
LF1B-A 134 64 123
LF1B-B 210 140 199
LF1B-C 330 260 319
LF1B-D 580 510 569

15

3000
±20

9

Conduit

Wire: US20276T
 AWG24 × 2c (brown, blue)

35

2.
5

(7.4)

35
15

7

6

4.
2

27
.5

16

End Cover

R2.1

A
 (B)

C

LED Module

Cover

ø3
.5
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Industrial Xenon Beacons >

X195 / X197 Series

Product overview

The X195 and X197 are suitable for
security, process control & general
industrial signalling applications.

These beacons are of the Flashing
mode type (single stage alarm) Xenon
beacons (sometimes called strobes)
are controlled via a PCB and put

white light by ionizing and then
discharging a large current through
the xenon gas. The design allows for

termination inside the enclosure. The
X195 deep base version offers 2 x
M20 side knockouts and 1 x M20 rear.

allows for cable entry of up to 5mm on
the side of the unit (x2) and 1 x M20
knockout at the rear.

The X197 high power version only
allows for internal connection via
the M20 rear knockout. Due to the
power rating the unit has a rated
’On’ time of 2 hours in any six
(see technical data sheet).

Code No: Voltage: Light Source: Current:

5 Joules Version

X195-02WH-SB 15-28v Ac/Dc Xenon 5.0 J 310 mA

X195-02WH 15-28v Ac/Dc Xenon 5.0 J 310 mA

X195-05WH-SB 180-265v Ac ~ Xenon 5.0 J 110 mA

X195-05WH 180-265v Ac ~ Xenon 5.0 J 110 mA

10 Joules Version

X197-02WH 24v Dc --- Xenon 10.0 J 650 mA

Kg 0.25 Hz50 -25+45 IP 65 INDUSTRIAL

---~

---~

FIRE

X195 & X197
Deep Base Option

X195 Shallow Base Option

60

Visual Signals XENON
BEACONS

Features

Material

X195 / X197 Series > Ordering Information

01 02 03 04 05ADD THE FOLLOWING LENS CODES TO THE PRODUCT WHEN ORDERING

Continuously rated - Not X197

Suitable for conduit box
or wall mounting

1200 prime light output
above the vertical axis

WH = White back box

SB = Shallow base

Dustproof and Weatherproof

UV Stable Polycarbonate Lens

UV Stable ABS Plastic Base

oC FPM

APPROVALS and
CONFORMITIES
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The mechanical thermostat is used for controlling heating and cooling equipment, filter fans or
signal devices. The thermostat registers the surrounding air and can switch both inductive and
resistive loads via snap-action contact.

Adjustable temperature

High switching capacity

Small hysteresis

Terminals easily accessible

Clip fixing

Change-over contact

Re
gu

la
tin

g 
an

d 
M

on
ito

ri
ng

Mechanical Thermostat FZK 011

Technical Data

28

||

Art. No. Operating voltage* Setting range
01170.0-00 230VAC + 5 to +60°C
01170.0-02 230VAC -20 to +30°C

Examples of connection

e.g. Filter fan                                                                        
Thermostat FZK 011        Heater              Thermostat FZK 011        for cooling            Thermostat FZK 011   e.g. Signal device

Switch temperature difference 4K (± 1.5K tolerance)*

Sensor element thermostatic bimetal

Contact type change-over snap-action contact

Contact resistance < 10mOhm

Service life > 100,000 cycles

Max. Switching capacity, NC 250VAC, 10 (4) A

DC 30W

Max. Switching capacity, NO 250VAC, 5 (2) A

DC 30W

EMC acc. to EN 55014-1-2, EN 61000-3-2, EN 61000-3-3

Connection 4-pole terminal for 2.5mm², clamping torque 0.8Nm

Mounting clip for 35mm DIN rail, EN50022

Casing plastic according to UL94 V-0, light grey

Dimensions 67 x 50 x 38mm

Weight approx. 0.10kg

Fitting position variable

Operating/Storage temperature -20 to +80 °C (-4 to +176 °F) / -45 to +80 °C (-49 to +176 °F)

Protection type IP20

Approvals -

*Connecting terminal "N" (RF heating resistor) causes the thermal feedback to work and so reduces the

switch temperature difference to approx. 0.5K.

*operating voltage 120VAC with setting range in °F upon request

Load 1 = Enclosure heater
Load 2 = Filter fan, Cooling equipment, Signal device
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<AGEB6H5G<BA!B8!G;7!53@!BC7E3G76!EBG3EL!FJ<G5;!3A6!5BAG<AH7F!GB!

47!E75B9A<M76!3F!G;7!JBE?6!?7367E!<A!G;3G!CEB6H5G!8<7?6%

8CL<!C@E<

(?H7!,<A7!CEB6H5GF!3E7!CEBG75G76!4L!AH@7EBHF!C3G7AGF!G;EBH9;$

BHG!G;7!<A6HFGE<3?!JBE?6%!1;7L!3E7!4H<?G!GB!A3G<BA3?!3A6!<AG7EA3$

G<BA3?! FG3A63E6F! 3A6! 67F<9A76! GB! J<G;FG3A6! 36I7EF7! G7@C7E3$

GHE7F!3A6!5?<@3G7F%

(?H7!,<A7!CEB6H5GF!3E7!3557CG76!3A6!HA<I7EF3??L!E75B9A<M76!8BE

G;7<E!DH3?<GL!3A6!JBE>@3AF;<C%!1;7L!3E7!FHCCBEG76!4L!3!JBE?6$

J<67!F3?7F!3A6!F7EI<57!BE93A<M3G<BA%

1;7!+E3HF!"!.3<@7E!/79<FG7E76!1E367@3E>

!
NFIC;N@;<!JPD8FC

=FI!HL7C@KP JN@K9?><7I
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<YcS_^^USd_bc!Q^T!DQY^!JgYdSXUc!QSS*!d_!A=;!2,503)/!cUU!;QdQ\_W!1,,

4WV[NV[Z GQWU

;_^cdbeSdY_^!<QdQ .

<Y]U^cY_^c!Q^T
E_]Y^Q\!IQdY^Wc /

@_g!d_!_bTUb 0(!1

JgYdSX!>e^SdY_^!Q^T!;_^VYWebQdY_^

;C JgYdSXUc!-,!8).,!8
;(!;8 Q^T!;8<!JgYdSXUc!-,!8)/-1!8
FE+F>>!JgYdSXUc 2(!3
<_eR\U)dXb_g!JgYdSXUc 4)-,
?U^UbQ\!8``\YSQdY_^!JgYdSXUc -,
;_TY^W!JgYdSXUc --
De\dY)cdU`!JgYdSXUc -.)-0
M_\d]UdUb!JgYdSXUc -1)-3
8]]UdUb!JgYdSXUc -3)-5
M_\d)Q]]UdUb!JgYdSXUc -5
;_^db_\!JgYdSXUc -5(!.,
D_d_b!JgYdSXUc .-)./

C JgYdSXUc!/1,!8).0,,!8
FE+F>>!JgYdSXUc .0).2
<_eR\U)dXb_g!JgYdSXUc .2(!.3
De\dY)cdU`!JgYdSXUc .3(!.4

Ki`Uc!_V!D_e^dY^W
GQ^U\!D_e^dY^W .5)//
9QcU!D_e^dY^W /0
NQ\\!D_e^dY^W /1

=cSedSXU_^!G\QdUc /2(!/3

@Q^T\Uc /4

A^dUb^QdY_^Q\!JdQ^TQbTc!Q^T!8``b_fQ\c /5

KUSX^YSQ\!<QdQ 0,)0/

<Y]U^cY_^c
GQ^U\!D_e^dY^W 00)04
9QcU!D_e^dY^W 04(!05
NQ\\!D_e^dY^W 1,
FfUbQ\\!JgYdSX!CU^WdXc 1,(!1-

9\eU!CY^U!JgYdSXWUQb6
Je]]Qbi 1.
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.

4WVZ[Y\L[RWV!5J[J

KXU!\_QT!cgYdSXUc!_V!dXU!;(!;8(!;8<!Q^T!;C)cUbYUc!_VVUb!Q!c_\edY_^!V_b
]_cd!SQ]!cgYdSX!Q``\YSQdY_^c*!<YVVUbU^d!S_^dQSd!TUcYW^c(!S_^dQSd!]QdUbYQ\c
Q^T! dUb]Y^Q\c! Q\\_g! V_b! dXUYb! ecU! Qc! S_^db_\! cgYdSXUc(! Y^cdbe]U^dQdY_^
cgYdSXUc!Q^T!]_d_b!S_^db_\! cgYdSXUc(!Qc!gU\\!Qc! Y^!U\USdb_^YS!SYbSeYdbi
Q^T! Y^! QWWbUccYfU! U^fYb_^]U^dc! QSS_bTY^W! d_! A=;! 2,503)/! Q^T
M<=!,22,!`Qbd!-,3*

KXU!cdQWU!Yc!dXU!RQcYc!V_b!Q\\!cgYdSXUc!Q^T!SQ^!RU!ce``\YUT!gYdX!Q!]QhY)
]e]!_V!.!S_^dQSdc*!KXU!dUb]Y^Q\c!QbU!QSSUccYR\U!Vb_]!dXU!cYTU*!;8 Q^T
;8<!cgYdSXUc!QbU!ce``\YUT!gYdX!_`U^!dUb]Y^Q\c!d_!VQSY\YdQdU!gYbY^W!Q^T
QbU!`b_dUSdUT!QWQY^cd!QSSYTU^dQ\!VY^WUb!S_^dQSd!QSS_bTY^W!d_!=E!1,.30(
M<=!,22,!`Qbd!1-0!Q^T!9?M!8/*!;Q`dYfU!`\ec)]Y^ec!dUb]Y^Q\!cSbUgc
Q^T!Y^dUWbQdUT!cSbUgTbYfUb!WeYTUc!Q\c_!bUTeSU!gYbY^W*

KXU!cgYdSXUc!_V!dXU!^Ug!;C)cUbYUc!QbU!ce``\YUT!gYdX!becd)VbUU!Q^T!QSYT)
bUcYcdY^W!A<;!dUb]Y^Q\c!$;^ce\QdY_^!5Yc`\QSU]U^d!4_^^USdY_^%!Y^cdUQT!_V
cSbUg!di`U!dUb]Y^Q\c*!KXU!cdbY``Y^W!_b!`bU`QbQdY_^!_V!dXU!Y^ce\QdY_^!Yc!^_
\_^WUb!bUaeYbUT*!=\Y]Y^QdU!Ubb_bc!TeU!d_!Y*U*(!cdbY``UT!U^T!_V!dXU!S_^TeSd_b
d__!\_^W!_b!d__!cX_bd(!Y^S_bbUSd!c\UUfUc!ecUT(!c\UUfUc!SbY]`UT!Y^S_bbUSd\i
_b!gb_^W!SbY]`Y^W!d__\!Yc!ecUT(!dUb]Y^Q\!cSbUgc!^_d!dYWXdU^UT!`b_`Ub\i!UdS*
KXU!;C cgYdSXUc!bUTeSU!Y^cdQ\\QdY_^!dY]U!Ri!2,!#)3,!#!S_]`QbUT!d_!dXU
cSbUg! di`U! dUb]Y^Q\c*! KXYc! dbQ^c\QdUc! d_! cYW^YVYSQ^d! S_cd! cQfY^Wc*! >_b
S_^^USdY^W!.!S_^TeSd_bc!d_!Q!dUb]Y^Q\!Q^!QTTYdY_^Q\!cSbUg!dUb]Y^Q\!gYdX
`\ec)]Y^ec!cSbUg!Yc!QfQY\QR\U*

AV!Q!`_cYdYfU!]Q^eQ\!_`UbQdY_^!_b!Q!XYWXUb!<;!bQdY^W!Yc!bUaeYbUT(!]Q^i!_V
dXUcU!cgYdSXUc!SQ^!RU! VYddUT!gYdX!Q!c^Q`!QSdY_^! \QdSXY^W!]USXQ^Yc]!)
ceVVYh!yJv!)!d_!dXU!cgYdSX!di`U*

KXU!SQ])_`UbQdUT!cgYdSXUc!C/1,)C.,,,!QbU!S_^dY^e_ec!SebbU^d! bQdUT
V_b! _VV)\_QT! cgYdSXY^W*! KXUi! ]Qi! RU! ecUT! d_! cgYdSX! bUcYcdYfU! _b! \_g
Y^TeSdYfU!\_QTc*

DXNLRJT!4WV[JL[!D`Z[NUZ

;80+;80)- ;8<--+;8<-.

@YWX! S_^dQSd! bU\YQRY\Ydi! Ri! ]e\dY`\U
Sb_cc)`_Y^d! S_^dQSdc(! U\USdb_^YS! S_])
`QdYR\U(!;80!gYdX!-!q Q^T!;80)-!gYdX
/1!q W_\T!`\QdY^W*

@)RbYTWU! gYdX! ySb_cc)gYbUv! S_^dQSd
cicdU](!XYWX!S_^dQSd!bU\YQRY\Ydi!Q\c_!Qd
\_gUb!f_\dQWUc*!;8<--!gYdX!W_\T)`\QdUT
S_^dQSdc(!;8<-.!gYdX!cY\fUb!S_^dQSd*

8R_fU! Y\\ecdbQdUc! dXU! cdQ^TQbT! dUb]Y^Q\
`_cYdY_^c*

= D^R[LQNZ

4!D^R[LQNZ

42 JVM!425!D^R[LQNZ

4= D^R[LQNZ

E`XN

;80(!;80)-
;C0
;8-,);8.1
;8-,J);8.1J
;8<--(!;8<-.
;C-,
;8-,9);8.19
;.2(!;/.(!;0.!
;.2J(!;/.J(!;0.J
;0/(!;4,(!;-.1
;/-1
C/1,+1-(!C2/,+/-(
C-,,,+,-(!C-.1,+1-
C0,,(!C2,,(!C4,,(
C-.,,(!C-2,,(!C.,,,

J,,
J,,
J,
J,
J,
J,
J-
J-
J-
J.
J/
J.

J/

5
4
-.

_^!bUaeUcd
-.
-,
-.
-.

_^!bUaeUcd
-.
-.
-.

-.

/,o(!01o(!2,o(!5,o
/,o(!01o(!2,o(!5,o
/,o(!01o(!2,o(!5,o

2,o
/,o(!01o(!2,o(!5,o
/,o(!01o(!2,o(!5,o
/,o(!01o(!2,o(!5,o

.,o(!/,o(!01o(!2,o(!5,o
2,o

.,o(!/,o(!01o(!2,o(!5,o

.,o(!/,o(!01o(!2,o(!5,o
/,o(!01o(!2,o(!5,o

/,o(!01o(!2,o(!5,o

DRaN AWZZRKTN! D^R[LQRVP
2VPTNZ

>J_%!?W%!WO
D[JPNZ
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/

?WURVJT!CJ[RVPZ

-MQ\YT!V_b!\Y^Uc!gYdX!Wb_e^TUT!S_]]_^!^UedbQ\!dUb]Y^QdY_^(!_fUbf_\dQWU!SQdUW_bi!AAA(!`_\\edY_^!TUWbUU!/*!MQ\eUc!V_b!_dXUb!ce``\i!cicdU]c
_^!bUaeUcd*!.8]RYU^d!dU]`UbQdebU!/1!o;!]Qh*!/8TTYdY_^Q\!cgYdSX!Ve^SdY_^c!_^!bUaeUcd*

D''

D'

D(

D)

D*

A^ce\QdY_^

M_\dQWU-

L
Y

G

00,
00,
00,

25,
25,
25,
25,
2,,
2,,
25,

25,
25,
25,
25,
25,
25,
25,

25,
25,
25,
25,
25,
25,
25,
25,
25,
25,
25,

25,
-,,,
25,
25,
25,
25,
25,
25,

KXUb]Q\

;ebbU^d

A
e
+A

dX

2

-,
-,
-,

.,

.,

.1
/.
2
2
.,

.,

.,

.1
/.
/.
1,
2/

2/
--1
-1,
/1,
/1,
2/,.

2/,.

-,,,.

-,,,.

-.1,.

-.1,.

/-1
/-1
1,,
4,,.

--,,.

-01,.

-5,,.

.0,,.

D_d_b!IQdY^W

/!h!/4,!M)00,!M

8;)./ 8;)/
SH SH

/ .(.
/ .(.
/ .(.

3(1 1(1
3(1 1(1
-- 3(1
-1 --
) )
) )
3(1 1(1

3(1 1(1
3(1 1(1
-- 3(1
-1 --
-1 --
.. -1
/, -4(1

/, -4(1
01 /,
31 /3
5, /3
5, /3
5, /3
5, /3
5, /3
5, /3
5, /3
5, /3

-/. 11
-/. 11
-/. 11
-/. 11
-/. 11
-/. 11
-/. 11
-/. 11

!!!44
/*02zca

!!!20
.*1.zca

!!!04
-*45zca

!!!-/,

1*-.zca

D^R[LQ!DRaN E`XN

42+
42+$(
4=+

42('
42((
42)'
42),
425((
425()
4=('

42('3
42((3
42)'3
42),3
4)-
4*)
4+)

4+*
4/'
4(),
=*,'
=*,(
=-*'
=-*(
=('''
=(''(
=(),'
=(),(

4*(,
4*(-*

=+''
=-''
=/''
=()''
=(-''
=)'''

8SS_bTY^W!d_!A=;!2,503)/+M<=!,22,!`Qbd!-,3

>_b!VebdXUb!dUSX^YSQ\!TUdQY\c(!bUVUb!d_!`QWUc!0,)0/*
K_!Veb^YcX!gYdX!W_\T!S_^dQSdc!Q^T!aeYS[!S_^^USdc!cUU!`QWU!0*

!!!/,

-*-4zca
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0
-KUSX^YSQ\!TQdQ!_^!bUaeUcd*

9W^![W!WYMNY
<YcS_^^USd_bc!Q^T!DQY^!JgYdSXUc!QSS_bTY^W!d_!A=;!2,503)/!cUU!;QdQ\_W!1,,

KXbUU!di`Uc!_V!TQdQ!$cX_g^!RU\_g%!QbU!bUaeYbUT!V_b!_bTUbY^W!9\eU!CY^U!SQ])_`UbQdUT!cgYdSXUc*!;_TU!^e]RUbc!V_b!_bTUbY^W!QbU
cX_g^!Y^!dXYc!SQdQ\_W*

(%!E`XN!WO!D^R[LQ

KXU! di`U! _V! cgYdSX! bUaeYbUT! ]Qi! RU
UQcY\i!cU\USdUT!Ri!bUVUbbY^W!d_!dXU!dQR\U
_^! `QWU! /! gXYSX! cX_gc! dXU! dXUb]Q\
SebbU^d(! `_gUb! bQdY^W! Q^T! TY]U^cY_^c
_V! UQSX! cgYdSX*! >_b! VebdXUb! dUSX^YSQ\
TUdQY\c(!bUVUb!d_!`QWUc!0,)0/*!MQbYQdY_^c
_V! S_^dQSdc! Q^T! dUb]Y^Q\c! QbU! cX_g^
RU\_g*

)%!D^R[LQ!7\VL[RWV

KXU!S_TU!^e]RUbc!V_b!cdQ^TQbT!cgYdSXUc
cX_g^!_^!̀ QWUc!2).4!Ŷ TYSQdU!dXU!cgYdSX
Ve^SdY_^(!UcSedSXU_^!`\QdU(!XQ^T\U!Q^T
Q^i!_`dY_^Q\!UhdbQc*

8TTYdY_^Q\! S_TY^W! d_! ]_TYVi! di`U! Q^T
S_\_b!_V!XQ^T\U!Q^T!UcSedSXU_^!`\QdU!Yc
Uh`\QY^UT!RU\_g*

*%!E`XN!WO!>W\V[RVP

Ki`Uc!_V!]_e^dY^W!QbU!cX_g^!_^!`QWUc
.5)/1*!;QdQ\_W!('( TUcSbYRUc!U^S\_cebUc
Q^T!_`dY_^Q\!UhdbQc*

J`USYVi! dXU! ]_e^dY^W! S_TU! d_! Y^TYSQdU
bUaeYbUT!]_e^dY^W*

42(' 2)')$-'' G6

>WMRORLJ[RWV!WO!D^R[LQNZ

KXU!`Qbd!^e]RUb!V_b!cgYdSX!Ve^SdY_^!Q^T!_`dY_^c!]Qi!RU!]_TYVYUT!Y^!SQcUc!gXUbU!YdU]c!QbU!bUaeYbUT!_dXUb!dXQ^!cdQ^TQbT*!KXU
]_TYVYSQdY_^!]Qi!Y^f_\fU!dXU!UcSedSXU_^!`\QdU!Y^cSbY`dY_^(!S_\_b!S_]RY^QdY_^!_V!UcSedSXU_^!`\QdU!Q^T!XQ^T\U(!di`U!_V!UcSedSXU_^
`\QdU!Q^T!XQ^T\U!_b!dXU!_`dY_^Q\!UhdbQ*

JgYdSX!JYjU

J,(!J-(!J.(!J/

J,(!J-(!J.(!J/

J,,(!J,(!J-(!J.(!J/

J,,(!J,(!J-(!J.(!J/

<QcX
Ee]RUb

)-,,

)1,,

)2,,

)3,,

=cSedSXU_^
G\QdU!>bQ]U

U\USdb_)WbQi

U\USdb_)WbQi

R\QS[

R\QS[

@Q^T\U

U\USdb_)WbQi

U\USdb_)WbQi

R\QS[

R\QS[

=cSedSXU_^
G\QdU!9QS[Y^W

RbecXUT!Q\e

R\QS[

RbecXUT!Q\e

R\QS[

=cSedSXU_^
G\QdU!CUddUbY^W

R\QS[

]Qd!cY\fUb

R\QS[

]Qd!cY\fUb

E`XN!WO!D^R[LQ

=hdU^TY^W!dXU!cgYdSX!di`U!S_TY^W!dXU!V_\\_gY^W!S_]RY^QdY_^c!gY\\!TUVY^U6

2UNVMUNV[ 5NORVR[RWV 7WY!Z^R[LQ![`XNZ

)- gYdX!W_\T!S_^dQSdc- ;8-,(!;8--(!;8-,9(!;8--9
)0 gYdX!aeYS[!S_^^USdc ;80
9 J,!cgYdSXUc!gYdX!\QdSXY^W!]USXQ^Yc]!cYjU!J- ;8-,(!;8--(!;8.,(!;8.1(!;8<-.
; J-!cgYdSXUc!gYdX!\QdSXY^W!]USXQ^Yc]!cYjU!J. ;.2(!;/.
C gYdX!\_S[_ed)bU\Qi!g+_!]Q^eQ\!bU\UQcU!V_b!cdT*!cg* ;8-,(!;.2(!;/.(!;0.
D gYdX!\_S[_ed)bU\Qi!gYdX!]Q^eQ\!bU\UQcU!V_b!cdT*!cg* ;8-,(!;.2(!;/.(!;0.
O gYdX!`_gUb!VQY\ebU!bU\UQcU ;8-,(!;8--(!;8.,(!;8.1(!;8<-.(!;.2(

;/.(!;0.
P gYdX!`_gUb!VQY\ebU!bU\UQcU!Q^T!dbY`)VbUU!bU\UQcU ;8-,(!;8--(!;8.,
J gYdX!c^Q`!QSdY_^ ;8-,(!;8--(!;8.,(!;8.1(!;.2(!;/.(

;0.!gYdX!2,o cgYdSXY^W
I gYdX!c`bY^W!bUdeb^!\QdSXY^W!]USXQ^Yc] ;8-,

6_JUXTN1 ;_TY^W!V_b!cgYdSX!di`U!42(' gYdX!W_\T!S_^dQSdc!Yc!42('$(*
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1

9W^![W!WYMNY

6_JUXTN1 KXU!S_]`\UdU!S_TY^W!V_b!cgYdSX!di`U!;8-,!gYdX!Q!/!`_\U!FE+F>>!cgYdSX!Ve^SdY_^!gYdX!U\USdb_)WbQi!UcSedSXU_^!`\QdU
VbQ]U(!caeQbU!UcSedSXU_^!`\QdU!gYdX_ed!\UddUbY^W(!RbecXUT!Q\e]Y^e]!`\QdU!RQS[Y^W!Q^T!U\USdb_)WbQi!XQ^T\U!bUQTc!Qc!V_\\_gc6!!
42('!2)')$('*!6*

9JVMTNZ#!6ZL\[LQNWV!ATJ[NZ!JVM!@X[RWVJT!6_[YJZ

KXU!XQ^T\Uc!V_b!cdQ^TQbT!cgYdSXUc!cX_g^!_^!`QWUc!2).4!QbU!ceYdQR\U!V_b!]_e^dY^W!e^Ydc!gYdX!V_eb!X_\U!]_e^dY^W*!8\dUb^QdYfU
di`Uc!_V!XQ^T\Uc!QfQY\QR\U!QbU!Y\\ecdbQdUT!_^!`QWUc!.5)/1*
NXU^!Q!XQ^T\U(!UcSedSXU_^!`\QdU!_b!_`dY_^Q\!UhdbQ!Yc!bUaeYbUT!Red!^_d!S_fUbUT!Ri!dXU!TQcX!^e]RUb(!dXU!S_TU!^e]RUb!V_b!dXU
cU\USdUT!S_]`_^U^d!cX_e\T!RU!U^dUbUT!cU`QbQdU\i*!8 S_]`bUXU^cYfU!bQ^WU!_V!QfQY\QR\U!cdQ^TQbT!UcSedSXU_^!`\QdUc!Yc!Y\\ecdbQdUT
_^!`QWUc!/2!Q^T!/3*!E_^)cdQ^TQbT!_b!c`USYQ\!UcSedSXU_^!`\QdU!U^WbQfY^Wc!QbU!QfQY\QR\U!Qd!UhdbQ!S_cd*
KXU!\QbWU!^e]RUb!_V!_`dY_^Q\!UhdbQc!Q^T!U^S\_cebUc!Yc!S_fUbUT!Y^!;QdQ\_W!('(*

D^R[LQ!DRaN

9\eU!CY^U!cgYdSXUc!QbU!QfQY\QR\U!Y^!cYjUc!J,,(!J,(!J-(!J.!Q^T!J/*!KXUcU!cYjU!S_TUc!Y^TYSQdU!dXU!TY]U^cY_^c!_V!dXU!]_e^dY^W(!dXU
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Read and Understand This Catalog

Please read and understand this catalog before purchasing the products. Please consult your OMRON representative if you have any questions or
comments.

Warranty and Limitations of Liability

WARRANTY
OMRON's exclusive warranty is that the products are free from defects in materials and workmanship for a period of one year (or other period if specified)
from date of sale by OMRON.

OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, REGARDING NON-INFRINGEMENT, MERCHANTABILITY, OR
FITNESS FOR PARTICULAR PURPOSE OF THE PRODUCTS. ANY BUYER OR USER ACKNOWLEDGES THAT THE BUYER OR USER ALONE HAS
DETERMINED THAT THE PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE. OMRON DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED.

LIMITATIONS OF LIABILITY
OMRON SHALL NOT BE RESPONSIBLE FOR SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES, LOSS OF PROFITS OR COMMERCIAL LOSS
IN ANY WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS BASED ON CONTRACT, WARRANTY, NEGLIGENCE, OR STRICT
LIABILITY.

In no event shall the responsibility of OMRON for any act exceed the individual price of the product on which liability is asserted.

IN NO EVENT SHALL OMRON BE RESPONSIBLE FOR WARRANTY, REPAIR, OR OTHER CLAIMS REGARDING THE PRODUCTS UNLESS
OMRON'S ANALYSIS CONFIRMS THAT THE PRODUCTS WERE PROPERLY HANDLED, STORED, INSTALLED, AND MAINTAINED AND NOT
SUBJECT TO CONTAMINATION, ABUSE, MISUSE, OR INAPPROPRIATE MODIFICATION OR REPAIR.

Application Considerations

SUITABILITY FOR USE
OMRON shall not be responsible for conformity with any standards, codes, or regulations that apply to the combination of products in the customer's
application or use of the products.

At the customer's request, OMRON will provide applicable third party certification documents identifying ratings and limitations of use that apply to the
products. This information by itself is not sufficient for a complete determination of the suitability of the products in combination with the end product,
machine, system, or other application or use.

The following are some examples of applications for which particular attention must be given. This is not intended to be an exhaustive list of all possible
uses of the products, nor is it intended to imply that the uses listed may be suitable for the products:

· Outdoor use, uses involving potential chemical contamination or electrical interference, or conditions or uses not described in this catalog.

· Nuclear energy control systems, combustion systems, railroad systems, aviation systems, medical equipment, amusement machines, vehicles,
safety equipment, and installations subject to separate industry or government regulations.

· Systems, machines, and equipment that could present a risk to life or property.

Please know and observe all prohibitions of use applicable to the products.

NEVER USE THE PRODUCTS FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR PROPERTY WITHOUT ENSURING THAT THE
SYSTEM AS A WHOLE HAS BEEN DESIGNED TO ADDRESS THE RISKS, AND THAT THE OMRON PRODUCTS ARE PROPERLY RATED AND
INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL EQUIPMENT OR SYSTEM.

PROGRAMMABLE PRODUCTS

OMRON shall not be responsible for the user's programming of a programmable product, or any consequence thereof.

Disclaimers

CHANGE IN SPECIFICATIONS
Product specifications and accessories may be changed at any time based on improvements and other reasons.

It is our practice to change model numbers when published ratings or features are changed, or when significant construction changes are made.
However, some specifications of the products may be changed without any notice. When in doubt, special model numbers may be assigned to fix or
establish key specifications for your application on your request. Please consult with your OMRON representative at any time to confirm actual
specifications of purchased products.

DIMENSIONS AND WEIGHTS

Dimensions and weights are nominal and are not to be used for manufacturing purposes, even when tolerances are shown.

PERFORMANCE DATA
Performance data given in this catalog is provided as a guide for the user in determining suitability and does not constitute a warranty. It may represent the
result of OMRON’s test conditions, and the users must correlate it to actual application requirements. Actual performance is subject to the OMRON
Warranty and Limitations of Liability.

ERRORS AND OMISSIONS
The information in this document has been carefully checked and is believed to be accurate; however, no responsibility is assumed for clerical,
typographical, or proofreading errors, or omissions.

2008.11
In the interest of product improvement, specifications are subject to change without notice.

OMRON Corporation
Industrial Automation Company

http://www.ia.omron.com/
(c)Copyright OMRON Corporation 2008 All Right Reserved.

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 1023 of 1072



16

56 Series Surface Switches are 
available from 250V, 10A to 500V 63A. They 
incorporate a positive, rotary switch action. 
‘ON’ and ‘OFF’ positions are clearly marked 
and there is provision for two padlocks. Hole 
diameter is 8mm.

If locking is required in the ‘ON’ position, 
simply drill a hole where necessary. 

To provide easier wiring of our 56 Series 
Three Pole 63A Switch, a deeper two gang 
enclosure and centrally mounted option (Cat. 
No. 56SW363/2), allows additional room for 
wiring associated with this application.

Earth and neutral connectors 
accommodating 3 x 6mm2 cables are 
supplied with all products above 20A. 
Options available
• With Neon - add N to Catalogue No.   

e.g. 56SW320 becomes 56SW320N.
• Less Enclosure - add LE to   

Catalogue Number e.g. 56SW320   
becomes 56SW320LE.

• Resistant Orange - add RO to   
Catalogue Number e.g. 56SW320   
becomes 56SW320RO.

• Resistant White - add RW to 
Catalogue Number e.g. 56SW320 
becomes 56SW320RW.

• Chemical Grey - add CG to 
Catalogue Number e.g. 56SW320 
becomes 56SW320CG.

SURFACE SWITCHES

56SW120N

56SW320RO

Ithe -  Conventional Enclosed Thermal   
   Current
UI  -  Insulation Voltage
Ue -  Operational Voltage

 Catalogue No. of Ithe  Ui / Ue       Ie (A) Utilisation Category M          Conductor Terminal       IP O/A* Dims. 
 Number Switched (A) (V)    Rating             size in mm2  Rating (H) x (W) X (D) 

  Poles   AC21A AC22A AC23A  Min.  Max./cont.   
 56SW110 1 10 250 10 8 8 M80 1.5 6 66 107x101x80  
56SW110HD 1 10 250 10 10 10 M100 6 16 66 107x101x104
 56SW110/2~ 1 10 250 10 8 8 M80 1.5 6 66 107x101x80
 56SW115 1 15 250 15 8 8 M80 1.5 6 66 107x101x80  
56SW115HD 1 15 250 15 15 15 M100 6 16 66 107x101x104
 56SW115/2~ 1 15 250 15 8 8 M80 1.5 6 66 107x101x80  
56SW110/I~ 1 10 250 10 8 8 M80 1.5 6 66 107x101x80  
56SW120 1 20 250 20 20 20 M150 2.5 16 66 107x101x104 
 56SW132 1 32 250 32 32 28 M180 4 16 66 107x101x104 
 56SW150 1 50 250 50 50 25 M250 10 25 66 107x101x104
 56SW163 1 63 250 63 63 25 M250 16 25 66 107x101x104
 56SW220 2 20 500 20 20 20 M150 2.5 16 66 107x101x104
 56SW232 2 32 500 32 32 28 M180 4 16 66 107x101x104 
 56SW250 2 50 500 50 50 25 M220 10 25 66 107x101x104 
 56SW263 2 63 500 63 63 25 M220 16 25 66 107x101x104 
 56SW310 3 10 500 10 10 10 M100 1.5 16 66 107x101x104
 56SW320 3 20 500 20 20 20 M150 2.5 16 66 107x101x104 
 56SW332 3 32 500 32 32 28 M180 4 16 66 107x101x104 
 56SW350 3 50 500 50 50 25 M200 10 25 66 107x101x104 
 56SW363 3 63 500 63 63 25 M200 16 25 66 107x101x104 
 56SW363/2 3 63 500 63 63 25 M200 16 25 66 204x101x104
 56SW320C         2.5 16/2.5 66 107x101x104
 56SW332C         4 16/2.5 66 107x101x104 
 56SW350C         11 25/2.5 66 107x101x104 
 56SW420  4 20 440 20 20 20 - 2.5 6 66 107x101x104

Ie  -  Operational Current
Note: AC utilisation categories to AS/NZS3947.3.
* Refer rear of Catalogue for further details.

~ 56SW110/2 and 56SW115/2 
  -2 Way switch mechanisms
~ 56SW110/I -Intermediate switch mechanism

A S  5 6 S W 3 2 0  +  2 A  C H A N G E O V E R  A U X .  L A T E  M A K E  E A R L Y  B R E A K

A S  5 6 S W 3 3 2  +  2 A  C H A N G E O V E R  A U X .  L AT E  M A K E  E A R LY  B R E A K

A S  5 6 S W 3 5 0  +  2 A  C H A N G E O V E R  A U X .  L AT E  M A K E  E A R LY  B R E A K

For Fluorescent Loads use 56SW110HD OR 56SW115HD instead of 56SW110 or 56SW115.
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Safety Surface Switches 
Clipsal's new safety range of isolating 

switches ensures isolators are highly 
visible by using a brightly coloured red 
switch knob and yellow plate.

The high visibility naturally reduces 
an individual's response time in the event 
of an emergency.

Simply add RY to Catalogue Number. 
e.g. 56SW120 becomes 56SW120RY.

Available in the following 
Catalogue Numbers:
56SW120
56SW132
56SW320
56SW332
56SW350
56SW363

Refer to previous page for technical 
information.

56SW120N

250V Single and Twin 
2 Way Switches with 
sliding switch dollies

Options available
• Less enclosure - add LE to   

Catalogue Number e.g. 56SSW10  
becomes 56SSW10LE.

• Resistant Orange - add RO to   
Catalogue Number e.g. 56SSW10   
becomes 56SSW10RO.

56SSW10

 

 Catalogue Description Number of Ithe Ui/Ue M         Conductor Terminal IP O/A* Dims.
 Number  Switches (A) (V) Rating  size in mm2 Rating (H) x (W) x (D)
   per Module    Min.  Max.  
 
 56SSW10 Single sliding switch 1 10 250     M80 1.5 6 56 107x101x68
 56SSW15 Single sliding switch 1 15 250 M80 1.5 6 56 107x101x68
 56SSW10/I Intermediate sliding switch 1 10 250 M100 1.5 6 56 107x101x68
 56SSW2/10 Double sliding switch 2 10 250 M80 1.5 6 56 107x101x68
 56SSW2/15 Double sliding switch 2 15 250 M80 1.5 6 56 107x101x68

56 Series Single and Twin Sliding 
Switches are available in 10 and 15A 
ratings. A single intermediate switch is 
also available.

Ithe -  Conventional Enclosed Thermal   
   Current
UI  -  Insulated Voltage
Ue -  Operational Voltage

Note: AC utilisation categories to AS/NZS3947.3. 
* Refer rear of Catalogue for further details.
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AA

IS PRESSURE PLATE TYPE
CONDUCTOR TERMINATION

ARE NOT IDENTIFIED
SWITCH TERMINALS

BACKWIRED
SWITCH IS

C

L 1

56SW110

FRONT COMPLETEFRONT MOUNTING ENCLOSURE

56SW110/2

CUT-OUTS

REAR MECHANISMS REAR MECHANISMS

SIDE COMPLETE

2 x M20
CONDUIT
ENTRIES

1 x M20/25

50

40 18

REAR MECHANISMS

1 x M25
CONDUIT
ENTRY

10174

45

80

38

18

107101

40

5555

74

FRONT MOUNTING ENCLOSURE

56SW110HD

4570

REAR MECHANISMS

56SW220

1 x M25/32
CUT-OUT

50

56SW320

101

REAR MECHANISMS

SIDE COMPLETE

104 ENTRIES
CONDUIT
2 x M25

63

ENTRY
CONDUIT
1 x M25

REAR MECHANISMS

FRONT COMPLETE

101

107

30

C

L

1

3

4

12 2

56SW115 56SW115/2
56SW110/I

31

10

SWITCH IS 

1 C

2

1

C
2

1

4

3

30 SERIES MECH

L3 L3

L2L2

L1L1

56SW120
56SW115HD

L1L1

L2L2

56SW310
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AA

IS PRESSURE PLATE TYPE
CONDUCTOR TERMINATION

ARE NOT IDENTIFIED
SWITCH TERMINALS

BACKWIRED
SWITCH IS

40

5555

74

FRONT MOUNTING ENCLOSURE

56SW132

4570

REAR MECHANISMS

56SW232

1 x M25/32
CUT-OUT

50

56SW332

101

REAR MECHANISMS

SIDE COMPLETE

104 ENTRIES
CONDUIT
2 x M25

63

ENTRY
CONDUIT
1 x M32

REAR MECHANISMS

FRONT COMPLETE

101

107

22

31

22

FRONT MOUNTING ENCLOSURE

70 45

40

5555

74

50

CUT-OUT
1 x M25/32

101

SIDE COMPLETE

104

ENTRIES

2 x M25
CONDUIT

63

CONDUIT
ENTRY

1 x M32

107

FRONT COMPLETE

101

56SW250

A A

56SW150

REAR MECHANISMS

56SW350
56SW363

SWITCH TERMINALS
ARE NOT IDENTIFIED

CONDUCTOR TERMINATION
IS PLAIN SCREW TYPE

SWITCH IS
BACKWIRED

REAR MECHANISMS REAR MECHANISMS

21

30

L2 L2

L1L1

56SW26356SW163
L3 L3

L2L2

L1L1

30

L3 L3

L2L2

L1L1

L2

L1L1

L2
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GST – NOT INCLUDED PRICES SUBJECT TO CHANGE WITHOUT NOTICE  PAGE 12  

TRADE PRICE LIST 2009 – 2010 

 Buzzers  -   IP44         SCHEDULE 1 
 

Part No. Type Dia. dB Price 
BZ22R12AC/DC Flashing-Red 22mm  80 $26.62 
BZ22R24AC/DC Flashing-Red 22mm  80 $26.62 
BZ22R240 Flashing-Red 22mm  80 $26.62 
BZ30DC24 Flush 30mm  75 $53.24 
BZ30AC24 Flush 30mm  75 $53.24 
BZ30AC110 Flush 30mm  75 $53.24 
BZ30AC240 Flush 30mm  75 $53.24 
BZ80DC24 Flush 80mm  85 $53.24 
BZ80AC24 Flush 80mm  85 $53.24 
BZ80AC240 Flush 80mm  85 $53.24 
BZ82AC12 Surface 82mm  85 $53.24 
BZ82DC12 Surface 82mm  85 $53.24 
BZ82DC24 Surface 82mm  85 $53.24 
BZ82AC24 Surface 82mm  85 $53.24 
BZ82AC240 Surface 82mm  85 $53.24 
 

Sirens & Hooters -   IP44       SCHEDULE 1 
 

SCZDC24 Siren 100mm 105 $63.89 
TCZAC230 Siren   75mm 105 $90.51 
TSDAC220 Siren 123mm 120 $181.50 
TCZDC24 Hooter 135mm 105 $150.40 
TCZAC240 Hooter 135mm 105 $150.40 
 

 

Earth & Neutral Bars – 165 Amp & 250 Amp SCHEDULE 1 
 

•••• Earth Links = 2 Main Screws for – 2 Screws per Tunnel for 16mm Cable.  
 

 

  

 165 Amp  Bars  250 Amp  Bars 
No. of Holes Part No. Price  Part No. Price 
6 165E6 $8.53    
12 165E12 $10.45    
18 165E18 $13.43    
24 165E24 $18.76  250E24 $23.10 
30 165E30 $23.69    
36 165E36 $28.88  250E36 $34.65 
42 165E42 $30.94    
48 165E48 $33.00  250E48 $39.60 
54 165E54 $42.49    
60 165E60 $45.38  250E60 $54.45 
72 165E72 $50.88  250E72 $61.05 
80 165E80 $54.18    
84 165E84 $54.18  250E84 $65.01 
96 165E96 $75.35  250E96 $90.42 
108 165E108 $96.25    

Mounting Feet   Price Each 
   

E/NFEET  $1.42    

Siren Hooter 
 

 
 

 

  

BZ22 

 

BZ30 

 

BZ80 

 

BZ82 

EEEEEEEERRRRRRRROOOOOOOODDDDDDDD        

EEEEEEEERRRRRRRROOOOOOOODDDDDDDD        

250E24 

165E24 
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GST – NOT INCLUDED PRICES SUBJECT TO CHANGE WITHOUT NOTICE  PAGE 13  

TRADE PRICE LIST 2009 – 2010 

 
 
 
             SCHEDULE 1 
 

Earth Links 90/140 Amp  T Active/Neutral Enclosed Bars 135A 
No. of Holes Part No. Price   Part No. Price 
6 90E6 $7.70  Black 135A4TB $14.63 
12 90E12 $13.65  Red 135A4TR $14.63 
18 90E18 $19.36    
24 90E24 $23.23    
36 90E36 $30.49    
       
 

Enclosed Active & Neutral Bars 100 Amp  SCHEDULE 1 

•••• Clear Cover 
 

 

Enclosed Active & Neutral Heavy Duty Bars SCHEDULE 1 
 
 

165Amp  
 Red Active Black Neutral  

Holes Part No. Price Part No. Price Terminals 
7 165R7 $41.62 165B7 $41.62 2 x 50mm 1 x 35mm 2 x 25mm 2 x 16mm 
13 165R13 $54.64 165B13 $54.64 2 x 50mm 9 x 25mm 2 x 16mm  

350Amp  
 Red Active Black Neutral  

Holes Part No. Price Part No. Price Terminals 
7 350R7 $49.70 350B7 $49.70 2 x 120mm 2 x 50mm 2 x 35mm 1 x 16mm 
13 350R13 $62.00 350B13 $62.00 2 x 120mm 1 x 35mm 8 x 16mm 2 x 10mm 

 
 
 

Active, Earth & Neutral Links  – 200, 400, 600 & 800Amps   SCHEDULE 1 
 

� Main Stud for Incoming  •••• Two Holes for Direct or Bus Bar Mounting 
� Main Stud for Bridging  •••• Multip le Size Outgoing Studs Numbered 
 

 200 Amp 400 Amp 600 Amp 800 Amp 
No.  of 
Studs 

Part No. Price Part No. Price Part No. Price Part No. Price 

2  -  4 200E4 $117.37       
2  -  6 200E6 $122.21 400E6 $145.20 600E6 $197.23 800E6 $268.62 
2  -  8 200E8 $127.05 400E8 $187.55 600E8 $256.52   
2  -  14   400E14 $248.05 600E14 $262.57 800E14 $387.20 
2  -  26   400E26 $379.94   800E26 $525.14 
2  -  35   400E35 $499.73     
 
 

Mounting Feet  -  Fits all sizes up to 165 Amp Part No. Price 
Each 

(For Active and Neutral Supports, use Stand off Insulators 
BBLV and NBB Series) 

E/NFEET $1.42 

Holes Part Number Price Terminals 
5 100A5C $13.31 2 x 16mm 3 x 10mm 
7 100A7C $14.64 3 x 16mm 4 x 10mm 
9 100A9C $20.10 3 x 16mm 6 x 10mm 
12 100A12C $22.99 2 x 25mm 10 x 10mm 
13 100A13C $23.69 2 x 25mm 11 x 10mm 

EEEEEEEERRRRRRRROOOOOOOODDDDDDDD        

Enclosed “T” Bar 
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Clipsal Links are produced 
from Impact Resistant materials to 
prevent cracking in transit or during 
installation.

The transparent covers enable 
you to check wiring and locate the 
sealing screw at a glance. The 
sealing screw (nylon with brass 
insert) resists stripping. Voltage and 
amperage ratings are clearly marked 
on both the cover and brass bar.

All links are available with black 
or red covers and bases for neutral, 
active or meter applications as 
required by local authorities.

T-Type - 500 Volt 140 
Ampere

L4T35
500V 140A 4 Hole Neutral Link with 
two screws per tunnel. Black base 
and cover.

L4T35R
500V 140A 4 Hole Active Link. Red 
base and cover. 

Dimensions: 65 x 46 x 43mm. 
Mounting centres: 28mm. 1 tunnel 
8.7mm diameter accommodate 
1 x 25mm2 cable. 
3 tunnels 7.7mm diameter 
accommodate 1 x 25mm2 cable. 
Certificate of Suitability No. CS2252N.

L4T35R

L7

Mini Links with Cover

500V 100A
2 screws per tunnel.

L5
500V 100A 5 Hole Neutral Link with 
two screws per tunnel. Black base 
and cover.

L5R
500V 100A 5 Hole Active Link. Red 
base and cover. 

Dimensions: 65 x 46 x 43mm. 
Mounting centres: 46mm. 
3 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2. 
2 tunnels, 5.8mm diameter 
accommodate 1 x 16mm2. 

L5BW
500V 110A 5 Hole Back Wiring 
Neutral Link with two screws per 
tunnel. Black base and cover.

L5BWR
500V 110A 5 Hole Back Wiring 
Active Link. Red base and cover. 

Dimensions: 65 x 46 x 43mm.
Mounting centres: 46mm. 
5 tunnels, 7mm diameter 
accommodate 1 x 25mm2. 
Transparent black cover, with 
cut outs.

L6
500V 100A 6 Hole Neutral Link with 
two screws per tunnel. Black base 
and cover.

L6R
500V 100A 6 Hole Active Link. Red 
base and cover. 

Dimensions: 65 x 46 x 43mm. 
Mounting centres: 46mm. 
3 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
3 tunnels, 5.8mm diameter 
accommodate 1 x 16mm2 cable.

L6/25
500V 110A 6 Hole Neutral Link with 
2 screws per tunnel. Black base and 
cover.

L6/25R
500V 110A 6 Hole Active Link. Red 
base and cover. 

Dimensions: 65 x 46 x 43mm. 
Mounting centres: 46mm. 
2 tunnels, 7.5mm diameter 
accommodate 2 x 25mm2  cable. 
1 tunnel, 5.5mm diameter 
accommodates 1 x 16mm2 cable. 
3 tunnels, 4.7mm diameter 
accommodate 3 x 10mm2 cable. 
Transparent black cover with 
cut-outs.

L7
500V 100A 7 Hole Neutral Link with 
two screws per tunnel. Black base 
and cover.
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L7R
500V 100A 7 Hole Active Link. 
Red base and cover. 

Dimensions: 65 x 46 x 43mm.
Mounting centres: 46mm. 
3 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
4 tunnels, 5.8mm diameter 
accommodate 1 x 16mm2 cable. 

L7BW 
500V 100A 7 Hole Back Wiring 
Neutral Link with two screws per 
tunnel. Black base and cover.

L7BWR
500V 100A 7 Hole Active Link. 
Red base and cover. 

Dimensions: 65 x 46 x 43mm.
Mounting centres: 46mm. 
2 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cables. 
5 tunnels, 5.8mm diameter 
accommodate 1 x 16mm2 cables. 
Transparent black cover, with cut-outs.

L8
500V 100A 8 Hole Neutral Link with 
two screws per tunnel. 
Black base and cover. 

Dimensions: 86 x 57 x 40mm. 
Mounting centres: 59 x 67mm. 
3 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
5 tunnels, 5.8mm diameter 
accommodate 1 x 16mm2 cable. 
Transparent black cover with cut-outs. 

L10
500V 100A 10 Hole Neutral Link with 
two screws per tunnel. 

3 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
7 tunnels, 5.8mm diameter 
accommodate 1 x 16mm2 cable. 
Dimensions: 86 x 57 x 40mm. 

L10BW
500V 100A 10 Hole Back Wiring 
Neutral Link with two screws per 
tunnel. 

Dimensions: 86 x 57 x 40mm. 

L12
500V 100A 12 Hole Neutral Link with 
two screws per tunnel. 

2 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
4 tunnels, 5.5mm diameter 
accommodate 1 x 16mm2 cable. 
6 tunnels, 4.5mm diameter 
accommodate 1 x 10mm2 cable. 
Dimensions: 86 x 57 x 40mm. 

L14
500V 100A 14 Hole Neutral Link 
with two screws in 8 tunnels and one 
screw in 6 tunnels. 

2 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
6 tunnels, 5.5mm diameter 
accommodate 1 x 16mm2 cable. 
6 tunnels, 4.5mm diameter 
accommodate 1 x 16mm2 cable. 
Dimensions: 86 x 57 x 40mm. 

L16
500V 100A 16 Hole Neutral Link 
with two screws in 6 tunnels and one 
screw in 10 tunnels. 

2 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
4 tunnels, 5.5mm diameter 
accommodate 1 x 16mm2 cable. 
10 tunnels, 4.5mm diameter 
accommodate 1 x 10mm2 cable. 
Dimensions: 86 x 57 x 40mm. 

L18
500V 100A 18 Hole Neutral Link 
with two screws in 6 tunnels and one 
screw in 12 tunnels. 

2 tunnels, 6.3mm diameter 
accommodate 1 x 16mm2 cable. 
4 tunnels, 5.5mm diameter 
accommodate 1 x 16mm2 cable. 
12 tunnels, 4.5mm diameter 
accommodate 1 x 10mm2 cable. 
Dimensions: 86 x 57 x 40mm. 

Tunnel Diameters

Catalogue                   6.3mm                    5.5mm                     4.5mm
Number                    for 16mm2              for 16mm2                          for 10mm2

                                     cable                      cable                       cable

L8                                      3                              5                               -
L10                                    3                              7                               -
L10BW                              2                              8                               -
L12                                    2                              4                              6
L14                                    2                              6                              6
L16                                    2                              4                             10
L18                                    2                              4                             12

Tunnel Diameters

Catalogue               4.7mm             6.3mm            5.7mm              7mm
Number                for 10mm2       for 16mm2      for 16mm2            for 25mm2

                                 cable               cable              cable               cable

L5                                  -                       3                      2                       -
L5BW                            -                       -                      -                      5
L6                                  -                       3                      3                       -
L6/25                            3                      -                      1                      2
L7                                  -                       3                      4                       -
L7BW                            -                       2                      5                       -

SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 1032 of 1072



SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 1033 of 1072



SP475 Meiers Road SPS Electrical Switchboard OM Manual - Volume 4 Switchboard Manual

Q-Pulse Id: TMS1575 Active: 03/02/2016 Page 1034 of 1072



FBS ...

330 PHOENIX CONTACT

Ð´«¹ó·² ¾®·¼¹» ÚÞÍ òòò

Ì¸» ³±¼«´¿® ¬»®³·²¿´ ¾´±½µ §¬»³ ó ÝÔ×ÐÔ×ÒÛ ½±³°´»¬»
ß½½»±®·» ±º ¬¸» ÝÔ×ÐÔ×ÒÛ ½±³°´»¬» §¬»³

Ì± ¿´´±© ·²¼·ª·¼«¿´ °±¬»²¬·¿´ ¼·¬®·¾«¬·±²ô
¬¸» ¬»®³·²¿´ ¾´±½µ ±º ¬¸» ÝÔ×ÐÔ×ÒÛ
½±³°´»¬» §¬»³ ¸¿ª» ¬©± ¾®·¼¹» ¸¿º¬ò
Ì¸» î ¬± ëð °±ò ¾®·¼¹» °»®³·¬ ¾®·¼¹·²¹ ±º
«° ¬± ëð ¬»®³·²¿´ ¾´±½µ ·² ±²» ¬»°ò

Ì¸» ´¿¬ °±·¬·±² ±º ¬¸» ¾®·¼¹» ¼»·¹²¿¬·±²
·²¼·½¿¬» ¬¸» ¼·³»²·±² ±º ¬¸» ¬»®³·²¿´
©·¼¬¸ò Ú±® »¨¿³°´»ô ¿ ÚÞÍ �óì ¾®·¼¹» ½¿²
¾» «»¼ ©·¬¸ ÝÔ×ÐÔ×ÒÛ ½±³°´»¬» ¬»®³·²¿´
¾´±½µ ©·¬¸ ¬¸» ¬»®³·²¿´ ©·¼¬¸ ±º ìòî ³³ô
¿²¼ ¿ ÚÞÍ �óê ¾®·¼¹» ½¿² ¾» «»¼ ©·¬¸
¬»®³·²¿´ ¾´±½µ ¸¿ª·²¹ ¿ ¬»®³·²¿´ ©·¼¬¸ ±º
êòî ³³ò

Ê»®¬·½¿´ °±¬»²¬·¿´ ¾®·¼¹»
Ð±¬»²¬·¿´ ¾®·¼¹» ¬± ½±²²»½¬ ¬¸» «°°»® ¿²¼

¬¸» ´±©»® ´»ª»´ ±º ¿ ¼±«¾´»ó´»ª»´ ¬»®³·²¿´
¾´±½µò Ì¸» ª»®¬·½¿´ ¾®·¼¹» ½¿² ¾» ¬¸»²
·³°´§ ½±²²»½¬»¼ ¬¸®±«¹¸ ¬¸» ¾®·¼¹» ¸¿º¬
±º ¬¸» «°°»® ´»ª»´ «° ¬± ¬¸» ´±©»® ´»ª»´ò Ì¸»
ª»®¬·½¿´ ¾®·¼¹» ÚÞÍóÐÊ ËÌ ½¿² ¾» «»¼ ©·¬¸
¬¸» ËÌÌÞ îôë ¿²¼ ËÌÌÞ ì ¿²¼ ¬¸» ÚÞÍóÐÊ
©·¬¸ ¬¸» ÍÌÌÞÍ îôëô Ð×ÌÌÞ îôëô Ð×ÌÌÞÍ îôë
¿²¼ ÍÌÌÞÍ ìò

Ò±¬»æ
×º ÚÞÍ òòò °´«¹ó·² ¾®·¼¹» ¿®» ¿»³¾´»¼ ¾§

¾®»¿µ·²¹ ±«¬ ¬¸» ½±²¬¿½¬ ¬¿¾ ±® ½«¬¬·²¹
¬¸»³ ¬± ´»²¹¬¸ô ¬¸»§ ¿®» ·²¬»²¼»¼ º±® «» ·²
¸±½µó°®±±º ½´±»¼ ¿°°´·½¿¬·±² ¿²¼ ¿®»
½´¿·º·»¼ ¿ ½¿¬»¹±®§ î º±® ¬¸» °±´´«¬·±²
¼»¹®»»ò Ì¸» ²±³·²¿´ ª±´¬¿¹» ±º ¬¸»
¿»³¾´»¼ ¾®·¼¹» · ìðð Êò

Ordering dataOrdering data

Description No. of pos. Type Order No.
Pcs. /
Pkt.

Plug-in bridge for cross connections in the bridge shaft

2 FBS 2-4 3030116 50

3 FBS 3-4 3030129 50

4 FBS 4-4 3030132 50

5 FBS 5-4 3030145 50

10 FBS 10-4 3030158 10

20 FBS 20-4 3030352 10

Plug-in bridge for cross connections in the bridge shaft

2 FBS 2-5 3030161 50

3 FBS 3-5 3030174 50

4 FBS 4-5 3030187 50

5 FBS 5-5 3030190 50

10 FBS 10-5 3030213 10

20 FBS 20-5 3030226 10

50 FBS 50-5 3038930 10

Plug-in bridge for cross connections in the bridge shaft

2 FBS 2-6 3030336 50

3 FBS 3-6 3030242 50

4 FBS 4-6 3030255 50

5 FBS 5-6 3030349 50

10 FBS 10-6 3030271 10

20 FBS 20-6 3030365 10

50 FBS 50-6 3032224 10

Plug-in bridge for cross connections in the bridge shaft

2 FBS 2-8 3030284 10

3 FBS 3-8 3030297 10

4 FBS 4-8 3030307 10

5 FBS 5-8 3030310 10

6 FBS 6-8 3032470 10

10 FBS 10-8 3030323 10

Plug-in bridge for cross connections in the bridge shaft

2 FBS 2-10 3005947 10

Plug-in bridge for cross connections in the bridge shaft

2 FBS 2-12 3005950 10

Plug-in bridge for cross connections in the bridge shaft

2 FBS 2-16 3005963 10

Preassembled bridge, labeled

3-pos., positions 1, 3 2 FBS 1/3-8 3032363 10

4-pos., positions 1, 4 2 FBS 1/4-8 3032376 10

5-pos., positions 1, 3, 5 3 FBS 1/3/5-8 3032389 10

10-pos. positions 1, 4, 7, 10 3 FBS 1/4/7/10-8 3032402 10

Vertical potential bridge, to connect the upper and lower level

Vertical potential bridge, to connect the upper and lower level

Courtesy of Steven Engineering, Inc.-230 Ryan Way, South San Francisco, CA 94080-6370
Main Office: (650) 588-9200-Outside Local Area: (800) 258-9200-www.stevenengineering.com
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331PHOENIX CONTACT

Ì¸» ³±¼«´¿® ¬»®³·²¿´ ¾´±½µ §¬»³ ó ÝÔ×ÐÔ×ÒÛ ½±³°´»¬»
ß½½»±®·» ±º ¬¸» ÝÔ×ÐÔ×ÒÛ ½±³°´»¬» §¬»³

Type Order No.
Pcs. /
Pkt.

Type Order No.
Pcs. /
Pkt.

Type Order No.
Pcs. /
Pkt.

FBS 2-5 BU 3036877 50 FBS 2-5 GY 3038969 50

FBS 3-5 BU 3036880 50 FBS 3-5 GY 3038972 50

FBS 4-5 BU 3036893 50 FBS 4-5 GY 3038985 50

FBS 5-5 BU 3036903 50 FBS 5-5 GY 3038998 50

FBS 10-5 BU 3036916 10 FBS 10-5 GY 3039007 10

FBS 20-5 BU 3036929 10 FBS 20-5 GY 3038671 10

FBS 50-5 BU 3032114 10 FBS 50-5 GY 3032127 10

FBS 2-6 BU 3036932 50 FBS 2-6 GY 3032237 50

FBS 3-6 BU 3036945 50 FBS 3-6 GY 3032240 50

FBS 4-6 BU 3036958 50 FBS 4-6 GY 3032279 50

FBS 5-6 BU 3036961 50 FBS 5-6 GY 3032266 50

FBS 10-6 BU 3032198 10 FBS 10-6 GY 3032253 10

FBS 20-6 BU 3032208 10

FBS 50-6 BU 3032211 10

FBS-PV UT 3047358 50

FBS-PV 3032185 50

Courtesy of Steven Engineering, Inc.-230 Ryan Way, South San Francisco, CA 94080-6370
Main Office: (650) 588-9200-Outside Local Area: (800) 258-9200-www.stevenengineering.com
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ß½½»±®·»

×¬»³ Ü»·¹²¿¬·±² Ü»½®·°¬·±²

ß»³¾´§

íðîîîïè ÝÔ×ÐÚ×È íë Í²¿°ó±² »²¼ ¾®¿½µ»¬ô º±® íë ³³ ÒÍ íëñéòë ±® ÒÍ íëñïë
³±«²¬·²¹ ®¿·´ô ½¿² ¾» º·¬¬»¼ ©·¬¸ Æ¿½µ ¬®·° ÆÞ è ¿²¼ ÆÞ èñîéô
¬»®³·²¿´ ¬®·° ³¿®µ»® ÕÔÓ î ¿²¼ ÕÔÓô ©·¼¬¸æ çòë ³³ô ½±´±®æ ¹®¿§

ïîðïììî ÛñËÕ Û²¼ ½´¿³°ô º±® «°°±®¬·²¹ ¬¸» »´»½¬®±²·½ ¾¿»ô ·º ³±«²¬»¼
ª»®¬·½¿´´§ô î »²¼ ½´¿³° ¿®» ®»¯«·®»¼ ·² »¿½¸ ½¿»

ïîðïððî ÒÍ íî ÙÛÔÑÝØÌ ÓÛÌÛÎ Ùó°®±º·´» Ü×Ò ®¿·´ô ³¿¬»®·¿´æ Í¬»»´ô °»®º±®¿¬»¼ô ¸»·¹¸¬ ïë ³³ô
©·¼¬¸ íî ³³ô ´»²¹¬¸ î ³
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©·¼¬¸ íî ³³ô ´»²¹¬¸ î ³

ïîðïðîè ÒÍ íîóßÔ ËÒÙÛÔÑÝØÌ
ÓÛÌÛÎ

Ù ®¿·´ íî ³³ øÒÍ íî÷

ïîðïíëè ÒÍ íîóÝËñ íë ÏÓÓ ËÒÙÛÔò
ÓÛÌÛÎ

Ùó°®±º·´» Ü×Ò ®¿·´ô ³¿¬»®·¿´æ Ý±°°»®ô «²°»®º±®¿¬»¼ô ¸»·¹¸¬ ïë ³³ô
©·¼¬¸ íî ³³ô ´»²¹¬¸ î ³

ïîðïîèð ÒÍ íîóÝËñïîð ÏÓÓ ËÒÙÛÔò
ÓÛÌÛÎ

Ùó°®±º·´» Ü×Ò ®¿·´ô ¼»»°ó¼®¿©²ô ³¿¬»®·¿´æ Ý±°°»®ô «²°»®º±®¿¬»¼ô
¸»·¹¸¬ ïë ³³ô ©·¼¬¸ íî ³³ô ´»²¹¬¸ î ³
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ïîðïéíð ÒÍ íëñïë ÙÛÔÑÝØÌ ÓÛÌÛÎ Ü×Ò ®¿·´ô ³¿¬»®·¿´æ Í¬»»´ô °»®º±®¿¬»¼ô ¸»·¹¸¬ ïë ³³ô ©·¼¬¸ íë ³³ô
´»²¹¬¸æ î ³

ïîðïéïì ÒÍ íëñïë ËÒÙÛÔÑÝØÌ
ÓÛÌÛÎ

Ü×Ò ®¿·´ô ³¿¬»®·¿´æ Í¬»»´ô «²°»®º±®¿¬»¼ô ¸»·¹¸¬ ïë ³³ô ©·¼¬¸ íë
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ïîðïéçè ÒÍ íëñïëóîôí ËÒÙÛÔÑÝØÌ
ÓÛÌÛÎ
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ÓÛÌÛÎ
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îééðîïë ÌÍóÕÕ í Í»°¿®¿¬·²¹ °´¿¬»ô ½±´±®æ ¹®¿§

Þ®·¼¹»

ðîðððîð ÚÞ× îó è Ú·¨»¼ ¾®·¼¹»ô îó°±ò

ðîðððëç ÚÞ× íó è Ú·¨»¼ ¾®·¼¹»ô º±® ½®± ½±²²»½¬·±²ô ©·¬¸ ½®»©ô ½®»© ¸»¿¼
©·¬¸±«¬ ·²«´¿¬·±²ô íó°±ò

ðîðððìê ÚÞ× ìó è Ú·¨»¼ ¾®·¼¹»ô º±® ½®± ½±²²»½¬·±²ô ©·¬¸ ½®»©ô ½®»© ¸»¿¼
©·¬¸±«¬ ·²«´¿¬·±²ô ìó°±ò
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Ó¿®µ·²¹
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Ú«»

ðçïíêèç Í× ÚÑÎÓ Ý î ß

ðçïíééí Í× ÚÑÎÓ Ý íß Ü×Ò éîëèï

ðçïíéíï Í× ÚÑÎÓ Ý ì ß Ü×Ò éîëèï

ðçïíêçî Í× ÚÑÎÓ Ý ë ß Ü×Ò éîëèï

ðçïíéïë Í× ÚÑÎÓ Ý ïð ß Ü×Ò éîëèï
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Ð¸±»²·¨ Ý±²¬¿½¬ Ù³¾Ø ú Ý±ò ÕÙ

Ú´¿½¸³¿®µ¬¬®ò è

íîèîë Þ´±³¾»®¹

Ù»®³¿²§

Ì»´ õ ìç ó øð÷ ëî íë ó íóðð

Ú¿¨ õ ìç ó øð÷ ëî íë ó íóì ïî ðð
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