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DEFINITIONS 

Term Description 

IW Ipswich Water – owner/operator of system 

iPS i.Power Solutions – Principal Contractor 

  

HMI Human Machine Interface 

I/O Input/Output 

RTU Remote Terminal Unit 

SCADA Supervisory Control And Data Acquisition 
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1.0 PROJECT SCOPE 

1.1 Introduction 

 

The Operations Manual outlines procedures for operating the SO62 (Tantivy street) Control System. 

1.2 Project objectives 

This Project consists of SO62 being controlled and monitored by a Kingfisher RTU/Citect SCADA system.  

 

2.0 System  

2.1 System Topology 
Ipswich Water has an existing SCADA system in place. The controls and monitoring equipment for SO62 shall be incorporated into the existing SCADA 

system. The Water Flow control and monitoring of SO62 is carried out by the Telemetry SCADA system and a Kingfisher RTU is utilised controlling the 

flow valve.   
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3.0  Operator manual 

3.1 Introduction 

This Operator Manual should be used to change the flow set points, to get the site information, to access the site I/O Configuration as well as to 

monitor the trends. The purpose of this manual is to outline the procedures required to perform the tasks mentioned above. 

3.2 Start-up 

On Start-up, Open the Navigation Menu in the Citect Screen, and select Sewerage Metering Sites and then select SO62 Tantivy Street as shown in the 

Figure 1 below. 

 

FIGURE 1 – CITECT NAVIGATION TO SO62 
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This will open up an additional window as shown in Figure 2 below. 

 
FIGURE 2 – TANTIVY STREET 

3.3   Configuration 
To see or edit the flow configuration click on „Manage‟ button (Hand symbol) as shown in the Figure 3 below. 

 

FIGURE 3 – SO62 CONFIGURATION OPEN 

To Open the Flow Statistics 
Page click here. 
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This will open up the flow statistics page as shown in Figure 4 below. 

 

FIGURE 4 – FLOW STATISTICS PAGE 

3.4  Setpoints 

3.4.1  Flow Setpoint 
To change the set point for flow click on „New‟ button in the flow statistics window as shown in the Figure 5 below. 

 

FIGURE 5 – FLOW SET POINT OPEN 

To Change the High I/S Alarm 
Set Point 

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 9 of 314



10 
 

This will open up an additional window as shown in Figure 6 below. In this window, the operator can enter the new set point values just by clicking 

the numbers or typing the numbers in the box using keyboard by placing the cursor in the box. 

 

FIGURE 6 – FLOW SET POINT WINDOW 

3.5   Site Information 
To open the Site information Notes or to edit the  information click on „ Manage‟ Button (Hand Symbol) on the SO62 window as shown in the Figure 

7 below. 

 

FIGURE 7 – SITE INFORMATION OPEN 

To Open the Site Information Notes Window 

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 10 of 314



11 
 

This will open up a window as shown in Figure 8 below. 

 

FIGURE 8 – SITE INFORMATION WINDOW 

 

3.6   IO Configuration 

To open the Site information Notes or to edit the information click on „ Manage‟ Button (Hand Symbol) on the SO62 window as shown in the Figure 

9 below. 

 

FIGURE 9 – IO CONFIGURATION OPEN 
 

To Open the IO Configuration Notes Window 
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This will open up a window as shown in Figure 10 below. 

 

FIGURE 10 – IO CONFIGURATION WINDOW 

3.7   Trends 

To open the Site information Notes or to edit the information click on „ Manage‟ Button (Hand Symbol) on the SO62 window as shown in the Figure 12 

below. 

 

FIGURE 11 – TREND OPEN 
 

To Open the Trend Page 
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This will open up a window as shown in Figure 13 below. 

 

FIGURE 12 – TREND WINDOW 
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4.0   Maintenance 

 

Flow Meter :-  The flow meter is to be verified at regular intervals as per Ipswich Water‟s current policy. 

Electrical terminals:- All electrical terminals are to be checked for tightness every 12 months or as per as per Ipswich 

Water‟s current policy. 

Solar Panel :-  The solar panel will need to be cleaned as required. A SCADA alarm will be generated when the RTU 

supply voltage is lower than 11.75 volts. This alarm will indicate that the efficiency of the solar panel may be reduced 

and the panel requires cleaning. 

Solar Battery :-  The battery is described as being “maintenance free” in the manufactures manual and the battery 

will need to be tested or replaced as per as per Ipswich Water‟s current policy.  

As with all batteries it is not possible to give a definite service life for a battery as every installation will have a different 

loading, number of discharge cycles and operating temperatures.  It has been suggested that the service life of the 

battery is between 3-5 years. 

 Load testing of the battery at 3 monthly intervals and trending the results will help in determining the service life of the 

battery.  

As per the table below, a serviceable PVX 890T battery should be able to maintain 10.5 volts or better for 126 minutes 

with a 25amp load. 

 

Below is an extract from the manufactures manual regarding load testing and service instructions of their batteries 

MAINTENANCE-FREE, VALVE-REGULATED, 

SEALED LEAD-ACID BATTERIES 

DESIGNED FOR DEEP CYCLE / BACK-UP POWER PHOTOVOLTAIC APPLICATIONS 

BATTERY SERVICE INSTRUCTIONS 

1. CHARGE PROCEDURES - 

Concorde Sun-Xtender Sealed, Valve Regulated AGM Batteries are charged at the factory and are ready for 

installation when they are received. While in storage they should be boost charged every 90 days or when their 

open circuit voltage falls below 12.5 V for a 12 volt battery, 6.25 V for a 6 volt battery and 2.08 V for a 2 volt 

battery. 

Boost charge batteries using a regulated constant potential [constant voltage] charger, with an output of 14.1 

to 14.4 V [for 12 volt batteries]. The battery is considered fully charged when the current drops to 

approximately 0.5 A for one hour. 

Batteries that have not been boost charged and have been in storage for long periods of time [not more than 9 

months] may need a conditioning charge. These batteries should be charged at the constant current rate [listed 

below] until the voltage remains constant or decreases for one hour or until the battery temperature reaches 

115 F [46 C] while on charge. 
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CONSTANT CURRENT CHARGE RATE TABLE 

12 VOLT BATTERIES   6 VOLT BATTERIES   2 VOLT BATTERIES 

PVX-340T 2    PVX-1380T 7   PVX-4140T 19 

PVX-420T 2   PVX-1680T 8   PVX-5040T 24 

PVX-490T 2   PVX-1780T 8   PVX-5340T 24 

PVX-560T  3   PVX-2080T 10   PVX-6240T 30 

PVX-690T 3   PVX-2160T 10   PVX-6480T 30 

PVX-840T 4   PVX-2240L 11       

PVX-890T 4              

PVX-1040T 5             

PVX-1080T 5             

PVX-2120L 10             

PVX-2580L 12             

2. RESERVE CAPACITY TEST PROCEDURE - 

Make sure the battery is charged in accordance with paragraph 2 above. 

With the battery temperature above 68 F [20 C] discharge the battery at 25 A to 10.5 V for a 12 V battery [1.75 

V per cell]. Record the minutes of discharge. If the battery fails to deliver 80% of its rated discharge time [in 

minutes] the battery should be replaced. Refer to the 25 A discharge time table below. 

 25 A DISCHARGE TIME TABLE 

12 VOLT BATTERIES   6 VOLT BATTERIES   2 VOLT BATTERIES 

  Rated 80%     Rated 80%     Rated 80% 

PVX-340T 50 40   PVX-1380T 242  194   PVX-4140T 726  581 

PVX-420T 61 49   PVX-1680T 298  238   PVX-5040T 894  715 

PVX-490T 84 67   PVX-1780T 316  253   PVX-5340T 948  758 

PVX-560T  96 77   PVX-2080T 372  298   PVX-6240T 1116  893 

PVX-690T 121 97   PVX-2160T 390  312   PVX-6480T 1170  936 

PVX-840T 149 119   PVX-2240L 492  394         

PVX-890T 158 126                 

PVX-1040T 186 149                 

PVX-1080T 195 156                 

PVX-2120L 390 312                 

PVX-2580L 504 403                 

          All specifications and ratings subject to change without notice. 
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5.0   Circuit Breaker Schedule  

 

Tantivy Sewage 

Flow Meter 

   

     Circuit Breaker 

Schedule 

 

8/04/2010 

 

  

iPower Solutions Job Number 

8395 

     

Circuit Breaker No. Description 

Trip 

Current 

Circuit 

Voltage 

 Q005 Battery Isolator 10 Amp 12v D.C. 

 Q014 Main Switch 6 Amp 12v D.C. 

 Q019 ScadaPack RTU 1 Amp 12v D.C. 

 Q021 Telemetry Radio 1 Amp 12v D.C. 

 Q023 Flow Meter 1 Amp 12v D.C. 

 

     FIGURE 13 – CIRCUIT BREAKER SCHEDULE 
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DEFINITIONS 

Term Description 

IW Ipswich Water – owner/operator of system 
iPS i.Power Solutions – Principal Contractor 

  
BPS Booster Pump Station 
CMF Central Monitoring Facility 
HMI Human Machine Interface 
I/O Input/Output 
IDC Internet Display Client 
RMF Remote Monitoring Facility 
RTU Remote Terminal Unit 

SCADA Supervisory Control And Data Acquisition 
WTP Water Treatment Plant 
STP  Sewerage Treatment Plant 
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1.0 PROJECT SCOPE 

1.1 Introduction 

This Functional Specification includes a detailed specification of all the hardware and software developed, 
implemented and installed for the Solar Powered Sewage Flow Meter for Ipswich Water at Tantivy. 

The clamp on flow meter is installed on the 150mm line. 

All software requirements for the SCADA and RTUs are included herein such that further code can be developed.  
Also included within the Specification are the project phases and equipment locations. 

1.2 Project Objectives 

This Project consists of Tantivy Flow Meter being controlled and monitored by a Kingfisher RTU/Citect SCADA system.  

The works undertaken for the development and implementation of the Water Flow control and Monitoring Station 
Control System include: 

 Design and supply of Hardware requirements 

 Design and supply of RTU Software requirements   

 Design and supply of CitectSCADA Software requirements   
 Design and supply of FAT and SAT Testing documentation 

 Design and supply of Switchboard drawings   
 Design and supply of IO lists   
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2.0 TANTIVY FLOW METER CONTROL SYSTEM DESIGN 

2.1 System Topology 

2.2.1 Telemetry Overview  

Ipswich Water has an existing SCADA system in place. The monitoring equipment for Tantivy Flow Meter shall be 
incorporated into the existing SCADA system.  

The monitoring of the Tantivy Flow Meter carried out by the Telemetry SCADA system and a Kingfisher RTU.   

2.2 System Hardware 

The following sections outline the intelligent hardware components covered by this document. 

2.2.1 Kingfisher Remote Terminal Units 

Remote Terminal Units (RTUs) perform the following tasks: 

 Interfacing with discrete and analogue signals via industry interface standards 

 Processing of Inputs and Outputs 

 Manage communications links and real-time data to maximise throughput and minimise 
transmission time 

 Provide control of plant by executing SCADA operator commands and translating this to 
process outputs. 

 Provide automated processing and conditioning of statistics and control systems based 
on I/O information in real-time. 

2.2.1.1 RTU Functionality 

Routine monitoring, alarming, logging, trending, and automatic testing of the radio network will be provided via the 
RTU in conjunction with the SCADA system including the following typical items: 

 Communication statistics including 
 percentage success rate, 

 successful message count, 
 failed message count and 

 failed packets count 
 Battery voltage 

 Battery charging current 

 RTU temperature 
 RTU current 

2.2.1.2 RTU Modules 

The following RTU modules have been used in the System for this project 

Component Options 

PC-1  
IO-3  
BA4  

Table 1 – Module Types Used in Project 

The following sections detail the basic functionality of the processor module and the backplane system.   
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2.2.1.3 Processor Module – PC-1 

 
The PC-1 combines the functions of a power supply and a processor module. The PC-1 can only be installed in the 
first slot of a 4-slot backplane (BA-4) and operates from a nominal +12VDC supply (typically 13.8VDC).  

The module has one fixed RS232C port and one option port.  

The PC-1 processor‟s specifications can be found in Appendix A 

2.2.1.4 Backplane Systems – BA4 

The 4-slot backplane can accommodate a variety of module types in different configurations. The PC-1 can only be 
installed in the first slot of a 4-slot backplane . 

 

Backplane Type 

BA4 
Table 2 – Backplane Type 

2.2.2 Kingfisher Toolbox 

Toolbox is a menu-driven software package that allows users to configure and use Kingfisher Series II RTUs.  It can 
also be used to monitor, set and display data values and read and write to/from hardware modules.  Diagnostic tools 
are provided to determine system performance. 

Toolbox allows for on-line and off-line configuration, which means that an RTU configuration can be created without 
a physical connection between the RTU and the PC.  Configurations can be downloaded to the RTU remotely over the 
air or on-site locally.  *.sdb and *.ll files source files contain all the necessary configuration information for an RTU.  
These files should be registered for version control.  Projects files are used for management of site information but 
do not influence configuration or operation of RTU software. 

RTU Configuration Software Version 

Toolbox 1.45d 
Table 3 – RTU Programming Software 

2.2.3 RTU Equipment Requirements 

2.2.3.1 RTU Software & Firmware 

RTU processor modules are loaded with the following versions of firmware: 

 

Module Type Firmware Version Description 

PC-1 0.44a Base Firmware 
Table 4 – Firmware Versions 

2.2.3.2 RTU Environmental Specifications 

Environmental specifications for reliable operation of the RTUs are as follows: 

Parameter Measurement 

Ambient Temperature -20 to 70˚C 
Storage Temperature -40 to 85˚C 

Humidity 5% to 98% RH non-condensing 
Dielectric Strength 3000 V, 1 minute 

Noise Immunity IEEE 472 
Table 5 – Environmental Specifications 
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2.2.4 Radio 

The Radio performs the following tasks: 

 To provide communication to the SCADA 

 To monitor the Radio network (Forward and Reverse power, RSSI, Temperature and 
Losses) 

2.2.4.1 Requirements 

The data from a radio path survey must be used to establish if a suitable radio path exists. This data can also be 
used for the design of the radio path for calculating height of the antenna and losses. The minimum fade margin is 
25 dbm.  

2.2.4.2 Radio Hardware 

The following Radio Hardware has been used in the System for this project: 

Brand Model number 

Trio Datacom 
Radio ER450-53A02-DH0 

Trio Datacom 
Diagnostics Diags/E 

RFI Yagi YB9-62 
RFI Cable CNT400 

Critec Surge 
arrestor LCSP-90m 

Table 6 – Radio Hardware in Project 

2.2.4.3 Trio Datacom – ER450 

The ER450 is a digital data radio that will operate at 19.2k/bits. The ER450 has the ability of being programmed 
locally and remotely.  The ER450 requires 128bit AES encryption to ensure security. 

Depending on the area of the site specific frequencies need to be programmed to allow communication back to the 
SCADA  

The following Radio Frequencies have been used in the outstation for this project: 

 

Repeater Frequencies 

Bergins Hill Tx: 480.425 MHz 
Rx: 485.625 MHz 

Table 7 – Frequencies Used in Project 

2.2.4.4 Trio Datacom – ER450 Firmware 

Radio is loaded with the following version of firmware: 

Module Type Firmware Version Description 

ER450 4.2.3 Base Firmware 
Table 8 – Firmware Versions 
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2.2.4.4 Trio Datacom – TC-TView  

TView is a menu-driven software package that allows users to configure and use ER radios.  It can also be used to 
monitor, and configure the ER radios.  Diagnostic tools are provided to determine system performance. 

TView allows local and remote configuration, which means that a Radio can be configured over the radio network. 
*.cfg files contain all the necessary configuration information for a radio. These files should be registered for version 
control. Projects files are used for management of site information but do not influence configuration or operation of 
RTU software. 

Radio Configuration Software Version 

TView+   E Series Configurator R3.5.9 
Table 9 – Radio Programming Software 

2.2.4.5 Trio Datacom – Diagnostics  

TView+Diagnostics is a menu-driven software package that allows users to monitor the ER radios. 

TView+Diagnostics logs the TX power, Temperature, RSSI, Voltage and RX Frequency error. A HMI interface is used 
to display the data and trends, the trends can be used to look at the data over time. Status and alarm logging 
/monitoring can also be configured for the radio network. 

When a site is added to the system, the TView database must also be updated by adding the new details into the 
diags database. This allows the new site to be included into the routine polling and monitoring of the diagnostics. 

 

Radio Diagnostics  Software Version 

TView+ Diagnostics R3.15.8 
Table 10 – Radio Diagnostic Software 

2.2.4.6 RFI Yagi– YB9-62 

The Yagi antenna is to at minimum be a 9 element but depending on the results of the Radio Path Survey a higher 
element yagi maybe required to achieve a higher gain to reach the required minimum of 25 dBm. The Yagi must 
have the drain hole pointing down and 2 coils of coax cable tied to the bracket holding the antenna. The cable 
connection to the Yagi must be taped with Scotch 23 rubber tape. 

2.2.4.7 RFI Cable– CNT400 

CNT400 is recommended unless the fade margin requirements are not met. In this case a higher gain coax cable 
would be needed to guarantee a minimum fade margin of 25dBm. 

2.2.4.8 Critec Surge Arrestor – LCSP-90m 

LCSP-90m is a Coax Surge protector used to protect the radio from lightning surges. It is very important that the 
bulkhead is securely attached to the Switchboard and well earthed. 

2.2.5 Instrumentation 

Instrumentation performs the following tasks: 

 Monitor the Flow for alarming  

 Supply analog and discrete signals to the RTU for processing 
 Supply analog and discrete signals  for visualization and alarming at the SCADA 
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2.2.5.1 Instrumentation Hardware 

The following Instrumentation Hardware has been used in the System for this project: 

 

Brand Description Model number 

Endress & Hauser Flow Meter Promag 93 
Table 11 – Module Types Used in Project 

2.2.5.2  Flow Transmitter – Promag 93 

 

A Flow Transmitter will be used to provide the Instantaneous and Totalised Flow data.  

 

 

2.3 RTU Configuration 

The RTU is configured as site type “Water Base 10” 

2.4 Master RTU Polling and Communications 

2.4.1 Event Logging 

Each Outstation produces two categories of event logs: 

Category 1&3 Event Logs - are logs of digital and analog events for trend data. 

Category 4 Event Logs - are logs of digital states used for alarm triggering. 

2.4.2 Sequential Polling 

The Master RTU has been programmed to sequentially poll all outstations at independently set time intervals.  

On a warm-start, the Master RTU loads predefined polling interval setpoints. From the SCADA, the operator may then 
vary the polling interval for any site. This is very useful for closely monitoring of a site during alarm storms. Upon a 
warm-start up of the Master RTU, the time intervals will be reset to their previous default values. 

2.4.3 Exception Polling 

When an alarm is triggered in an outstation, a polling request is immediately submitted to the Master RTU. The 
Master RTU finishes polling the current site and then polls the Alarmed Site and receives all the realtime and event 
log data. On a change of state or deviation on status information the realtime data is updated in the Master and then 
returns to it‟s sequential polling. 

2.4.4 Force Polling 

When the operator presses the force polling button on the communications page or the popup page for the site the 
Master RTU will get the same polling request as with Exception polling from the site. The resulting action is identical. 

 

2.4.5 Loss of Telemetry 

The Master RTU keeps track of the communication attempts to each site. If the communication attempt fails for more 
than a predefined number of times an alarm is triggered by the master for the outstation to which communication 
was attempted. 

If the radio port of the outstation is inactive for a set time period an event log is raised in the outstation.  
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3.0 SCADA SYSTEM DESIGN 

3.1 Existing SCADA System 

CitectSCADA Version 6.1 Service Pack A (Unlimited-point license) is currently installed on the CMF SCADA computer 
at Karagaroo Reservoir and the RMF SCADA computer at the Bell St. control centre. 

Currently the CMF SCADA and the RMF SCADA are running the same Citect project called “Ipswich”. 

3.1.1 Kingfisher Citect Driver 

The Kingfisher Citect Driver Extension Module is designed to enable users to quickly and easily configure their Citect 
systems for the downloading of event logs from the RTUs, into either the Trend or Alarm system of Citect.  The 
Extension Module is basically a .dll, Cicode programming code and a few devices.  This module is designed to run on 
top of the Citect Kingfisher RTU driver, (kingfish.dll) which must be installed prior to running this module along with 
the project. 

3.2 Operator Interface & Access 

User access is via a local login. Remote access is via the internet, using a secure VPN connection with RSA SecurID 
identification. 

For the local and remote connections, the SCADA system initially provides the following basic levels of access: 

Access Level Description 

View Only 
In this mode, the user can only view the selected screen and is not able to 

alter any system attributes, equipment status, handle any alarms or 
generate any reports. 

Operator In this mode, the user has access to the entire system with the exception of 
the configuration of users, system permissions, and screens set-up. 

Supervisor In this mode, the user has unrestricted access. 
Table 12 – Operator Interface Access Level Definitions 

The user access levels specified above are fully configurable with respect to screen accessibility, permissions, and 
alarm handling to enable a variety of supervisor configured levels of access. 

The „View Only‟ mode is the default mode, and the access level automatically returns to „View Only‟ from either of the 
two higher levels if the user is inactive for a period of 15 minutes or more.  

3.3 System Screens 

3.3.1 General 

The system screens are based on a graphical user interface (GUI).  The GUI screens allow a point-and-click interface 
to access the various screen levels.  An overview of the entire SCADA system is provided as the top level display, 
which allows the Operator to click and zoom into individual regions. This overview screen can be found in Appendix C 
– SCADA Overview Screen. 

Once looking at individual regions, the Operator can access full details of individual sites as applicable to the number 
of I/O for that site.  When viewing an individual site, the Operator is able to force poll the RTU at the selected site 
via a control button. 

The details of each screen and the screen sub-levels are detailed below which simply shows each screen, their 
relationships and some of the more pertinent functions. 

Finally, the SCADA HMI allows for trending of stated I/O values against times. 
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3.4 Data Storage & Retrieval 

3.4.1 Logged Data 

All logged data used to provide trends is time and date stamped.  Where an Operator is involved with logging data, 
their identification is also included with the time and date stamp, and the Operator is also able to manually attach a 
text description to each piece of data stored in the database. 

The SCADA system logs the following parameters for the various I/O devices and is displayed on a relevant, separate 
page: 

I/O Device Logged Data Name of Page Displayed 

N/A 

All changes of state in any of 
the digital I/O at the RTUs 

Operator / Event Logs 
(this page contains the last 7 days of 

logged events) 

All alarm conditions including 
the handling of these alarms 
All paged incidents, including 

the details of the paged 
message recipient 

All operator actions that 
change the state of the 

system such as pump starts 
and alarm trigger levels 

All administrator actions that 
alter the state of the login 
system, user permissions, 
screen updates and other 

system parameter changes 
Flow Meter Instantaneous flow 

throughout the system for 
display 

Flow meter Trending of instantaneous 
flow throughout system 
Totalised flow Today, 

Yesterday, This Week, and 
Last Week 

RTU 

Charging Voltage 

RTU 
Current 

RTU Temperature 

Supply Voltage 

Table 13 – SCADA I/O Device Data Logging 
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3.4.2.1 Trending & Process Analyst 

The Process Analyst allows operators to view trend and/or alarm tag data (both real-time and historical) for 
comparison and analysis during runtime. 

The Process Analyst control interface typically consists of the following components: 

Main toolbar: Contains commands for performing general operations in the Process Analyst, such as opening views 
and printing reports. 

Pens: A Process Analyst pen represents the trend and/or alarm data.  The Process Analyst supports three types of 
pen: analogue pen, digital pen, and alarm pen, with each pen having its own graphical representation.  During run-
time, most pen properties are configurable. 

Panes: Panes are used to group pens visually in the Process Analyst and are stacked vertically on the Process Analyst 
display.  Every pen belongs to a single pane. 

Chart background (not shown): The panes are drawn over the chart background. Depending on the layout of the 
pens, the background may be partially visible. 

Date/time axis: Located at the top of a pane, the date/time (horizontal) axis displays the date or time (or both) of 
the data for the primary selected pen within a pane. Only the axis can be configured. 

Vertical axis: Analogue pens have a vertical axis on the left-hand side of the pane to indicate data values. 

Cursor: A cursor allows an Operator to determine value at a given point in time by dragging the cursor line to the 
point required. 

Cursor labels: Display the value where the cursor intersects the trend value line.  

Navigation toolbar: Contains commands to allow an Operator to travel forward or backward through trends, as well 
as other navigation-related tasks. 

Object View: When displayed, the Object View appears under the navigation toolbar and displays information about 
your Process Analyst pens, such as name, color, scale, and so on. 

 

Figure 1 – Typical Process Analyst screenshot 

3.4.3 Data Retrieval 

The SCADA system is capable of retrieving all data that has been stored.  On retrieval, the Operator is able to filter 
the data according to category, time and location for each RTU.  All data is available for immediate access for a 
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minimum period of 12 months after the data is stored to a trend. If data past this time period is required then the 
Historian Reports would need to be used instead. 

3.5 Alarms 

The SCADA system raises individual I/O alarms with the level of alarming set as follows: 

Alarm Level Setting Required Actions 

Category 1 Major Alarm Requires Operator intervention and requires a paged 
message to be sent after an adjustable, site specific delay. 

Category 2 Minor Alarm Requires Operator intervention but does not require a 
paged message to be sent 

Category 3 Event Operator’s acknowledgement not required before being 
logged. 

Table 14 – Alarm Levels, Settings & Required Actions 

 

All analogue alarm set-points can be changed by selecting an appropriate object on the appropriate SCADA screen.  
All analogue alarms are included as per the site descriptions found later in this document. 

RTU Alarms 

The RTUs raise Category 1 alarms based on the events described as follows. 

Ladder Name Description 

  
RTU_Tamper Intruder Alarm 

  
RTU_BattLoAlm Low Battery Alarm 
RTU_CurrLoAlm Low Charging Current Alarm 
RTU_SupplyOK RTU Supply/Battery OK 
RTU_HWAlarm RTU Module Hardware Alarm 
RTU_LOSAlarm RTU Loss of Supply Alarm 

RTU_IOScan RTU IO Scanning Enabled 
RTU_LLEn RTU Ladder Enabled 

RTU_CommFail Comms Fail -  Inactivity from Polling Master 
         Table 15 – Category 1 Alarms (Paged) 

 

The RTUs raises Category 2 alarms depending based on the events described as follows. 

Ladder Name Description 

RTU_HWFltC1 Hardware Fault Card 1 
RTU_HWFltC2 Hardware Fault Card 2 
RTU_HWFltC3 Hardware Fault Card 3 
RTU_HWFltC4 Hardware Fault Card 4 
RTU_IOBusFail I/O Bus Fail 
RTU_CBusFail Comms Bus Fail 
RTU_RamFlt RTU RAM Fault 

Table 16 – Category 2 Alarms 

The RTUs also have the following Category3 Alarms (Events) described as follows.  

Ladder Name Description 

RTU_WatchDog Watchdog Timer  
RTU_CommFail Comms Fail -  Inactivity from Polling Master 
RTU_SCADAFail SCADA Port Fail  
RTU_SyncRTC Synchronise RTC from SCADA  
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Ladder Name Description 

RTU_PagingAck Paging ACK  
RTU_PagingEn Paging Enabled 

RTU_UpdateTxLog Update TX logs to alternate Master 
RTU_WatchDog Watchdog Timer  
RTU_15SecFlag 15 Sec Interval Flag 
RTU_30SecFlag 30 Sec Interval Flag 
RTU_NewDay New Day Flag 

RTU_NewWeek New Week Flag 
RTU_NewMonth New Month Flag 

RTU_ZEROComm Zero Today performance stats 
RTU_PollCycRestart Restart Cyclic Polling 

RTU_PollCyclic Cyclic Polling Enabled 
RTU_PollInit Polling Sequence Intiated 

RTU_PollDone Polling Sequence Completed 
RTU_EnReal Global Enable real time rxupdate load 
RTU_EnLog Global Enable event log  rxupdate load 
RTU_EnPoll Global Enable Polling 

RTU_DisExRepB Disable Exception Reporting on Port B 
RTU_EnPoll Enable Polling (Controlled from SCADA) 
RTU_HWRpt HW Exception Report 
RTU_AIRpt AI Exception Report 
RTU_DIRpt DI Exception Report 

RTU_DAIRpt Derived AI Exception Report 
RTU_DDIRpt Derived DI exception report 

RTU_XsEvRpt XS event Exception Report 
RTU_XsHrRpt XS Hour Exception Report 
RTU_DORpt DO Exception Report 

RTU_SCADAWReq SCADA Write Request 
RTU_CtlDataRpt TX Data Report 
RTU_ForceRpt Force Report to occur on analog 

RTU_SPRpt Setpoint Change Exception Report 
RTU_NoRpt Dummy flag for no reports 

RTU_LogIndex Long Pointer for Event Logs 
RTU_XSTimer Default XS Events timer period 

RTU_PollPeriod Master Polling Period 
RTU_PollTimer Master Polling Timer 
RTU_QTBTxBuf Quiet Time before TX buffer 
RTU_PollTimed Master Polling Duration 
RTU_FailThresh Comms alarm Packet Failure threshold SP 

RTU_RXUpdLogs Number of logs to upload per RTU SP 
RTU_15SecFlag 15 Sec Interval Flag 
RTU_30SecFlag 30 Sec Interval Flag 
RTU_NewDay New Day Flag 

RTU_NewWeek New Week Flag 
RTU_NewMonth New Month Flag 

RTU_ZEROComm Zero Today performance stats 
RTU_SPPortDelay Sequential Polling Interval SP (100th sec) 
RTU_EPortDelay Exception Interval SP (100th sec) 
RTU_CPortDelay Control Interval SP (100th sec) 
RTU_DPIndex1 Disable Polling Remote RTU - Index Bit 1 
RTU_DPIndex2 Disable Polling Remote RTU - Index Bit 2 

RTU_SCADASeconds SCADA Seconds 
RTU_SCADAMinute SCADA Minute 
RTU_SCADAHour SCADA Hour 
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Ladder Name Description 

RTU_SCADADay SCADA Day 
RTU_SCADAMonth SCADA Month  
RTU_SCADAYear SCADA Year 

RTU_SCADAWeekDay SCADA WeekDay 
RTU_PIT_SP No. of Pressure Transmitters  
RTU_FIT_SP No. of Flow Meters  

RTU_PMP_SP No. of Pumps  
RTU_VLV_SP No. of Valves  
RTU_VSP_SP No. of VSD Pumps  
RTU_LVL_SP No. of Levels  

RTU_FITPulse_SP No. of Flow Pulses  
RTU_RAG_SP No. of Rainfall 
RTU_EventDev Event Deviation 
RTU_BattLoSP Low Battery Setpoint 
RTU_CurrLoSP Low Charging Current Setpoint 

CommOKTD RTU - Successful Message Count TD 
CommOKYD RTU - Successful Message Count YD 
CommBadTD RTU - Failed Message Count TD 
CommBadYD RTU - Failed Message Count YD 
PackBadTD RTU - Failed Packet Count TD 
PackBadYD RTU - Failed Packet Count YD 

RTU_SuccRate_TD RTU - Success Rate TD 
RTU_SuccRate_YD RTU - Success Rate YD 

RTUnum RTU Network Address Number 
RTU_FirmW Firmware Version 

RTU_InactTimer Local Inactivity timer buffer 
Table 17 Category 3 Alarms (Events) 

3.5.2 Category 3 Alarms (Events) 

The following events raise a Level 3 alarm 

Ladder Name Description 

  
  

Note: ‘X’ denotes the device’s number.  
Table 18 – Category 3 Alarms (Events) 

3.5.3 Category 2 Alarms 

The following alarms can be viewed from the Alarms pages: 

Ladder Name Description 

  
  
  

Note: ‘X’ denotes the device’s number.  
Table 19 – Category 2 Alarms 
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3.5.3 Category 1 Alarms (Paged) 

The following alarms can be viewed from the Alarms pages and are also paged to the Operator/s: 

Ladder Name Description 

FIT’X’_HiFloAlm Flow Meter ’X’ - High Flow Alarm 
FIT’X’_LoFlolAlm Flow Meter ’X’ - Low Flow Alarm 
FIT’X’_LPFAlm Flow Meter ’X’ - Transducer Fail 

Note: ‘X’ denotes the device’s number 
Table 20 – Category 1 Alarms (Paged) 

 

3.6 Paging System 

The CMF SCADA computer and the RMF SCADA computer currently have the Citect Pager installed to provide SMS 
alarm messages to the Operators in the event of an alarm. The paging system has been setup to run as a redundant 
system with the CMF operating as the primary alarm server. The primary pages the operator‟s phone and the RMF 
pages the NextG phone. The Alarms stated in table 13 and 17 are required to be loaded into the paging database. 
These alarms are to be tested at commissioning. 
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4.0 SCADA SITE DETAILS 

This section details the requirements and control philosophy of Tantivy Flow Meter, that the SCADA and RTU code 
was developed and implemented for. 

4.1 Tantivy Flow Meter 

4.1.1 General 

Water flow data is monitored and alarmed at this site. Alarm conditions are reported to the SCADA system via 
telemetry. 

Alarms are displayed and paged as set out previously defined. 

4.1.2.2 Alarm Set Points 

Device Operation Level Set-Point 

Flow Low Alarm  < default  TBA ?? % 
Flow High Alarm > default  TBA ?? % 

Table 21 – Alarm Set-Points 

4.1.3 Alarms 

The RTU Monitors the flow: 

4.1.3.1.1  Flow Alarms 

If the flow is less than the low flow setpoint or greater than the high flow setpoint an alarm is sent to Citect.  

Device 

Operation 
Alarm Alarm Type 

Flow Meter Flow Low Alarm Category 1 (Paged) 
Flow Meter Flow High Alarm Category 1 (Paged) 

 

4.1.3.1.5 Transmitter Fault Alarm 

When a sensor RTU input is greater than 20mA or below 4mA they are in fault and an alarm is sent to Citect.  

Device 
Operation 

Alarm Alarm Type 

Flow Meter Transmitter Fault 
Alarm Category 1 (Paged) 

  

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 37 of 314



Ipswich Water :- Tantivy Sewage Flow Meter  
Functional Specification 

i.Power Solutions – Process Automation 

Ipswich Water 

Tantivy Sewage Flow Meter 
iPS Job: 0008395 Page 21 of 25 

0008395-DF-001 Tantivy Flow Meter Functional Spec.doc 

 

4.1.8   Inputs/Outputs 

The following RTU Inputs/Outputs are incorporated into RTU Site 008  

4.1.8.1 IO List 

 

 

IO-3 Physical Slot 14 Alarm Trend 

Ai Ch1 Instantaneous  Flow Cat 1 Yes 
Ai Ch2 Spare   
Ai Ch3 Spare   
Ai Ch4 Spare   
Ao Ch1 Spare   
Ao Ch2 Spare   
DI Ch1 Spare    
DI Ch2 Tamper Alarm Cat 1  
DI Ch3 Flow Meter Pulse   
DI Ch4 Spare   
DoCh1 Spare   
Do Ch2 Spare   
DoCh3 Spare   
Do Ch4 Spare  

 
 

 

Table 22 – RTU I/O 

4.1.8.2 Physical Slot Addressing 

The RTU consists of the following cards: 

 Slot 13 – PC-1 

 Slot 14 – IO-3 

 Slot 15 – Spare 
 Slot 16 – Spare 

 Backplane – BA4 

4.1.8.3 Analogue Measurements Scaling 

The scaling for the analogue meters are: 

 Flow Meter = 0…‟x‟ L/s 
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APPENDIX A – RTU MODULE SPECIFICATIONS 

Appendix A1 – PC-1  Processor 

PROCESSOR  
Processor Type  Intel 80C188  
Word Size  16 Bit internal data bus 8 Bit external data 

bus  
Clock Speed  16 MHz  
BIOS  Yes  
Flash Memory  128 kB Total. 28 kB for firmware drivers.  
Static CMOS RAM  256 kB  
Real-time Clock (RTC)  Yes. Accuracy + 1 minute/month  
Watchdog Timer  Yes 
Status Indication  Yes  
Battery Type  Lithium. Not rechargeable.  
Battery Life - module unpowered  7 years @ 25°C  
Battery Replacement  At above intervals  
Communication Ports  2  
Port 1 (RS232)  Serial, 300 to 115200 Baud  
Port 2 (Optional)  Serial, Radio, 2-Wire Line or 4-Wire Line 

300 to 115200 Baud (depending on port 
type)  

Modem Port 2 CCITT V23 (Optional)  1200 Baud  
Communications  Master / Outstation  
Configuration Software  Toolbox 32  
Diagnostics Software  Yes  
Basic Configuration  Auto on power-up  
RTU Address Range  1 – 249  
Communications Protocol  Kingfisher, Modbus, + many more  
Analog Block Processing  Yes  
PID Block Processing  Yes  
CPUs per RTU  1  
Internal Power Consumption  120 mA from +5 VDC  
Auxiliary 24 V Converter  10 W, 400 mA @ 24 VDC  
I/O Bus Data Rate  250 kbps  
CM Bus Data Rate  83 kbps  
Cyclic Redundancy  Port 1 and 2  
Operating Temperature  -20 to 50°C  
Storage Temperature  -40 to 85°C  
Operating Humidity  5 to 98% RH non-condensing  
Hot Swap  Not supported. Removing the PC-1 will 

power down the RTU.  
 

Table 23 – PC-1 Processor Specifications 
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APPENDIX B – FAT AND SAT SHEETS 
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APPENDIX C – SCADA OVERVIEW 
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2. Kingfisher 
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11.3 BA-4 / BA-40 Backplane - 4 Slot 

A BA-4 backplane is for use with the PC-1 (power & processor module) in the far left slot and any I/O 
or communication modules in the other 3 slots. A BA-40 backplane is similar to the BA-4 backplane 
except the J5 (PC-1 lower connector) and SL-9 (PC-1 power) connectors have been removed to allow 
various modules to be installed in the leftmost slot. A BA-40 can be used with a PS-xx power supply 
and a CP-xx processor module or can be linked to any other backplane when more slots are required. 
 
There are four (4) connectors at the far right of a BA-4 backplane. The two (2) small 8 way connectors 
are for inter-backplane communication links, the six way connector is for an external power supply 
(+5V and +12V DC), and the lower 9 way connector is used for incoming and outgoing power. A BA-
40 does not have the lower 9-way SL-9 connector. 
 
The 4-slot backplane is designed for surface mounting. Mounting brackets (2 pieces) are supplied for 
user fitting. 
 
 

102 

36 

DETAIL 

174 

176 

7 

10 

156 

194 

176 

J5 
SL9 

 
Figure: BA-4 / BA-40 Dimensions (mm) 
(BA-40 does not have J5 or SL9 connectors) 
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BA-4 / BA-40 External Connections 

J14 Power Connector (viewed from the top) 
 

24V 12V 

5V 
 

PCON 

0V 0V 

 
PCON = Processor controlled power enable. 
The 24V pin is not used by the PC-1. The 12V and 5V output pins can be used to power a second 
backplane (e.g. BA-40). These pins are supplied by the PC-1 when a battery or input supply is 
connected to the orange BL9 connector. 
 
 
 
J13 (in), J15 (out) Inter-rack Backplane Comms Connectors 
 

1 

2 

3 

4 

8 

7 

6 

5 

Pin 1: IO+ Serial I/O link  
Pin 2: CM+ Serial CM link 

Pin 3: 0 Volt - Signal ground 
Pin 4: IO- Serial I/O link  
Pin 5: CM- Serial CM link  
Pin 6: 0 Volt - Signal ground 
Pin 7: CSR 

Pin 8: PCON Processor controlled power enable 

 
 
 
 
Orange SL9 connector 
(BA-4 only, viewed from the top without the plug inserted) 
 

+24V Aux. Supply Output (optional) 
0V Aux. Supply Output (optional) 

+12V To/From Battery 
0V To/From Battery 
+12V To Radio  
0V To Radio 
+12V Input Supply  

0V Input Supply 
Earth 

 
To power the PC-1, the +12V and 0V Input Supply pins need to be wired to a suitable power supply 
(e.g. connect a PSU-3 power supply). 
 
The +24V Aux. Supply is only available if the PC-1 is fitted with a DC-DC converter (optional). Two 
battery terminals are supplied for charging of a backup battery. The +12V Radio terminals can be used 
to power a radio or other external equipment. 

Kingfisher PLUS+ Hardware Manual 5.5 www.rtunet.com/support Page 111 
 

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 45 of 314



 

Chapter 3 Processor Modules 

3.1 PC-1 Power & Processor Module 

FEATURES 

 

Monitoring - battery and input 
supply  

DC Input Supply 

 

 

 

 

 

Two modules in one - Power 
Supply and Processor 

Up to 2 Comms Ports 

 
Isolated DC Output 

 
Low Voltage Battery Protection 

 
Intel CPU, 16MHz 256KB SRAM 

 
 
The PC-1 combines the functions of a power supply and a processor module. The PC-1 can only be 
installed in the first slot of a 4-slot backplane (BA-4) and operates from a nominal +12VDC supply 
(typically 13.8VDC). The module has one fixed RS232C port and one option port. 
 
A PC-1 has two links that can be accessed from the rear of the module as shown below. 
 

Link for RAM battery. 
Remove for 2 minutes 
to clear the 
configuration. 

Link for +12V supply 
to ports 1 and 2.  
Note: +12V is always 
enabled on port 2 
radio option boards 

Factory default: 
RAM link installed 
+12V link not installed 

 
 

Figure: Rear View Of PC-1 Module 
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Part Numbers 

The PC-1 is available with 3 options (A, P, M) as detailed below. 
Part No. PC-1- A P M 
 

A 
24V 10W Auxiliary 
Supply Converter 

P 
Port 2 

Option Board Type 

M 
Memory 

0=Not Fitted 
C=Fitted 

0= Not Fitted 
R= Radio, V.23 FSK * 
P= 2-Wire Line, V.23 FSK 
S= Serial RS232/RS485 
M= 4-Wire Line, V.23 FSK 

0=No Extra RAM Fitted 
(128K) 

1=Extra RAM (Total 256K) 

* Radio option boards must be factory modified to suit Trio radios (resistor R15 [150K] is replaced with a 2K2 
resistor). Please add the comment "for Trio radio" when ordering a radio option board for use with a Trio radio. 

 
Example: PC-1-CR1 PC-1 with auxiliary converter, radio option port and extra RAM 
 
 

PC-1 Module LEDs 

OK 

BATT 
CHG 

DC 
5V 

DIS 

P1 
Tx  

P2 
TX  

+12V 

LO 

Rx Rx 

T1  

T2  

RTS  RTS  

+Vs CD CD 

PC-1 

 
 
Both of the communications ports have Tx, Rx, RTS and CD LEDs in a vertical group as shown above. 
 

PC-1 LED Description 

OK ON when module is functioning OK 

DC +5V ON when the internal 5V supply is OK. This LED should always 
be on 

+12V ON when the internal 12V supply is OK. This LED should always 
be on (software controlled) 

T1 Test LED 1. Flashes during Power Down mode. 

+Vs ON when the Auxiliary 24V supply is OK (will only display if the 
24V converter is installed). 

BATT CHG* ON when the battery is being charged 

DIS* ON when the battery is being discharged 

LO ON when the battery voltage is low (For a PC-1 this occurs when 
the supply voltage is less than about 11.2V) 

T2 Test LED 2. Not currently used. 

Tx ON when port is transmitting 

Rx ON when port is receiving 

RTS Request to send. Set ON to begin transmitting 

CD Carrier detect. ON while a communications signal is detected. 

WD Processor Watchdog Timer. Set ON when the processor is reset. 

* The battery charging (BATT CHG) and battery discharging (DIS) LEDs will sometimes flicker on and off when 
the battery is charged to the optimum level or if no battery is connected.  
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PC-1 Specifications 

PROCESSOR 

Processor Type Intel 80C188 

Word Size 
16 Bit internal data bus 
8 Bit external data bus 

Clock Speed 16MHz 

BIOS Yes 

Flash Memory 128KB Total. 28KB for firmware drivers. 

Static CMOS RAM 256KB 

Real-time Clock (RTC) Yes. Accuracy + 1 minute/month 

Watchdog Timer Yes 

Status Indication Yes 

Battery Type Lithium. Not rechargeable. 

Battery Life - module unpowered 7 years @ 25°C 

Battery Replacement At above intervals 

Communication Ports 2 

Port 1 (RS232) Serial, 300 to 115200 Baud 

Port 2 (Optional) Serial, Radio, 2-Wire Line or 4-Wire Line 
300 to 115200 Baud (depending on port type) 

Modem Port 2 CCITT V23 (Optional) 1200 Baud 

Communications Master / Outstation 

Configuration Software Toolbox 

Diagnostics Software Yes 

Basic Configuration Auto on power-up 

Complex Configuration Toolbox 32 

RTU Address Range 1 – 249 

Communications Protocol Kingfisher, Modbus, + many more 

Analog Block Processing Yes 

PID Block Processing Yes 

Logic Processing Ladder 

CPUs per RTU 1 

Internal Power Consumption 120mA from +5VDC  

Auxiliary 24V Converter 10 Watts, 400mA @ 24VDC 

I/O Bus Data Rate 250 kBit/s 

CM Bus Data Rate 83 kBit/s 

Cyclic Redundancy Port 1 and 2 

Operating Temperature -20 to 70°C 

Storage Temperature -40 to 85°C 

Operating Humidity 5 to 98% non-condensing 

Hot Swap Not supported. Removing the PC-1 will power down the 
RTU. 

 

Kingfisher PLUS+ Hardware Manual 5.5 www.rtunet.com/support Page 23 
 

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 48 of 314



 

PC-1 POWER SUPPLY 

Input Supply to PC-1 11.5-15VDC @ 4A Max (50W) 

Typically 13.8VDC if backup battery connected 

Outputs From PC-1 +5VDC @ 1A (5W) to Bus* 

+12VDC @ 4A Max to Bus* 

+12VDC @ 2A Max to Vr* 

+24VDC @ 400mA (10W) to Optional Auxiliary Output (3kV 
Isolation)

 #
 

Backup Battery * 12V, 7AH typical. 26AH max 

Deep Discharge Protection RTU Shutdown at 10.6V 

RTU Startup at 11.8V 

Supply Fuse  8A (Maximum Current into the PC-1) 

Battery Fuse  8A (Maximum Current into or out of battery) 

Combined Vr and 24VDC Fuse 3A Polyfuse 

Item Accuracy Monitoring 

Battery Current 
PC-1 Supply Voltage 
PC-1 Supply Current 
PC-1 Temperature 
Battery low 
Battery Charging 
Battery Discharging 
Aux. 24V present 
AC present (determined from 
Battery Discharging signal) 

+ 10% 
+ 5% 
+ 10% 
+ 5% 
N/A 
N/A 
N/A 
N/A 
N/A 

* Note: power output is dependent on power supply to the PC-1. Most PC-1s are powered using the 
35W PSU-3 power supply. 
# 
The +24V converter is optional and must be ordered with the PC-1. 
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PC-1 Connections 

The PC-1 module has one serial port and one option port accessible by the RJ45 and RJ12 
connectors on the front of the module and covered by the snap on cable cover. Port 1 is at the top for 
RS232 connections only and Port 2 is below for either Serial or Radio / Line connections. 

 

 

PC-1 

PORT 1 
 

PORT 2 
 

RS232 

RS232 

RS485 
RADIO 

PLINE 

 
 

Port 1 
RJ45 Pin 

Direction RS232C 

1 OUT TXD 

2 IN RXD 

3 IN CTS 

4 COM GND (0V) 

5 IN DCD 

6 OUT RTS 

7 OUT +12V low power 

8 OUT DTR 

RJ45 Socket RJ45 Plug 

12345678 
87654321 

 

 
 

PC-1 Block Diagram 

CM BUS 

I/O BUS 

FLASH 
RAM 

128K 

Option board  
(RS232/485, 

RADIO, PLINE] 

DUART 

RS232 

PORT 1 

BUS 

RESET 

RS485 
DRIVER 

uP 
80C188 

16MHz RS485 
DRIVER 

PORT 2 
PLUG-IN OPTION BOARD 

RAM  
128K OR 

256K 

RTC 

POWER 
MANAGEMENT 

3V 
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10.2 IO-3 Combination Analog/Digital I/O Module 

FEATURES 

 
4 Relay Outputs - SPST 

 
4 Digital Inputs 

 
4 Analog Inputs 

 
1 Analog Output 

 
This module can be installed in any I/O slot of a 4, 6 or 12 slot backplane system. 
 
 

Analog I/O 

This module provides two signal ranges, 0 to 20mA and 4 to 20mA. The default range is 4-20mA. A 
link on the rear of the module selects 4-20mA (link installed) or 0-20mA I/O for all channels. 
 
Resolution of the converted signals is 12 bits binary (1 part in 4096). The sign bit is not used in the 
conversion process. All channels are updated four times per second. The placement of the bits within 
the data word is shown below. 
 
MSB            LSB 

0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 0 0 0 

 
Scaling of the input is shown below. 
 

32760 

0 

0 4 20 
Current (mA) 

(4 to 20mA range) 
 

Raw 

Value 
(decimal) 

32760 
 

0 
 0 

 
20 
 Current (mA) 

(0 to 20mA range) 
 

Raw 

Value 
(decimal) 
 

 
Figure: IO-3 Scaling for Analog Current Input 
 
All inputs share a single common and all outputs share a separate common at the zero volt rail. 
 
Input protection for the module is sufficient to guarantee operation with reduced performance with up 
to 1500V common-mode. The module provides electrical isolation of externally generated noise 
between field wiring and the backplane through the use of optical isolation. 
 
To minimise the capacitive loading and noise, all field connections to the module should be wired 
using a good grade of twisted, shielded instrumentation cable. The shields can be connected to E. The 
E connection provides access to the backplane (frame ground). 
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Link for 4-20mA 
operation. Remove 
for 0-20mA 
operation. 
 
Factory default:  
Link installed 

 
Figure: IO-3 Rear Module and Link Location 
 
 

Digital I/O 

Input characteristics are compatible with a wide range of user supplied input devices, such as push 
buttons, limit switches and electronic proximity switches, whilst outputs can control a wide range of 
user supplied load devices such as: motor starters, solenoids and indicators. Power for the internal 
relay circuits is provided by the +12VDC bus on the backplane. The user must supply the AC or DC 
power to operate field devices. An internal fuse protects the relay contacts should ratings be 
exceeded. 
 
 

Module LEDs 

OK FU 

A1 B1 

A2 

A3 

A4 

IO-3 

D1 

C2 D2 

C3 D3 

C4 D4 

C1 

 
 

LED State Description 

OFF Module fault (no power) OK 

ON Normal 

OFF Fuse OK FU 

ON Fuse fail 

A1-A4 - Not used 

B1 - Not used 

C1-C4 OFF Digital input OFF 

 ON Digital input ON 

D1-D4 OFF Digital output OFF (open) 

 ON Digital output ON (closed) 
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IO-3 Analog Specifications 

ANALOG INPUTS 

Input Current Ranges 4 to 20mA and 0 to 20mA 

Input Voltage Ranges * 1 to 5V and 0 to 5V * 

Inputs per Module 4 

Calibration Factory calibrated to 5 A 

Update Rate 2 msec (all four channels) 

Accuracy + 0.1% @ 25°C. + 0.25% @ -20 to 70°C 

Resolution 12 bit (no sign bit) 

Common Mode Voltage 1500 Volts 

Linearity <1 Least Significant Bit 

Isolation 1000 VRMS between field and logic 

Common Mode Rejection >70 dB at DC; >70 dB at 60 Hz 

Cross-Channel Rejection >80 dB from DC to 1 kHz 

Input Impedance 250 ohms (100 ohms optional) 

Input Filter Response 325 Hz 

 

ANALOG OUTPUT 

Output Current Range 4 to 20mA and 0 to 20mA 

Outputs per Module 1 

Calibration Factory calibrated to 68  A per count 

Supply Voltage (nominal) +5V and +12VDC from backplane 

Update Rate 250 msec (all channels) Determined by I/O scan time, and is 
application dependent 

Accuracy + 0.2% @ 25°C. + 0.5% @ -20 to 70°C 

Resolution 12 bit (no sign bit) 

User Load 0 to 850 ohms 

Output Load Capacitance 2000 pF 

Output Load Inductance 1H 

Isolation 1000 VRMS between field and logic 

 
* Analog inputs can be modified from current inputs to voltage inputs by lifting one leg of the 250 ohm 
channel resistor. Each channel has its own resistor, so any combination of channels can be converted. 
If necessary, the response time of the analog input can be improved by replacing the 250 ohm resistor 
with a 100k resistor. It is recommended that modules be returned to Semaphore for factory conversion 
if required. No responsibility will be taken by Semaphore for damage caused to boards during 
modification performed by clients. The circuit board resistors to change are: channels 1 - 4 = R 39, 
R41, R43 and R45 
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IO-3 Digital And General Specifications 

DIGITAL INPUTS 

Rated Voltage 24 VAC/DC 

Input Voltage Range 0 to 30 VAC/DC 

Inputs per Module 4 

Isolation 1000 VRMS between field and logic 

Input Current 4mA (typical) at rated voltage 

On-state Voltage 11.5 to 30 VAC/DC 

Off-state Voltage 0 to +4 VAC/DC  

On-state Current 3.2mA minimum 

Off-state Current 1mA maximum 

On response Time 10ms typical 

Input Characteristics 

Off response Time 17ms typical 

 

DIGITAL OUTPUTS 

Outputs per Module 4 

Commons 1 (common supplies all 4 outputs) 

Relay Type SPST-NO (Single Pole, Single Throw, Normally Open) 

Rated Switched Voltage 24VDC, 120/240 VAC 

Maximum Switched Voltage 30VDC, 250VAC 

Maximum Switched Current 5A per channel 
8A per common 

Isolation 3kV coil to contacts 

Minimum Load 10mA @ 5VDC 

Contact Resistance 100m! maximum 

Relay Operations 70,000 minimum at 1800 operations per hour at rated load 

Relay Part Number Omron G6D-1A-12VDC (G6D datasheet is available from 
www.europe.omron.com) 

CAUTION! Contacts can be protected with appropriate suppression devices when wired with inductive loads to 
increase life of relays (please see DO-1 for suppression circuits). Contacts should also be protected with external 
fusing. 

 

GENERAL 

Operating Temperature -20 to 70
o
C 

Storage Temperature -40 to 85
o
C 

Humidity 5 to 95% non-condensing 

Output Power 24VDC @ 125mA (3W) Isolated 

Hot Swap Yes. Module can be swapped while RTU is running. Hot swap will 
not cause a Warm Start. Outputs will be restored within 2 seconds 
once module is replaced. Inputs will be cleared while module is 
removed. 
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IO-3 Wiring Diagram 

There are three separate isolated groups - one for the analog input/output, one for the digital input and 
one for the digital output. Each group may be powered from a separate source. 
 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

INTERNAL 

CIRCUITRY 

 

7A 

DO CH 2 

DO CH 4 

DI Common 

DO CH 1 

DO CH 3 

LINK * 

+24V Output 

AI CH 1 

AI CH 4 

AI CH 2 

AI CH 3 

Wiring Examples 

 

0V 

AO - 

AO + 

SHIELD 

DO Common 

DI CH 1 

DI CH 4 

DI CH 2 

DI CH 3 

AO + 
 AO - 
 

Current Load 

External Power 
Supply. Note: polarity 

can be reversed.  

DI CH x 
 

DI  
Common 

External power 
supply. Note: polarity 
can be reversed. 

+ 
 

DO CH x LOAD 

DO  
Common 

+ 
 

FIELD CONTACT 

 DI CH x 

+24V 
Output 

Powered by module 

FIELD CONTACT 

DI Com. 

0V 
Link 
 

POWER 

SUPPLY 

POWER 

SUPPLY 

AI CH x 

+24V 
Output 

2-wire transmitter 
(powered by module) 

0V 

AI CH x 

+24V 
Output 

3-wire transmitter 
(powered by module) 

- 

+ 
Analog 

Input 

+ 
- 

Analog 

Input 

4-wire transmitter 
(powered by module) 0V 

 
 

AI CH x 
 
 

 
+24V 
Output 

PWR 

+ 
- 

Analog 

Input 

+ 

- 
Analog 

Output 

4-wire transmitter 
(powered externally) 

+ 
- 

AI CH x 

0V 
Analog 

Input 

PWR 
POWER 

SUPPLY 

+ 

- 

3-wire transmitter 
(powered externally) 

+ 
- 

AI CH x 

0V 

Analog 

Input 

PWR 
POWER 

SUPPLY 

+ 

- 

DC pow ered inputs 

and low  voltage AC 
inputs can both be 
used on the one 

module. 

* Optional link for DC SUPPLY  

ONLY. Enables fuse fail LED 
‘FU’ on module. CAUTION! 
When link is installed, a 

maximum voltage of 30V AC 
or DC can be used to power 
the common. 
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10.3 IO-4 Combination Analog/Digital I/O Module 

FEATURES 

 
2 Relay Outputs - SPST 

 
8 Digital Inputs 

 
2 Analog Inputs   

 
This module can be installed in any I/O slot of a 4, 6 or 12 slot backplane system. 
 
 

Analog Inputs 

This module provides two signal ranges, 0 to 20mA and 4 to 20mA. The default range is 4-20mA. A 
link on the rear of the module selects 4-20mA (link installed) or 0-20mA I/O for all channels. 
 
Channel 1 can be optionally configured in the factory for a strain gauge input of range approximately 
50mV. 5V excitation voltage is also supplied from this module. Calibration of the transducer can be 
performed using Toolbox software and the calibration constants are held in non-volatile memory. 
 
Resolution of the converted signals is 12 bits binary (1 part in 4096). The sign bit is not used in the 
conversion process. The placement of the bits within the data word is shown below. 
 
MSB            LSB 

0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 0 0 0 

 
Scaling of the input is shown below. 
 
 

32760 

0 

0 4 20 
Current (mA) 

(4 to 20mA range) 
 

Raw 

Value 
(decimal) 

32760 
 

0 
 0 

 
20 
 Current (mA) 

(0 to 20mA or 0-50mV range) 
 

Raw 

Value 
(decimal) 
 

 
Figure: IO-4 Scaling for Analog Current Input 
 
 
All inputs share a single common and all outputs share a separate common at the zero volt rail. 
 
Input protection for the module is sufficient to guarantee operation with reduced performance with up 
to 1500V common-mode. The module provides electrical isolation of externally generated noise 
between field wiring and the backplane through the use of optical isolation. 
 
To minimise the capacitive loading and noise, all field connections to the module should be wired 
using a good grade of twisted, shielded instrumentation cable. The shields can be connected to E. The 
E connection provides access to the backplane (frame ground). 
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Link for 4-20mA 
operation. Remove 
for 0-20mA 
operation. 
 
Factory default:  
Link installed 

 
Figure: IO-4 Rear Module and Link Location 
 

Digital I/O 

Input characteristics are compatible with a wide range of user supplied input devices, such as push 
buttons, limit switches and electronic proximity switches, whilst outputs can control a wide range of 
user supplied load devices such as: motor starters, solenoids and indicators. Power for the internal 
relay circuits is provided by the +12VDC bus on the backplane. The user must supply the AC or DC 
power to operate field devices. An internal fuse protects the relay contacts should ratings be 
exceeded. 
 
 
 

Module LEDs 

OK FU 

A1 A5 

A2 

A3 

A4 

IO-4 

B1 

A6 B2 

A7 

A8 

 
 

LED State Description 

OFF Module fault (no power) OK 

ON Normal 

OFF Fuse OK FU 

ON Fuse fail 

OFF Digital input OFF A1-A8 

ON Digital input ON 

OFF Digital output OFF (open) B1-B2 

ON Digital output ON (closed) 
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3. Radio 
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E-Series 
  

Generation II 
Remote Data Radio - ER450

The TRIO Datacom ER450 is an advanced high speed digital data radio modem designed for the most complex 
and demanding requirements in both Point-to-Point and Point-to-Multipoint (Multiple Address Radio) SCADA 
and Telemetry systems.

Normally used as a half duplex high performance Remote Data Radio for communicating with the full duplex 
EB450 Base/Repeater or EH450 Redundant 1+1 Base/Repeater stations, the versatile ER450 also serves as a low 
cost full duplex base/repeater or point-to-point-link station in both TRIO Datacom’s E Series and M Series data 
radio systems with the addition of the ERFD450 option, and can provide network management access for remote 
diagnostics in either of these systems.

Features
Radio and Modem

-  True 19,200 bps over-air data rates in 
12.5kHz FCC channels (also 9600 bps) - 
Fully integrated radio, modem and data 
multiplexer

- 128-bit AES encryption  
 (export restrictions may apply)
- 12.5 or 25kHz channel operation
- Fast data turnaround
- Simplex, Half Duplex and Full Duplex  
 (Full Duplex with ERFD450 option)
- Compatible with legacy systems  
 (Non Packet Digital and Bell 202 Modes)
- Full specification operation from  
 -30 to + 60C
- Hazardous Environment Certification -  
 Class I, Division II (Groups A,B,C and D)
- Compact, rugged diecast alloy housing
- Low power consumption with sleep  
 mode operation
- Field upgradable firmware
- Multi-function LED Display
- Digital orderwire option
- DIN Rail mounting kit option  
- VSWR protection

Data Ports

-  Dual independent configurable data ports 
and separate system port

- Compatible with most industry standard  
 data protocols.  
 eg: MODBUS, DNP-3, IEC 870, SEL Mirrored  
 Bits, etc.
- Selectable 300 -57.6 kbps asynchronous  
 RS-232 interface
- Multistream™ simultaneous data streams  
 allow for multiple vendor devices/protocols  
 to be transported on the one radio network
- Flexible data stream routing providing  
 optimum radio channel efficiency
- Internal repeater operation - single radio  
 store and forward
- Channelshare™ unique integrated  
 C/DSMA collision avoidance technology  
 permits simultaneous polling and  
 spontaneous alarm reporting operation in  
 the same system

Network Management and Remote 
 Diagnostics  
(In conjunction with  TVIEW+™ Software)

- Remote fully transparent Network  
 Management and Diagnostics
- Network wide operation from any  
 radio modem
- Full SCADA style features such as  
 database, trending and networking
- Over-the-air modem reconfiguration
- Full graphical presentation (HMI)

Note: Not all product features are available in every mode of operation.
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ER450 
  

Radio
Frequency Range: 370-520 MHz 
(various sub-frequency  
bands available) 
Frequency Splits: Various Tx/Rx
frequency splits - programmable 
Channel Selection: Dual synthesizer,
6.25 kHz channel step 
Channel Spacing: 12.5 or 25 kHz
Frequency Accuracy: ±1ppm (-30 to 
+60C)(-22 to 140F) ambient 
Aging: <= 1ppm/annum
Operational Modes: Simplex, Half 
duplexor Full duplex* 
Configuration: All configuration via 
Windows based software 
Compliances:  
ETSI  EN300113, EN301489,   
  EN60950 
FCC  PART 15, PART 90 
IC  RS119, ICES-001 
ACA  AS4295-1995 (Data) 
CSA  Class I, Division II, Groups 
  (A,B,C,D) for Hazardous 
  Locations ANSI/UL   
  equivalent) 

 
Transmitter 
Tx Power: 0.05 - 5W (+37 dBm) 
1 dB User configurable with  
over-temperature and reverse  
power protection 
Modulation: User configurable 
narrow band digitally filtered binary 
GMSK or 4 level FSK  
Tx Keyup Time: <1mS
Timeout Timer: Programmable 
0-255seconds 
Tx Spurious: <= -37 dBm
PTT Control: Auto (Data) / RTS line 
(Port A or B) / System Port Override

Receiver
Sensitivity: -118 dBm for 
12 dB SINAD 
Selectivity: Better than 60 dB
Intermodulation: Better than 70 dB
Spurious Response: Better 
than 70 dB 
AFC Tracking: Digital receiver 
frequency tracking 
Mute: Programmable digital mute
 

Diagnostics  
Network wide operation from any 
remote terminal.

Non intrusive protocol - runs 
simultaneously with the application.

Over-the-air re-configuration of  
user parameters.

Storage of data error and channel 
occupancy statistics.

In-built Error Rate testing capabilities. 

Connections
User Data Ports: 2 x DB9 female ports
wired as DCE (modem) 
System Port: RJ45 for diagnostic,
configuration and re-programming 
Antenna: N female bulkhead. 
Separate N (Tx) and SMA (Rx) 
connectors for full duplex.* 
Power: 2 pin locking, mating
connector supplied 
LED Display: Multimode Indicators 
for Pwr, Tx, Rx, Sync, TxD and RxD 
data LEDs (for both port A and B) 

Modem
Data Serial Port A: RS232, DCE,
600-57,600 bps asynchronous 
Data Serial Port B: RS232, DCE,
300-38,400 bps asynchronous 
System Port: RS232, 19,200 bps
asynchronous 
Flow Control: Selectable hardware /
software / 3 wire interface 
RF Channel Data Rate:
4800/9600/19,200 bps  
Half / Full duplex* 
Data Buffer: 16 kbyte of 
on-board RAM 
Bit Error Rate:
< 1x10-6 @ -111 dBm (4800 bps)
< 1x10-6 @ -110 dBm (9600 bps)
< 1x10-6 @ -106 dBm (19,200 bps) 
*Please check with your local TRIO  Datacom  
representative. 
Encryption: 128-bit AES encryption
Collision Avoidance: TRIO Datacom’s
unique supervisory Channelshare™ 
collision avoidance system 
Multistream™: TRIO Datacom’s 
unique simultaneous delivery of 
multiple data streams (protocols) 
Data Turnaround Time: <10mS
Firmware: Field upgradable 
Flash memory 

HEAD OFFICE  (AUSTRALIA)
41 Aster Avenue, Carrum Downs, Victoria 3201,  
Tel: +61 3 8773 0100     Fax: +61 3 9775 0606
Sales: sales@triodatacom.com
Support: support@triodatacom.com

NORTH AMERICA
48 Steacie Drive,  Kanata, ON Canada K2K 2A9.
Tel: (613) 287 0786      Fax: (613) 591 1022
Toll Free: (866) 844 8746 (TRIO)
Sales: sales-na@triodatacom.com
Support: support-na@triodatacom.com

EUROPE  (The Netherlands)
Delftse Jaagpad 1B, 2324 AA Leiden
Tel: +31 71 5320936     Fax: +31 71 5321090
Sales: sales-eu@triodatacom.com
Support: support-eu@triodatacom.com

Local regulatory conditions may determine the 
performance and suitability of individual versions 
in different countries. It is the responsibility of 
the buyer to confirm these  regulatory conditions. 
Performance data indicates typical values related 
to the described unit.

Information subject to change without notice. 
© Copyright 2009 TRIO Datacom Pty Ltd.  
All rights reserved. Issue 10-2009

• Export restrictions may apply 
 
 Note: Not all product features are available 
in every mode of operation.

General 
Power Supply: 13.8 Vdc nominal
(10-16 Vdc) 
Temp Range: -30degC to +60degC
Transmit Current: 750 mA nom. @ 1 W
1600 mA nom. @5 W 
Receive Current: <125 mA nom
Shutdown Mode: External control, 
< 10 mA 
Dimensions: Rugged 
Diecast Enclosure 
170 x 150 x 42mm 
6.7 x 5.9 x 1.65 inches 
With Mounting Plate 
190 x 150 x 47mm 
7.5 x 5.9 x 1.85 inches 
Mounting: Fitted Mounting Plate
Weight: 1.27 kg (2.8lbs.)

Options
ERFD450 Full Duplex Operation 
with separate N (Tx) and SMA  
(Rx) connectors 
DUPLX450BR External Duplexer, Band 
Reject (for single  
antenna operation) 
NEMA 4/R Stainless Steel Enclosure
(IP65, NEMA 4 rated) 
TVIEW+™ Configuration, Network
Management and Diagnostic 
Windows GUI Software
DIN Rail mounting kit
Part Number : ER-DIN-KIT*  
*Not offered in all countries.     

 

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
Related Products
EB450 Base Station

EH450 Hot Standby Base Station

MSR/9 Port Stream Router Multiplexer

MR450 Remote Data Radio

* With ERFD450 full duplex option plus 
external duplexer for single antenna 
operation

This device is OPEN type equipment that must be used within 
a suitable end-use system enclosure, the interior of which is 
accessible only through the use of a tool. The suitability of 
the enclosure is subject to investigation by the local Authority 
Having Jurisdiction at the time of installation.
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RFI has been serving the needs of the wireless
 communications market for over 30 years. First founded
as a manufacturer of antenna systems, RFI has grown to
be a key player in the development, manufacturing,
 distribution and integration of wireless technology
 products.

Our long and successful history as a manufacturer has
seen RFI utilize some of the worlds best Mil-Spec cable
and connectors in our own products. RFI’s engineering
experience can now be shared with our customer base
through distribution partnerships with some of the
worlds most reputable suppliers, affording us a huge
 catalogue range.  Additionally we can develop custom
cables and connectors for application specific
 requirements and encourage you to contact us with any
non-standard enquiries for these items.

We also distribute our own RFI branded cables sourced
from some of the most -- modern and technically
advanced manufacturing plants in Taiwan and China. Our
polyethylene (PE) dielectric cables such as 8058, 9006
and 8213 are certified to be free of lead, polybrominated
biphenyl (PBB) and polybrominated diphenyl ether
(PBDE), as well as the other banned substances under
the European RoHS regulations.

The lastest information is always on our website and 
we encourage you to utilise it when needed or -- 

alternatively contact one of our sales specialists for any
further information you may require.

Trademarks

The Abstract Diamond Pattern device is a registered trademark of R F Industries Pty Ltd

RFI is R F Industries Pty Ltd

CINTA™ is a trademark of Andrew Corporation

EASIAX® is a registered trademark of Andrew Corporation

HELIAX® is a registered trademark of Andrew Corporation

SUREGROUND™ is a trademark of Andrew Corporation

PolyPhaser® and LSX® are trade or service marks of Polyphaser Corporation

Corex®
II is a registered trademark of Pressmaster AB 

This catalogue is © 2009 R F Industries Pty Ltd

All rights remain with their respective owners.

Our policy and that of our partners is of continual improvement.

Product materials and specifications are subject to change without notice.

©  2009 Australian and International Copyright
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rfi.com.au2

50 Ohm

Braided Coaxial Cables

Cable Type
RFI 
Part
No.

Jacket 
O.D. 
mm

Construction
Impedance

Ohms

Nominal
Velocity

%

Type of
JacketDielectric

Centre
Conductor

Shield
No. Type Coverage

8178 1.8 Solid PTFE
7 x SCCPS

0.1mm
1 SC Braid 96% 50 69

Tinted 
Brown FEP

RG178 B/U

8174 2.79
Solid

Polyethylene
7 x CCS
0.16mm

1 TC Braid 88% 50 66

Black
PVC Non

Contaminating
UV stabilised

RG174/U

9014 4.62
Cellular

Polyethylene
(Foam)

22 x TC
0.98mm

2
TC Braid 
& Al foil

100% 50 80
Black Non

Contaminating
PVC

RG58 Type

8058 4.9
Solid

Polyethylene
19 x TC
0.98mm

1 TC Braid 89% 50 66

Black 
PVC Non

Contaminating
UV stabilised

RG58 C/U

9001 4.9
Cellular

Polyethylene
(Foam)

19 x TC
0.2mm

1 TC Braid 96% 50 76

Black 
PVC Non

Contaminating
UV stabilised

RG58 CellFoam®

9006 5.1
Cellular

Polyethylene
(Foam)

1 x BC
0.94mm

2
TC Braid 
& Al foil

100% 50 80

Black
PVC Non

Contaminating
UV stabilised

RG58 CellFoil®

8142 4.95 Solid PTFE
1 x SCCPS

0.88mm
2 SC Braids 98% 50 70

Tinted 
Brown FEP

RG142 B/U

9142 4.95 Solid PTFE
19 x SC
0.98mm

2 SC Braids 98% 50 70
Black 

Polyethylene
UV stabilised

RG142 Style

8400 4.95 Solid PTFE
19 x SC
0.98mm

2 SC Braids 98% 50 70
Tinted 

Brown FEP

RG400

8223 5.4
Solid

Polyethylene
1 x SC

0.91mm
2 SC Braids 98% 50 66

Black 
PVC Non

Contaminating
UV stabilised

RG223/U

8213 10.3
Solid

Polyethylene 
7 x BC

2.75mm
1 BC Braid 96% 50 66

Black PVC Non
Contaminating
UV stabilisedRG213

Our polyethelene (PE) dielectric cables such as 8058 and 
8213 have recently (July 2006) been certified to be free of lead
and other banned substances under the European 
RoHS regulations.
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50/75 Ohm

rfi.com.au 3

Braided Coaxial Cables

Cable Type
RFI 
Part
No.

Jacket 
O.D. 
mm

Construction
Impedance

Ohms

Nominal
Velocity

%

Type of
JacketDielectric

Centre
Conductor

Shield
No. Type Coverage

CNT400 10.3
Foam

Polyethylene 
1 x CCA
2.75mm

2
Al Foil TC

Braid
100% 50 87

Black
Polyethylene
UV stabilised

RG8 Style

CNT400DB 10.3
Foam

Polyethylene 
1 x CCA
2.75mm

1
Al Foil TC

Braid
Flooded

100% 50 87
Black

Polyethylene
UV stabilised

CNT400DB

CNT400FR 10.3
Foam

Polyethylene 
1 x CCA
2.75mm

1
Al Foil TC

Braid
100% 50 87

Non
Halogenated

Fire Retardant
Polyolefin

CNT400FR

8214 10.8
Solid

Polyethylene
7 x SC

2.26mm
2 SC Braids 98% 50 66

Black PVC Non
Contaminating
UV stabilised

RG214/U

9005 13.0
Cellular

Polyethylene
(Foam)

1 x BC
3.5mm

2

TC Braid 
& Al foil

on plastic
tape

100% 50 80
Black

Polyethylene
UV stabilised

10DFB Style

8179 2.54 Solid PTFE
7 x SC

0.03mm
1 SC Braid 95% 75 69.5

Tinted 
Brown FEP

RG179

8059 6.15
Solid

Polyethylene
1 x CCS
0.57mm

1 BC Braid 95% 75 66

Black
PVC Non

Contaminating
UV stabilised

RG59B/U

9008 6.15
Solid

Polyethylene
1 x CCS
0.57mm

1 BC Braid 95% 75 66
Black 

Polyethylene
UV stabilised

RG59/U

8062 6.15
Polyethylene
Helix Spiral

1 x CCS
0.64mm

1 x
CCS

0.64m
m

BC Braid 93% 93 84

Black 
PVC Non

Contaminating
UV stabilised

RG62A/U

8011 10.3
Solid

Polyethylene
7 x BC
0.4mm

1 BC Braid 96% 75 66

Black
PVC Non

Contaminating
UV stabilised

RG11A/U

9011 10.3
Foam

Polyethylene
1 x BC

1.62mm
1 BC Braid 97% 75 84

Black 
Polyethylene
UV stabilisedRG11/U
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Andrew Corrugated

rfi.com.au4

RFI is the only Australian Distributor for Andrew Corporation. 
Heliax® coaxial cables are superior to equivalent braided cables
and feature:

Corrugated Heliax® Coaxial Cables

Cable  Type
Jacket 
O.D. 
mm

Construction
Impedance

Ohms

Nominal
Velocity

%
Type of Jacket

Dielectric Centre
Conductor

Shield

No. Type Coverage

7.4
Cellular

Polyethylene
(Foam)

1 x CCA
1.9mm

1
Corrugated

Solid BC
100% 50 84

Black
Polyethylene 
UV stabilised

FSJ1-50 Heliax®

8.8
Low Density
Polyethylene

(Foam)

1 x CCA
2.6mm

1
Corrugated

Solid BC
100% 50 86

Black
Polyethylene 
UV stabilised

LDF1-50 Heliax®

10.5
Cellular

Polyethylene
(Foam)

1 x CCA
2.8mm

1
Corrugated

Solid BC
100% 50 83

Black
Polyethylene 
UV stabilised

FSJ2-50 Heliax®

11.2
Low Density
Polyethylene

(Foam)

1 x CCA
3.1mm

1
Corrugated

Solid BC
100% 50 88

Black
Polyethylene 
UV stabilised

LDF2-50 Heliax®

13.2
Cellular

Polyethylene
(Foam)

1 x CCA
3.6mm

1
Corrugated

Solid BC
100% 50 81

Black
Polyethylene 
UV stabilised

FSJ4-50 Heliax®

16.0
Low Density
Polyethylene

(Foam)

1 x CCA
4.6mm

1
Corrugated

Solid BC
100% 50 88

Black
Polyethylene 
UV stabilised

LDF4-50 Heliax®

27.94
Low Density
Polyethylene

(Foam)

1 x BC 
(Hollow)
9.4mm

1
Corrugated

Solid BC
100% 50 91

Black
Polyethylene 
UV stabilised

AVA5-50 Heliax®

15.49
Polyethylene

Foam
1 x CCA
5.11mm

1
Smoothwall
Alluminium

100% 50 88
Black

Polyethylene UV
Stabilised

FXL-540

27.68
Polyethylene

Foam
1 x BC foam
filled 9.5mm

1
Smoothwall
Alluminium

100% 50 88
Black

Polyethylene UV
Stabilised

FXL-780

39.87
Polyethylene

Foam
1 x BC foam
filled 14.1mm

1
Smoothwall
Alluminium

100% 50 89
Black

Polyethylene UV
Stabilised

FXL-1480

50.29
Polyethylene

Foam
1 x BC foam
filled 18mm

1
Smoothwall
Alluminium

100% 50 88
Black

Polyethylene UV
Stabilised

FXL-1873

• Excellent Intermodulation
Performance

• Complete RF shielding

• Phase stability 
• Low attenuation
• High power capability
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DC & Speaker Cables

rfi.com.au 5

Cat. No. Description
Roll Size

m
Area of Conductor

mm²
Conductor No./Diameter

mm

3T-30 3mm Twin Fig 8 30 1.13 16/0.3

3T-100 3mm Twin Fig 8 100 1.13 16/0.3

4T-30 4mm Twin Fig 8 30 1.84 26/0.3

4T-100 4mm Twin Fig 8 100 1.84 26/0.3

5S-30 5mm Single (Red or Black) 30 2.90 41/0.3

5S-100 5mm Single (Red or Black) 100 2.90 41/0.3

6S-30 6mm Single (Red or Black) 30 4.59 65/0.3

6S-100 6mm Single (Red or Black) 100 4.59 65/0.3

3DS-100 3mm Twin Double Sheath 100 1.13 16/0.3

4DS-30 4mm Twin Double Sheath 30 1.84 26/0.3

4DS-100 4mm Twin Double Sheath 100 1.84 26/0.3

5DS-30 5mm Twin Double Sheath 30 2.90 41/0.3

5DS-100 5mm Twin Double Sheath 100 2.90 41/0.3

6DS-30 6mm Twin Double Sheath 30 4.59 65/0.3

6DS-100 6mm Twin Double Sheath 100 4.59 65/0.3

FPC6B-100 6mm2 Single Core Black 100 6.00 192/0.2

FPC6R-100 6mm2 Single Core Red 100 6.00 192/0.2

FPC10B-100 10mm2 Single Core Black 100 10.00 322/0.2

FPC10R-100 10mm2 Single Core Red 100 10.00 322/0.2

Cat. No. Description
Roll Size

m
Conductor Description

mm

SPK-14 Light Duty Fig 8 100 14/0.14

SPK-24 Heavy Duty Fig 8 100 24/0.2

DC Power Cables

Speaker Cables

4T-100 6DS-100 FPC10R-100 SPK-24
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Cable Assemblies

rfi.com.au6

Model No. Connector A Cable Type Cable Length m Connector B

92-01AM-0.5 TNC Plug RG223 0.5 MPL Plug

92-01AN-0.5 TNC Plug RG223 0.5 UHF Plug

92-01D-0.5 N Plug RG223 0.5 N Plug

92-01D-1 N Plug RG223 1 N Plug

92-01H-0.5 TNC Plug RG223 0.5 BNC Plug

92-01H-1 TNC Plug RG223 1 BNC Plug

92-01L-0.5 TNC Plug RG223 0.5 TNC Plug

92-01L-1 TNC Plug RG223 1 TNC Plug

92-01N-0.5 N Plug RG223 0.5 SMA Plug

92-01N-1 N Plug RG223 1 SMA Plug

92-04B-0.5 N Plug RG214 0.5 BNC Plug

92-04B-1 N Plug RG214 2 BNC Plug

92-04D-0.5 N Plug RG214 0.5 N Plug

92-04D-1 N Plug RG214 1 N Plug

92-04D-2 N Plug RG214 2 N Plug

92-04G-0.5 N Plug RG214 0.5 N Jack

92-04G-1 N Plug RG214 1 N Jack

92-06AE-0.5 BNC Plug RG58 0.5 BNC Jack

92-06AE-1 BNC Plug RG58 1 BNC Jack

92-06B-0.5 N Plug RG58 0.5 BNC Plug

92-06B-1 N Plug RG58 1 BNC Plug

92-07A-0.5 BNC Plug 9006 0.5 BNC Plug

92-07A-1 BNC Plug 9006 1 BNC Plug

92-07B-0.5 N Plug 9006 0.5 BNC Plug

92-07B-0.1 N Plug 9006 1 BNC Plug

92-07D-0.5 N Plug 9006 0.5 N Plug

92-07D-1 N Plug 9006 1 N Plug
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Cable Assemblies

rfi.com.au 7

Model No. Connector A Cable Type Cable Length m Connector B

92-07D-1.5 N Plug 9006 10.5 N Plug

92-07D-3 N Plug 9006 3 N Plug

92-07D-5 N Plug 9006 0.5 N Plug

92-07G-0.5 N Plug 9006 0.5 N Jack

92-07G-1 N Plug 9006 1 N Jack

92-07L-0.5 N Plug 9006 0.5 TNC-RG Plug

92-07L-1 N Plug 9006 1 TNC-RG Plug

92-07M-0.5 N Plug 9006 0.5 BNC-RG Plug

92-07M-1 N Plug 9006 1 BNC-RG Plug

92-07P-0.5 N Plug 9006 0.5 SMA-RG Plug

92-07P-0.1 N Plug 9006 1 SMA-RG Plug

92-09D-0.5 N Plug CNT-400 0.5 N Plug

92-09D-1 N Plug CNT-400 1 N Plug

92-09D-3 N Plug CNT-400 3 N Plug

92-09D-10 N Plug CNT-400 10 N Plug

92-09D-15 N Plug CNT-400 15 N Plug

92-09D-20 N Plug CNT-400 20 N Plug

92-09G-0.5 N Plug CNT-400 0.5 N Jack

92-09G-1 N Plug CNT-400 1 N Jack

92-09G-3 N Plug CNT-400 3 N Jack

92-09G-10 N Plug CNT-400 10 N Jack

92-09G-15 N Plug CNT-400 15 N Jack

92-09G-20 N Plug CNT-400 20 N Jack

92-09W-1 N Jack CNT-400 1 N Jack

92-09W-10 N Jack CNT-400 10 N Jack

92-09W-15 N Jack CNT-400 15 N Jack

92-09W-20 N Jack CNT-400 20 N Jack

Notes
RT Reverse Thread BH Bulk Head Mount MC90 MC card connector, plug, right angle
RG Reverse Gender RA Right Angle 9006 RG58 A/U style similar to XXX195 cables

9014 RG58 thin net cable
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Cable Assemblies
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Cable Assemblies

Model No. Connector A Cable Type Cable Length m Connector B

S-1780 N Plug RG316 0.28 MC90

S-1782 N Plug 9006 0.3 SMA Plug

S-1784 N Plug 9006 3 SMA Plug

S-1785 N Plug 9006 3 SMA RT Plug

S-1786 N Plug 9006 0.5 SMA RG Plug

S-1787 N Plug 9006 0.5 SMA Plug

S-1788 MMCX RA Plug RG316 0.3 SMA Jack

S-1793 MMCX Plug RG174 0.145 SMA Plug

S-1794 MC 90 RG174 0.3 SMA Jack

S-1795 SMA RG Plug 9006 3 SMA RG Plug

S-1800 MCX RA RG174 0.12 BNC Jack

S-1801 MCX RA RG174 0.12 TNC Jack

S-1806 N Plug 9014 0.3 SMA RA Plug

S-1807 N Plug 9014 0.45 SMA RA Plug

S-1808 SMA RA Plug RG316 0.3 SMA BH Jack

S-1809 TNC Plug RG316 0.3 TNC BH Jack

S-1811 FME BH Plug RG316 0.3 FME Jack

S-1812 FME Plug RG174 0.15 MC90

Notes
RT Reverse Thread BH Bulk Head Mount MC90 MC card connector, plug, right angle
RG Reverse Gender RA Right Angle 9006 RG58 A/U style similar to XXX195 cables

9014 RG58 thin net cable
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Model No. Connector A Cable Type Cable Length m Connector B

L4A-PDMDM-1M 7-16 DIN PLUG LDF4-50 1 7-16 DIN PLUG

L4A-PDMDM-1M5 7-16 DIN PLUG LDF4-50 1.5 7-16 DIN PLUG

L4A-PDMDM-2M 7-16 DIN PLUG LDF4-50 2 7-16 DIN PLUG

L4A-PDMDM-3M 7-16 DIN PLUG LDF4-50 3 7-16 DIN PLUG

L4A-PDMDM-5M 7-16 DIN PLUG LDF4-50 5 7-16 DIN PLUG

F4A-PDMDM-1M 7-16 DIN PLUG FSJ4-50 1 7-16 DIN PLUG

F4A-PDMDM-1M5 7-16 DIN PLUG FSJ4-50 1.5 7-16 DIN PLUG

F4A-PDMDM-2M 7-16 DIN PLUG FSJ4-50 2 7-16 DIN PLUG

F4A-PDMDM-3M 7-16 DIN PLUG FSJ4-50 3 7-16 DIN PLUG

F4A-PDMDM-5M 7-16 DIN PLUG FSJ4-50 5 7-16 DIN PLUG

L4A-PNMNM-1M N PLUG LDF4-50 1 N PLUG

L4A-PNMNM-1M5 N PLUG LDF4-50 1.5 N PLUG

L4A-PNMNM-2M N PLUG LDF4-50 2 N PLUG

L4A-PNMNM-3M N PLUG LDF4-50 3 N PLUG

L4A-PNMNM-5M N PLUG LDF4-50 5 N PLUG

F4A-PNMNM-1M N PLUG FSJ4-50 1 N PLUG

F4A-PNMNM-1M5 N PLUG FSJ4-50 1.5 N PLUG

F4A-PNMNM-2M N PLUG FSJ4-50 2 N PLUG

F4A-PNMNM-3M N PLUG FSJ4-50 3 N PLUG

F4A-PNMNM-5M N PLUG FSJ4-50 5 N PLUG

RFICable_Conn_Cat30_2009:Layout 1  11/02/2009  11:15 AM  Page 9

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 71 of 314



RFICable_Conn_Cat30_2009:Layout 1  11/02/2009  11:15 AM  Page 10

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 72 of 314



11

c
o
n

n
e
c
to

rs
RFI have a comprehensive

range of high performance

connectors to suit all

applications of wireless

telecommunications.

Connector families offered

include N, UHF, TNC and

BNC series as well as mini

connectors such as FME,

SMA, Mini-UHF and MMCX.
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7-16 DIN

Model. No. Description Cable Type Centre Conductor Crimp Set* or Tool

7-16 DIN Plugs

400PDM Clamp Tri Metal Plated CNT-400, LMR-400 Solder BCPT3400

L4TDM-PS Positive Stop LDF4-50 Captive CPT-L4ARC1/MCPT-L4

AL5DM-PSA Positive Stop AVA5-50, AL5-50 Captive CPT-78U/MCPT-78

AL7DM-PSA Positive Stop AVA7-50, AL7-50 Captive CPT-158U

F1PDM Clamp Self Flare FSJ1-50 Solder CPT-LI/MCPT1412

F4PDMV2-C Self Flare FSJ4-50 Captive CPT-F4/MCPT1412

F4PDR-C Right Angle Self Flare FSJ4-50 Captive CPT-F4/MCPT1412

12EZDM Clamp Tri Metal Plated FXL-540 Captive 540-EZPT/12HPT

78EZDM Clamp Tri Metal Plated FXL-780 Captive 780-EZPT/78HPT

114EZDM Clamp Tri Metal Plated FXL-1480 Captive 1480-PT/158-HPT

158EZDM Clamp Tri Metal Plated FXL-1873 Captive 1873-PT/158-HPT

Jacks

400PDF Clamp Tri Metal Plated CNT-400, LMR-400 Solder BCPT3400

L4TDF-PS Positive Stop LDF4-50 Captive CPT-L4ARCI/MCPT-L4

AL5DF-PSA Positive Stop AVA5-50, AL5-50 Captive CPT-78U/MCPT-78

AL7DF-PSA Positive Stop AVA7-50, AL7-50 Captive CPT-158U

F4PDF-C Self Flare FSJ4-50 Captive CPT-F4/MCPT1412

716-01 Panel Mount Crimp RG142 Solder RCT-5859

716-04 Panel Mount - Low PIM Solder Pot Solder

12EZDF Clamp Tri Metal Plated FXL-540 Captive 540-EZPT/12HPT

78EZDF Clamp Tri Metal Plated FXL-780 Captive 780-EZPT/78HPT

114EZDF Clamp Tri Metal Plated FXL-1480 Captive 1480-PT/114HPT

158EZDF Clamp Tri Metal Plated FXL-1873 Captive 1873-PT/158HPT

716-A911-004 Panel Mount - 1” Sq. Flange Solder Pot Solder

Adapters

716-10 Female to Female Barrel

CA-TNFDF DIN Female to N Female

CA-TNFDM DIN Male to N Female

Other 7-16 DIN connectors to suit most popular cables available on request
* See Page 24 for Crimp Tools Matrix and Page 25 for Cable Prep Tools
** All listed N connectors feature the standard 50 Ohm interface dimensions.  75 Ohm interface dimensional connectors and an expanded range

of other N connectors are available.  Contact your nearest sales office for details.
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Model. No. Description Cable Type Centre Conductor Crimp Set* or Tool

Cable Jacks

N-28 Clamp - Nickel RG213, RG214 Solder, captive CST-213

N-30 Clamp - Nickel RG58, 9001, 9006 Solder, captive CST-399

N-96 Crimp - Silver plated RG142, RG223 Crimp, captive A

N-98 Crimp - Silver plated RG58, 9001, 9006 Crimp, captive A

N-118 Crimp - Nickel RG213 Crimp, captive C

N-200 Crimp, White Bronze plated CNT400, LMR400 Spring finger D

400PNF-C-CR Crimp Tri Metal Plated CNT-400, LMR-400 Spring Finger BCPT-3400/RCT-214

N-202 Crimp, Nickel plated CNT400, LMR400 Spring finger D

N-204 Crimp, Nickel plated CNT400, LMR400 Solder, captive D

N-210 Crimp, Silver plated RG59 Crimp, captive B

N-285 Crimp, Silver plated RG214 Crimp, captive D

L4TNF-PS Ring Flare LDF4-50, RXL4-50 Captive, spring finger EASIAX® Plus

AL5NF-PSA One Piece Ring Flare AVA5-50/AL5-50 Captive, spring finger EASIAX® Plus

12EZNF Clamp Tri Metal Plated FXL-540 Captive 540-EZPT/12 HPT

78EZNF Clamp Tri Metal Plated FXL-780 Captive 780-EZPT/78 HPT

114EZNF Clamp Tri Metal Plated FXL-1480 Captive 1480-EZPT/114 HPT

158EZNF Clamp Tri Metal Plated FXL-1873 Captive 1873-EZPT/158 HPT

AL7NF-PS Ringflare AVA7-50/AL7-50 Captive, spring finger CPTL7

F4PNF-C Clamp, Self Flare FSJ4-50 Captive, spring finger EASIAX®

Panel Mount Jacks Mounting size and direction

N-09 Flange Mount, nickle plated Solder pot, captive 11mm (front) 16mm (rear)

N-12 Bulkhead mount Solder pot, captive 13mm (front)

N-20 Bulkhead mount, silver plated Solder pot, captive 13mm (front)

N-38 Cable mounted, bulkhead, RG213 Solder pot, captive 16mm (front) 13.5mm across flat

400PNF-BHC Clamp Tri Metal Plated B/H Spring Finger BCPT-3400

N-120 Flange mount, silver plated Solder pot, captive 16mm (front) 15mm (rear)

N-213 Cable mounted flange, nickle plated RG213 Crimp, captive 18mm (front) 16mm (rear)

N-237 Cable mounted flange, nickle plated RG58 Solder, captive 13mm (front) 16mm (rear)

N-288 Cable mounted bulkhead nickel plated RG58, 9001, 9006 Crimp, captive 16mm (rear) 13.7mm across flats

Adaptors

N-10 F-F barrel

N-48 F-F-F Tee adaptor

N-49 M-F-F Tee adaptor

N-243 M-M barrel, Nickel plated

N-245 M-F Right angle adaptor, nickel plated

N Series

N Connectors are medium size threaded couplers which will
operate between DC to 11 GHz. Offering consistent low
broadband VSWR, they have proved very popular over the years
in mobile radio applications and are often used in high vibration
installations. Their threaded design guaranteeing a stable
connection. 

* See Page 24 for Crimp Tools Matrix and Page 25 for Cable Prep Tools
** All listed N connectors feature the standard 50 Ohm interface dimensions.  75 Ohm interface dimensional connectors and

an expanded range of other N connectors are available.  Contact your nearest sales office for details.
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N Series

Available in crimp, clamp, spring finger, solder and a variety of
finishes including silver and white bronze. 

Model. No. Description Cable Type Centre Conductor Crimp Set* or Tool

Cable Plugs

400PNM Clamp Tri Metal Plated CNT-400, LMR-400 Solder BCPT-3400

F4PNMV2-HC Self Flare FSJ4-50 Captive, Spring finger MCPT-1412

F4PNR-C Right Angle Self Flare FSJ4-50 Captive, Spring finger MCPT-1412

L4TNM-PS Ringflare LDF4-50 Captive, Spring finger MCPT-L4

AL5NM-PSA Self Flare AVA5-50/AL5-50 Captive, Spring finger MCPT-78

AL7NM-PSA Ringflare AVA7-50/AL7-50 Captive, Spring finger CPTL7

12EZNM Clamp Tri Metal Plated FXL-540 Captive 540-E2PT/12HPT

78EZNM Clamp Tri Metal Plated FXL-780 Captive 780-E2PT/78HPT

114EZM Clamp Tri Metal Plated FXL-1480 Captive 1480-PT/114HPT

158EZNM Clamp Tri Metal Plated FXL-1873 Captive 1873-PT/158HPT

Cable Jacks

400PNF Clamp Tri Metal Plated CNT-400, LMR-400 Solder BCPT-3400

* See Pages 24 for Crimp Tools Matrix

N-118 N-30 N-204 N-288 N-28

AL5NM-PS L4TNM-PS N-119 N-284 N-201
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N Series

Model. No. Description Cable Type Centre Conductor Crimp Set* or Tool

Cable Plugs

N-07 Clamp - Silver Plated RG213 Solder, captive -

N-15 Clamp - Nickel RG58, 9001, 9006 Solder, captive -

N-41 Right angle clamp RG58, 9001, 9006 Solder, captive -

N-87 Crimp - Silver plated RG142, RG223 Crimp, captive A

N-88 Crimp - Nickel RG58, 9001, 9006 Crimp, captive A

N-89 Crimp - Silver plated RG58, 9001, 9006 Crimp, captive A

N-95 Right angle crimp RG58 Crimp, captive A

N-114 Crimp - Nickel RG213 Crimp, captive C

N-119 Crimp - Nickel plated RG214 Crimp, captive D

N-201 Crimp - White bronze plated CNT400, LMR400 Spring finger D

N-203 Crimp - Nickel plated CNT400, LMR400 Spring finger D

N-205 Crimp - Nickel plated CNT400, LMR400 Solder, captive D

N-223 Crimp - Nickel plated RG142, RG223 Crimp, captive A

N-258 Right angle clamp RG213, RG214 Solder, captive -

N-284 Crimp RG214 Crimp, captive D

NP-10DFB Clamp - Nickel 9005 Solder -

L4TNM-PC Ringflare, Positive Stop LDF4-50, RXL4-50 Captive, spring finger CPT-L4ARCI/MCPT-L4

L4TNR-HC
Right angle clamp, 

Postive Stop
LDF4-50, RXL4-50 Captive, spring finger CPT-L4ARCI/MCPT-L4

F1PNM-HC Hex Head, Self-Flare FSJ1-50 Captive, spring finger CPT-LI/MCPT-1412

F2PNM-HC Hex Head, Self-Flare FSJ2-50 Captive, spring finger MLPT-3812

F4PMV2-C Hex Head, Crush-Flare FSJ4-50 Captive, spring finger CPT-F4/MCPT-1412

400PNM-H-CR Crimp Tri Metal Plated Hex CNT-400, LMR-400 Solder D

400PNM-HC-CR Crimp Tri Metal Plated Hex CNT-400, LMR-400 Spring finger D

* See Page 24 for Crimp Tools Matrix and Page 25 for Cable Prep Tools
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UHF Series

One of the first coaxial connectors developed the UHF connector
will operate between DC to 600 MHz. A low cost threaded
connector, the UHF series is popular in CB and lower frequency
mobile radio applications. Available in twist on, crimp and solder
clamp versions.

Model. No. Description Cable Type Centre Conductor Crimp Set* or Tool

Cable Plugs

UHF-21 Clamp - Silver plated RG58, 9001, 9006 Solder CST-399

UHF-44 Crimp - Nickel RG58, 9001, 9006 Crimp, captive A

UHF-66 Clamp - Right-angle plug RG58 Solder, captive CST-399

UHF-104 Twist on nickel RG58, 9001, 9006 Crimp, captive A

UHF-119 Crimp - Nickel RG58, 9001, 9006 Crimp, captive A

UHF-204 Screw thread nickel RG58, 9001, 9006 Solder, captive CST-399

UHF-45 Crimp - Nickel RG59 Crimp, captive B

UHF-46 Crimp - Nickel RG213 Crimp, captive C

UHF-27 Twist on - Nickel RG213, RG214 Solder CST-213

UHF-04 Clamp - Silver plated RG213, RG214 Solder, captive CST-213

MP10FB Solder - Nickel plated 9005, 10DFB Solder -

* See Page 24 for Crimp Tools Matrix and Page 25 for Cable Prep Tools

UHF connectors are non-constant impedance connectors suited for use at frequencies not exceeding 300 MHz.  However,  to
ensure maximum performance at higher frequencies all UHF Series male connectors feature a high strength PTFE dielectric
with the exception of the “CB style” connectors UHF-104, UHF-204 and UHF-27.

UHF-04 UHF-21 UHF-27 UHF-44

UHF-46 UHF-66 UHF-104 UHF-204
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UHF Series

L44U UHF-14 UHF-15 UHF-16

UHF-36 UHF-67 UHF-116 MBC-WD

Model. No. Description Cable Type Centre Conductor

Cable Jacks

UHF-36 Solder - Nickel plated RG213, RG214 Solder

Panel Mount Jacks Mounting size and direction

UHF-67 Flange Mount RG58 Clamp 9.5mm (front)

UHF-28 Bulkhead - Nickel plated Solder pot 12.5mm (front)

UHF-60 Flange Mount - Nickel plated Solder pot 15mm (front) 16mm (rear)

UHF-117 Bulkhead - Nickel plated Solder pot 16mm (front)

MBC Bulkhead Nickel plated RG58 Screw fit /Solder 16mm (rear)

MBC-WD Bulkhead Nickel Plated water resistant RG58/RG174 Crimp/solder 16mm (rear)

Adaptors

UHF-14 Double female barrel

UHF-15 Double female bulkhead - Nickel plated

UHF-32 T-Adaptor (2 female) - Nickel plated

UHF-116 Double male barrel - Nickel plated

UHF-16 90 degree, male/female - Nickel plated

UHF connectors are non-constant impedance connectors suited for use at frequencies not exceeding 600 MHz.  However, to
ensure maximum performance at higher frequencies all UHF Series female connectors feature a high strength PTFE dielectric
with the exception of the “CB style” UHF-15, UHF-32 and UHF-60.
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TNC Series
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TNC-33 TNC-88 TNC-206RG TNC-207RG

TNC-01 TNC-26 TNC-26RG TNC-26RT

Model. No. Description Cable Type Centre Conductor Crimp Set* or Tool

Cable Plugs

TNC-01 Solder - Nickel plated RG58, 9001, 9006 Solder CST-399

TNC-26 Crimp - Nickel plated RG58, 9001, 9006 Crimp, captive A

TNC-26RG Reverse gender - Nickel plated RG58, 9001, 9006 Crimp A

TNC-26RT Reverse thread - Nickel plated RG58, 9001, 9006 Crimp A

TNC-223 Crimp - Nickel plated RG223 Crimp, captive A

TNC-207 Crimp - Nickel plated CNT-400 Solder D

TNC-207RG Reverse gender crimp - Nickel plated CNT-400 Solder D

BR400PTM-C Clamp - Silver plated BR-400 Spring Finger, captive D

Cable Jacks

TNC-86 Crimp - Nickel plated RG58, 9001, 9006 Crimp, captive A

TNC-86RG Reverse gender crimp - Nickel plated RG58, 9001, 9006 Crimp, captive A

TNC-206RG Crimp - Nickel plated CNT-400 Solder D

Panel Mount Jacks Mounting size and direction

TNC-33 Bulkhead - Nickel plated Solder pot, captive 9.5mm (rear)

TNC-88 Cable mount, bulkhead - Nickel plated RG58, 9001, 9006 Crimp, captive 13mm (front) A crimp set

Adaptors

TNC-11 Double female barrel - Nickel plated

TNC-15 90 degree male/female - Nickel plated

TNC-42 Double female bulkhead - Nickel plated

* See Page 24 for Crimp Tools Matrix and Page 25 for Cable Prep Tools

TNC connectors will operate from DC to 11 GHz. TNC
connectors are widely accepted mobile phone 1 installations
and also for wireless data applications. Their threaded design
offers a precision fit, positive mating and support against
vibration.

Available in crimp and solder clamp styles as well as silver or
nickel plating. All feature gold plated centre conductors.
Reverse gender plugs and jacks have been developed for 
WiFi applications. 

RFICable_Conn_Cat30_2009:Layout 1  13/02/2009  11:18 AM  Page 18

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 80 of 314



rfi.com.au 19

BNC Series

BNC connectors are similar to the TNC series but instead of a
thread they use a bayonet coupling mechanism allowing a
quicker connect/disconnect. BNC connectors are generally used
within an operating range of DC to 4 GHz and are popular with
many wireless applications requiring frequent connection and
disconnection such as test equipment. Also available in reverse
gender versions. 

Model. No. Description Cable Type Centre Conductor Crimp Set* or Tool

Cable Plugs

BNC-04 Clamp RG58, 9001, 9006 Solder CST-399

BNC-07 Clamp RG59 Solder CST-399

BNC-09 Clamp RG213 Solder, captive CST-213

BNC-10 Crimp RG214 Crimp, captice CST-214

BNC-97 Crimp RG59 Crimp, captive B

BNC-113 Crimp RG58, 9001, 9006 Crimp, captive A

BNC-113RG Crimp RG58, 9001, 9006 Crimp, captive A

BNC-142 Crimp - Silver plated RG142, RG223, RG400 Crimp, captive A

BNC-174 Crimp RG174 Crimp, captive E

BNC-223 Crimp RG223, RG142 Crimp, captive A

BNC-239 Right angle crimp RG58, 9001, 9006 Crimp, captive A

FIPBM-C Clamp FSJ1-50 Captive MCPT-1412

Cable Jacks

BNC-86 Crimp RG58, 9001, 9006 Crimp, captive A

BNC-87 Crimp RG59 Crimp, captive B

Panel Mount Jacks Mounting size and direction

BNC-27 Flange mount (four holes) Solder Pot Solder captive 11.5mm (front), 8.5 (rear)

BNC-33 Bulkhead mount Solder Pot Solder captive 9.7mm (front)

BNC-88 Bulkhead mount RG58, R9001, 9006 Crimp, captive 13mm (rear) A - crimp set

Adaptors

BNC-41 F-F barrel

BNC-49 M-F Right angle adaptor

BNC-51 M-M barrel

BNC-54 M-F-F Tee adaptor

BNC-80 F-F-F Tee adaptor

* See Page 24 for Crimp Tools Matrix and Page 25 for Cable Prep Tools
** All listed BNC connectors feature the standard 50 Ohm interface dimensions.  75 Ohm interface dimensional connectors
and an expanded range of other BNC connectors are available.  Contact your nearest sales office for details.

BNC-04 BNC-27 BNC-33 BNC-41 BNC-51

BNC-54BNC-86 BNC-88 BNC-97 BNC-174
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Miscellaneous
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Mini-UHF Series
Mini-UHF connectors gained popularity in cellular mobile
telephone applications as a low cost miniature threaded coupler.
Capable of operation from DC to 2.5 GHz they are a small,
lightweight and cost effective solution for many wireless
requirements.

SMA Series
SMA connectors are a miniature coaxial connector used for higher
specification requirements with a precision threaded coupling
mechanism. They are a light weight, high strength connector
capable of operation up to 12 GHz. Available in nickel or gold
plated bodies all feature gold plated pins and Teflon dielectric.
Reverse gender connectors provide connection options to many
Wi-Fi and Wireless LAN installations. 

FME Series
A low cost lightweight threaded solution for high vibration
installations, the FME connector series have gained popularity
worldwide in cellular mobile applications, and are also known as
rotating nipple connectors. They are generally used up to 1.8 GHz
and can be mated to a range of adapters to match different
connector series in an installation. 

MMCX Series
Designed for the smallest of applications, MMCX connectors
provide reliable performance up to 6 GHz. They mate using a snap
on mechanism which also provides precision performance in the
latest wireless applications such as GPS tracking and telematics.
All connectors feature gold plated bodies, pins and Teflon
dielectric. 

FME-101 FME-150 MMCX-03 MPL-604 SMA-186

SMA-06 SMA-104 SMA-104RG SMA-174 MMCX
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Model. No. Description Cable Type Centre Conductor Crimp Set*

Cable Plugs

FME-150 FME Crimp - Nickel plated RG174, RG316, RG179 Crimp, captive E

MCX-02 MCX Crimp - Gold plated RG174, RG316, RG179 Solder E

MMCX-01 MMCX Crimp - Gold plated RG174, RG316, RG179 Solder E

MMCX-02 MMCX Crimp - Gold plated RG174, RG316, RG179 Crimp E

SMA-174 SMA Crimp - Gold plated RG174, RG316, RG179 Crimp E

FME-116 FME Plug to Plug adaptor - Nickel plated RG58, 9001, 9006 Captive -

FME-120 FME Nipple, crimp, male - Nickel plated RG58, 9001, 9006 Crimp A

MPL-604 Mini UHF crimp - Nickel plated RG58, 9001, 9006 Crimp, captive A

MPL-605 Mini UHF crimp - Black chrome RG58, 9001, 9006 Crimp, captive A

SMA-40 SMA Crimp black - Chrome RG58, 9001, 9006 Crimp A

SMA-104 SMA Crimp, Pulse - Nickel plated RG58, 9001, 9006 Crimp A (centre - 1.09mm)

SMA-104KN SMA Knurled nut interface - Black chrome RG58, 9001, 9006 Crimp A (centre - 1.09mm)

SMA-104RG SMA Reverse gender - Nickel plated RG58, 9001, 9006 Crimp A (centre - 1.09mm)

SMA-104RT SMA Reverse thread - Gold plated RG58, 9001, 9006 Crimp A (centre - 1.09mm)

Cable Jacks

FME-140 FME Crimp - Nickel plated RG174, RG316, RG179 Crimp, captive E

MMCX-03 MMCX Crimp - Gold plated RG174, RG316, RG179 Solder E

FME-101 FME Crimp - Nickel plated RG58, 9001, 9006 Crimp A

MPL-86 Mini UHF - Nickel plated RG58, 9001, 9006 Crimp A

SMA-186 SMA Crimp - Gold plated RG58, 9001, 9006 Crimp A (centre - 1.09mm)

Panel Mount Jacks

SMA-05 SMA Bulkhead - Gold plated - Solder pot 6.4mm (front)

SMA-06 SMA Cable mount bulkhead - Gold plated RG174, RG316, RG179 Crimp 6.4mm (rear)

SMA-07 SMA Cable mount bulkhead - Gold plated RG58, 9001, 9006 Crimp 6.4mm (rear)

SMA-08 Press mount jack RG174, RG316, RG179 Solder pot 6.85mm (diameter
over knurl)

QMA-01 Press mount jack - Solder pot 6.85mm (diameter
over knurl)(rear)

*See Page 24 for Crimp Tools Matrix
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Inter Series Adaptors

Inter Series Adaptors

N UHF BNC TNC FME SMA MPL 716 DIN

Plug Jack Plug Jack Plug Jack Plug Jack Plug Jack Plug Jack Plug Jack Plug Jack

N
Plug N-243 – A-01 A-03 – – – – A-89 – – – – – CA-PNMDM CA-PNMDM

Jack – N-10 – – A-06 A-29 A-18 – – – A-74 A-98 – – CA-PNFDM CA-PNFDF

UHF
Plug A-01 – UHF-116 – – A-08 – – A-76 – – – – – – –

Jack A-03 – – UHF-14 A-09 – – – – – – – A-97 – – –

BNC
Plug – A-06 – A-09 BNC-51 – – A-19 A-91 – – – – – – –

Jack – A-29 – – – BNC-41 A-20 – – – – A-20 A-80 – – –

TNC
Plug – A-18 – – – A-20 – – A-86 – – A-78 – – – –

Jack – – – – A-19 – – TNC-11 – – A-82 A-85 A-83 – – –

FME
Plug A-89 – A-76 – A-91 – A-86 – FME-116 – A-88 – – – – –

Jack – – – – – – – – – – – – – – – –

SMA
Plug – A-74 – – – – – A-82 A-88 – – – – – – –

Jack – A-98 – – – A-90 A-78 A-85 – – – – – – – –

MPL
Plug – – – A-97 – A-80 – A-83 A-87 – – A-77 – – – –

Jack – – – – – – – – – – – – – – – –

716
DIN

Plug CA-PNMDM CA-PNFDM – – – – – – – – – – – – – –

Jack CA-PNMDF CA-PNFDF – – – – – – – – – – – – – –

AK-30 Technicians Adapter Kit Standard Connectors AK-40 Technicians Adapter Kit Miniature and Sub Miniature

Quantity Quantity Quantity

6 Joiners 6 Joiners

2 UHF Plug 1 UHF Plug 1 MMCX Plug

2 UHF Jack 1 UHF Jack 1 MMCX Jack

2 Mini UHF Plug 1 Mini UHF Plug 1 SSMB Plug

2 Mini UHF Jack 1 Mini UHF Jack 1 SSMB Jack

2 N Plug 1 N Plug 1 MCX Plug

2 N Jack 1 N Jack 1 MCX Jack

2 BNC Plug 1 BNC Plug 1 SMC Plug

2 BNC Jack 1 BNC Jack 1 SMC Jack

2 TNC Plug 1 TNC Plug 1 SMB Plug

2 TNC Jack 1 TNC Jack 1 SMB Jack

2 SMA Plug 1 FME Plug 1 SMA Plug

2 SMA Jack 1 FME Jack 1 SMA Jack

The variety of terminations on equipment in service is

rapidly increasing. MMCX and SMB connectors are now

commonplace and the AK-40 adaptor kit contains the

parts you need to interface to these connectors.

The AK-30 coaxial kit allows virtually

any test adaptor to be made up in

seconds.
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RFI have a comprehensive

range of tools to assist you

with installation. Check out

our technical information on

page 29.
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Tools

Coaxial Crimp Tools

Cutting and Stripping Tools and Accessories

Part No. Description Illustration

RCT5859 Swedish manufactured ratchet style crimp
tool to suit:

• RG58 • RG142
• RG223 • RG59
• RG400

Crimp Set A + B fitted RCT5859

RCT-213 Ratchet style crimp tool for RG213
connectors.  Comfort Grip handles.  
Swedish manufacture.

Crimp Set C fitted

RCT-213

RCT-214 Ratchet style crimp tool to suit RG214 and
RG63 connectors.  Comfort Grip handles.
Swedish manufacture.

Crimp Set D fitted

RCT-214

RCT-174 Ratchet style crimp tool to suit RG174,
RG316, and RG179 connectors.  Comfort
Grip handles.  Swedish manufacture.

Crimp Set E fitted

RCT-174

RCT-301G Multi purpose tool includes 1.09mm jaw
for SMA centre pin crimps and suits:

• RG58
• RG59
• RG179
• RG174
• RG316 RCT-301G

RCT-330K Crimp tool with interchangeable jaws for
cables from RG214 down to RG174.
Comes packaged in a robust plastic case
with cable cutter, stripper and screwdriver.

RCT-330K

Part No. Description Illustration

CST-001 Cable stripping tool for 32 to 8 AWG
wires.  Adjustable length stop,
integrated cable cutter, strips single or
twin wires.  Swedish precision tool.

CST-001
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Tools

Part No. Description Illustration

CST-399 Coaxial cable stripping tool - Corex 2
3 blade cutter.  Adjustable blade height, reversable blade cartridge.  Swedish
precision tool to suit:

• RG58 • RG316
• RG59 • RG6
• RG62 • RG195
• RG174 • RG180
• RG188 CST-399

CST-213 Coaxial cable stripping tool - Maxi Corex
3 blade cutter.  Adjustable blade height, reversable blade cartridge.  Packaged in
robust plastic case and comes complete with knife and adjustment tool.
Swedish precision tool to suit:

• RG213 • RG6
• RG214 • Twinax & Ethernet cables

CST-213

EASIAX® Cable prep tool
Hand tool for fast precision cuts in Heliax® cables.  Available for:

• FSJ1 and 4 (MCPT-1412)
• FSJ2 and 4 (MCPT-3812)
• LDF4 and RXL4 (MCPT-L4)
• LDF5 and RXL5 (MCPT-78) MCPT-L4

EASIAX®

Plus
Automated cable prep tool
Fit to a standard power or battery drill for fast, reliable cable preparation in
seconds.  Removes jacket outer conducter and foam, then cuts back and
chamfers the inner conductor for correct connector attachment.  Available for
cables from LDF1-50 through to LDF7-50.

• LDF1-50 (CPTL1) • LDF5-50 (CPTL5A)
• LDF2-50 (CPT-E2L2N) • LDF6-50 (CPTL6)
• LDF4-50 (CPT-L4ARC1) • LDF7-50 (CPTL7) CPT-L4ARC1

EZfit® Automated cable prep tool
Fit to a standard power or battery drill for fast, reliable cable preparation in
seconds.  This is a one step inner insulation and outer jacket coring coring tool.
Removes jacket outer conducter and foam, then cuts back and chamfers the
inner conductor for correct connector attachment.  Available for cables from
540EZfit® series.

540-EZPT

EZfit® Hand prep tool
The new range of EZfit® HPT hand prep tools provides a one step outer jacket
coring and eliminates the need for power tools. Works well on both corrugated
and smooth wall cables. Includes interchangeable flanging bits for corrugated
and smoothwall.

• 12-HPT • 114-HPT
• 78-HPT 12-HPT

EZfit® Mid Span Strippers
The new 780-MSS is a one-step jacket stripping tool removes the baned jacket
in preparation for attaching a grounding strip.

780-MSS
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Cable Clamps

Item Part No. Description

KwikClamp Ideal for installing multiple runs (1, 2 or 3) on towers where space is limited.  Self clamping hangers
eliminate the need for drilling or adapters.

L4CLAMP-RDN-1 Multi-run hanger, self clamp (1 run) suits LDF4-50

L4CLAMP-RDN-2 Multi-run hanger, self clamp (2 runs) suits LDF4-50

L5CLAMP-RDN-1 Multi-run hanger, self clamp (1 run) suits LDF5-50

L5CLAMP-RDN-2 Multi-run hanger, self clamp (2 runs) suits LDF5-50

L6CLAMP-RDN-1 Multi-run hanger, self clamp (1 run) suits LDF6-50

L6CLAMP-RDN-2 Multi-run hanger, self clamp (2 runs) suits LDF6-50

L7CLAMP-RDN-1 Multi-run hanger, self clamp (1 run) suits LDF7-50

L7CLAMP-RDN-2 Multi-run hanger, self clamp (2 runs) suits LDF7-50

Angle Adapter Kits Ideal for mounting standard hangers and Click-On hangers to angle tower members up to 22mm thick

31768A Suits all sizes of hangers. (pack of 10) 

UA-3 Suits snap in hangers. (pack of 10) 

Galvanised Angle
Adapter Kits

247763 Galvanised and non-marring.  For mounting 2” to 2¼” cable to angle
tower members up to 19mm thick

Compact Angle
Adapter Kits

Compact, lightweight angle adapter suitable for use with single runs up to 2-3” in diameter. 

243684-M Suits all sizes of cables, including FSJ and LDF series (pack of 10)

Cold Shrink
Weatherproofing

Simply slips over the connection and compressess around the interface using a pull tab applicator.

241474-4 Suits 2” to 2” N connectors

241474-5 Suits f” to f” N connectors

Feed Thru Glands FTN-4 Nylon, suits 2” cable including LDF4-50

FTB-4 Brass, suits 2” cable including LDF4-50

40656A-3 Neoprene gasket, suits 2” cable including LDF4-50

FTN-5 Nylon, suits f” cable including LDF5-50

FTB-5 Brass, suits f” cable including LDF5-50

40656A-1 Neoprene gasket, suits f” cable including LDF5-50

40656A-5 Neoprene gasket, suits 13” cable including LDF6-50

40656A-2 Neoprene gasket, suits 1e” cable including LDF7-50

Hoisting Grip 43094 Suits LDF4-50 cable

19256B Suits LDF5-50 cable

29961 Suits LDF5-60 cable

24312A Suits LDF7-50 cable
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Grounding and Hanger Kits

Item Part No. Description

Universal 
Grounding Kit UG1215-06B1 Universal grounding kit for 2” - 1e” cable

Sure Ground™
Grounding Kits SG12-06B2A

SureGround™ grounding kit with standard weatherproofing butyl rubber
sealing tape, 2 hole lug for 2” cable - LDF4-50

SGL78-06B2A
SureGround™ grounding kit with standard weatherproofing butyl rubber
sealing tape, 2 hole lug for f” cable - LDF5-50

SGPL5-06B2
SureGround™ Plus grounding kit with weatherproofing rubber boot , 2 hole
lug for f” cable - LDF5-50

SG114-06B2A
SureGround™ grounding kit with standard weatherproofing butyl rubber
sealing tape, 2 hole lug for 13” cable - LDF6-50

SG158-06B2A
SureGround™ grounding kit with standard weatherproofing butyl rubber
sealing tape, 2 hole lug for 1e” cable - LDF7-50

SGPL7-06B2
SureGround™ Plus grounding kit with weatherproofing rubber boot, 2 hole
lug for 1e” cable - LDF7-50

Hanger Kits
43211A Standard Hanger Kit for 2” cable including, LDF4-50 (pack of 10)

42396A-5 Standard Hanger Kit for f” cable including, LDF5-50 (pack of 10)

42396A-1 Standard Hanger Kit for 13” cable including, LDF6-50 (pack of 10)

42396A-2 Standard Hanger Kit for 1e” cable including, LDF7-50 (pack of 10)

Click-On Hangers Stackable Click-on hangers install in minutes and provide perfect fit, especially in confined spaces

L4CLICK Click-On hanger kit for 2” cable, including LDF4-50 (pack of 10)

L5CLICK Click-On hanger kit for f” cable, including LDF5-50 (pack of 10)

L6CLICK Click-On hanger kit for 13” cable, including LDF6-50 (pack of 10)

L7CLICK Click-On hanger kit for 1e” cable, including LDF7-50 (pack of 10)

Snap Stack
Hangers

Stackable Click-on hangers install in minutes and provide perfect fit, especially in confined spaces

SSH-12 Snap-In hanger kit for 2” cable LDF4-50 (pack of 10)

SSH-78 Snap-In hanger kit for f” cable LDF5-50 (pack of 10)

SSH-114 Snap-In hanger kit for 13” cable LDF6-50 (pack of 10)

SSH-158 Snap-In hanger kit for 1e” cable LDF7-50 (pack of 10)
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Reference

Crimp Tool Dimensions

Cross Reference to Crimp Dies

Crimp Set
Hex Dimensions 

(Outer Conductor)
Hex/Square Dimensions

(Centre Conductor)
Typical Cable Sizes

Using Crimp Set

A 5.41 1.69 RG58, 9001, 9006, RG142, RG223, RG400

B 6.48 1.69 RG59, RG62

C 10.54 2.54 RG213

D 10.9 2.54 RG214, RG63

E 3.25 0.72 RG174, RG63, RG179

Cable Type
ERMA Crimp

Code
Hex
mm

Hex
inch

Centre Crimp
mm

Centre Crimp
inch

Length
mm

RFI Ref RCT-330K

RG58C/U HFD 5.41 0.213 1.69 0.067 8 RCT-5859 A or G

RG59C/U XH 6.48 0.255 1.69 0.067 8 RCT-5859 A or G

RG62A/U XH 6.48 0.255 1.69 0.067 8 RCT-5859 A or G

RG63B/U HIA 10.9 0.429 2.54 0.100 10 RCT-214 K

RG142B/U HFD 5.41 0.213 1.69 0.067 8 RCT-5859 A or G

RG174A/U XCF 3.25 0.128 0.72 0.028 8 RCT-174 J outer only

RG178B/U XB 2.67 0.105 0.72 0.028 8 RCT-174 J outer only

RG179B/U XCF 3.25 0.128 0.72 0.028 8 RCT-174 J outer only

RG213/U HIA 10.54 0.415 2.54 0.100 10 RCT-213 K

RG214/U HIA 10.9 0.429 2.54 0.100 10 RCT-214 K

RG223/U HFD 5.41 0.213 1.69 0.067 8 RCT-5859 A or G

RG316/U XCF 3.25 0.128 0.72 0.028 8 RCT-174 J outer only

RG400/U HFD 5.41 0.213 1.69 0.067 8 RCT-5859 A or G
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Technical Information

Cable Type
RFI Part
Number

70-85 MHz 148-174 MHz 400-520 MHz 806-960 MHz 2.4-2.45 GHz 5.8-5.85 GHz

RG178B/U 8178 12.4 dB 17.0 dB 30.4 dB 40.8 dB – –

RG179 8179 9.2 dB 11.5 dB 17.0 dB 22.3 dB – –

RG174/U 8174 7.8 dB 10.8 dB 19.2 dB 26.9 dB – –

RG58C/U 8058 4.6 dB 7.1 dB 13.5 dB 18.2 dB – –

CELLFOAM™ 9001 4.1 dB 5.6 dB 9.8 dB 13.2 dB – –

CELLFOIL™ 9006 2.8 dB 4.2 dB 6.9 dB 9.0 dB 20dB 30dB

RG142B/U 8142 3.3 dB 4.9 dB 8.9 dB 12.0 dB 25dB 45dB

RG223/U 8223 4.2 dB 5.7 dB 10.0 dB 13.7 dB 25dB 45dB

RG59B/U 8059 3.1 dB 4.9 dB 9.0 dB 13.2 dB – –

RG62A/U 8062 2.3 dB 3.4 dB 5.9 dB 8.0 dB – –

RG11/U 8011 1.8 dB 2.5 dB 4.8 dB 6.6 dB – –

RG213/U 8213 2.0 dB 2.6 dB 5.0 dB 7.4 dB 14dB 26dB

RG214/U 8214 1.9 dB 2.6 dB 5.0 dB 7.4 dB 14dB 26dB

10D-FB Type 9005 0.9 dB 1.2 dB 2.4 dB 3.1 dB – –

RG8 Type CNT-400 1.2 dB 1.7 dB 3.1 dB 4.5 dB 7.0 dB 10.6dB

1/4”Superflex FSJ1-50 1.3 dB 2.2 dB 4.2 dB 5.6 dB 9.9 dB 15.8dB

3/8” Superflex FSJ2-50 1.1 dB 1.5 dB 2.8 dB 3.8 dB 6.9 dB 10.9dB

1/2” Superflex FSJ4-50 0.8 dB 1.3 dB 2.4 dB 3.4 dB 5.9 dB 10.2dB

1/4”HELIAX® LDF1-50 1.1 dB 1.5 dB 2.7 dB 3.6 dB 5.8 dB 11.2dB

3/8”HELIAX® LDF2-50 0.9 dB 1.3 dB 2.3 dB 3.3 dB 5.7 dB 9.5dB

1/2” HELIAX® LDF4-50 0.6 dB 0.8 dB 1.6 dB 2.2 dB 3.7 dB 5.9dB

7/8”HELIAX® AVA5-50 0.3 dB 0.4 dB 0.8 dB 1.1 dB 2.0 dB 3.3dB

13”HELIAX® AVA6-50 0.23 dB 0.3 dB 0.6 dB 0.8 dB 1.35 dB –

1e”HELIAX® AVA7-50 0.16 0.24 0.43 0.61 1.1dB –

Nominal attenuation of 30.5 metres (100ft)

RFICable_Conn_Cat30_2009:Layout 1  16/02/2009  10:06 AM  Page 30

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 92 of 314



Technical InformationTechnical Information

rfi.com.au 31

VSWR
Return
loss dB

Transmission  
loss dB

Reflected
power %

1.00 0.000 0.0

1.01 46.1 0.000 0.0

1.02 40.1 0.000 0.0

1.03 36.6 0.001 0.0

1.04 34.2 0.003 0.0

1.05 32.3 0.003 0.1

1.06 30.7 0.004 0.1

1.07 29.4 0.005 0.1

1.08 28.3 0.006 0.1

1.09 27.3 0.008 0.2

1.10 26.4 0.010 0.2

1.11 25.7 0.012 0.3

1.12 24.9 0.014 0.3

1.13 24.3 0.016 0.4

1.14 23.7 0.019 0.4

1.15 23.1 0.021 0.5

1.16 22.6 0.024 0.5

1.17 22.1 0.027 0.6

1.18 21.7 0.030 0.7

1.19 21.2 0.033 0.8

1.20 20.8 0.036 0.8

1.21 20.4 0.039 0.9

1.22 20.1 0.043 1.0

1.23 19.7 0.046 1.1

1.24 19.4 0.050 1.1

1.25 19.1 0.054 1.2

1.26 18.8 0.058 1.3

1.27 18.5 0.062 1.4

1.28 18.2 0.066 1.5

1.29 17.9 0.070 1.6

1.30 17.7 0.075 1.7

1.32 17.2 0.083 1.9

1.34 16.8 0.093 2.1

1.36 16.3 0.102 2.3

1.38 15.9 0.112 2.5

1.40 15.6 0.122 2.8

VSWR
Return
loss dB

Transmission 
loss dB

Reflected
power %

1.42 15.2 0.133 3.0

1.44 14.9 0.144 3.3

1.46 14.6 0.155 3.5

1.48 14.3 0.166 3.7

1.50 14.0 0.177 4.0

1.52 13.7 0.189 4.3

1.54 13.4 0.201 4.5

1.56 13.2 0.213 4.8

1.58 13.0 0.225 5.1

1.60 12.7 0.238 5.3

1.62 12.5 0.250 5.6

1.66 12.1 0.276 6.2

1.68 11.9 0.289 6.4

1.70 11.7 0.302 6.7

1.72 11.5 0.315 7.0

1.74 11.4 0.329 7.3

1.76 11.2 0.342 7.6

1.78 11.0 0.356 7.9

1.80 10.9 0.370 8.2

1.82 10.7 0.384 8.5

1.84 10.6 0.398 8.7

1.86 10.4 0.412 9.0

1.88 10.3 0.426 9.3

1.90 10.2 0.440 9.6

1.92 10.0 0.454 9.9

1.94 9.9 0.468 10.2

1.96 9.8 0.483 10.5

1.98 9.7 0.497 10.8

2.00 9.5 0.512 11.1

2.50 7.4 0.881 18.4

3.0 6.0 1.249 25.0

4.0 4.4 1.938 36.0

5.0 3.5 2.553 44.4

10 1.7 4.810 66.9

20 0.9 7.413 81.9

VSWR Conversion Chart
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Technical Information

Velocity of Propagation (VoP)
Velocity of Propagation (VoP, or VP) for a coaxial

cable characterizes the speed at which a signal at

which a signal will propagate within that cable. It is

expressed as a percentage, being the ratio of a

signal's transmission speed in the cable compared

to the speed of light in free space (i.e. the speed of

light).  

Thus, transmission in free space would have a VP

of 1 (100%), whereas the VP of various cables is

largely determined by the dielectric constant of the

coaxial cable dielectric.  (In fact, VP equals the

reciprocal of the square root of the dielectric

constant of the material).  As a comparison, a

standard polyethylene dielectric cable will typically

have a VP of 66%, or be as high as 80% if the

dielectric is a foam based polyethylene/

Generally speaking, a higher VP for will deliver

lower attenuation for an alternative dielectric, due

to lower dielectric losses, but many other factors

will impact on total cable attenuation (size and

conductor construction).  VP is a particularly

important parameter in the preparation of phase

critical cable lengths as the time/phase delay will

vary significantly with the VP of the cable chosen.

CABLE VELOCITY
DIELECTRIC SPEED OF
TIME DELAY LIGHT 

(NS/FT) (%)
Solid Polyethylene 1.54 65.9

Foam Polystyrene 1.12 91.0

Air Space Polyethylene 1.15 -1.21 84-88

Solid Teflon 1.46 69.4

Air Space 1.13-1.20 85-90

Modified coaxial structures using a helical

wrapped centre conductor are available with time

delays ranging from 10 to 100 nanoseconds per

foot. Balanced helical structures are also available

with time delays, up to 50 nanoseconds per foot.

Operating Temperature Range
1. The operating temperature range of flexible

coaxial cable is determined primarily by the

operating temperature range of the dielectric

and jacketing materials. Note that only silver

plated conductors are suitable for long term

use at temperatures over 80°C.

2. The table below details the operating

temperature limits of the most commonly

used dielectrics and jacket types.

DIELECTRIC MATERIAL
Polytetraflouroethylene (PTFE) - 250°C to +250°C

Polyethylene - 65°C to +80°C

Foamed Polyethylene - 65°C to +80°C

Foamed or Solid Ethylene Propylene - 40°C to +105°C

JACKETS

Fluorinated Ethylene Propylene (FEP) - 70°C to

+200°C

Polyvinylchloride (PVC) - 50°C to +85°C

Polyurethane - 100°C to +125°C

Nylon - 60°C to +120°C

Ethylene Polyethylene - 40°C to +105°C

Crosslinked Polyolefin - 40°C to +85°C

Silicone Rubber - 70°C to +200°C

Flexibility
Coax cables with stranded centre conductors and

braided outer conductors are used in applications

where the cable is required to flex while in service

or where cable is subject to vibration. Most braided

cable will withstand up to 1000 flexes when bent

through a 180 degree arc for a bend radius of 20

times the diameter of the cable. 

Semi flexible cables with solid or corrugated outer

conductors should not be bent more than ten times

through a 180 degree arc over a bend radius of 20

times the diameter of the cable. 

Reels used for transporting of coaxial cable should

have a hub diameter of 20 times the diameter of

the cable for braided cable and 40 times the

Facts about cable
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Technical InformationTechnical Information

diameter of the cable for semi flexible Heliax style

cables. The following table gives recommended

hub diameters and bend radius for popular coax

cables.

CABLE TYPE HUB DIAMETER MINIMUM
(mm) BEND RADIUS

(mm)

RG58 100 10

RG142 100 10

RG223 100 10

RG213 200 25

RG214 200 25

CNT-400 200 25

LDF4-50 600 125

RXL4-1 600 125

AVA5-50 1000 250

AL5-50 1000 250

Environmental Factors
The life expectancy of coax cable depends on a

variety of factors including the jacket material,

exposure to sunlight, humidity, galvanic action, salt

water exposure, and exposure to heat and flame.

For cables that are likely to be exposed to sunlight

the use of UV stable PVC jacketed cables or

Polyethelene jacketed cables is recommended.

All jacket materials exhibit a finite vapour

transmission rate. Large temperature extremes

can result in condensation appearing in cables.

The use of a flooding compound can prevent

moisture accumulation in cables. 

Cable intended for underground burial should be

placed in conduit to prevent damage. Exceptions

to this are some Andrew™ cables that have been

manufactured with Polyethelene jackets and a

flooding compound between the jacket and braid.

Flame Resistance
PVC jacketed cables are inherently fire

suppressant. They incorporate halide based

chemicals, such as chlorine, as their fire

suppressants. When PVC burns, it gives off a

halide gas, which rapidly absorbs oxygen, thereby

starving the fire, causing it to self extinguish.

Unfortunately the by products of this process can

be hazardous to humans. In high concentrations,

chlorine gas is quite toxic. Additionally, when

combined with oxygen and water vapour, a by

product is hydrochloric acid. 

Plenum rated cables use fluoropolymers such as

Teflon to suppress flames they emit very low levels

of smoke, and no toxic fumes or vapours.

Low smoke zero halogen (LSZH) rated cables use

metal hydroxide chemicals to suppress flames.

Metal hydroxides give off water vapour when

exposed to fire, which suppresses the propagation

of fire along a burning cable. 
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Crimp sleeveConnector Body

Centre Contact

Crimp

All braid wires on outside
of inner ferrule

Crimp

Cable Preparation Details - Standard Crimp

Cable Preparation

1. Straighten the end of the cable - 200mm.

2. Slide crimp sleeve onto cable

3. Strip jacket, braid and dielectric to dimensions shown

Crimp Centre Contact to Cable Centre Conductor

1. Insert cable centre conductor into centre contact until it

butts against cable dielectric.

2. Crimp centre contact.

Attach Cable to Connector Body

1. Insert cable assembly into rear of connector body, with all 

braid wires on outside of inner ferrule.

2. Gently push cable assembly forward until contact snaps 

into place in insulator.

Final Assembly

1. Slide crimp ferrule forward until flush with connector 

body and crimp.

2. Crimp using RCT-213 for RG213 connectors or RCT-214 

for RG214 connectors. RCT-5859 for RG58 connectors
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Cable Preparation Details - Clamp Style 1

Preparation of cable

1. Slide nut and gasket on to cable.

2. Strip jacket to 10mm

3. Slit cable jacket in two places, 180° apart

Solder centre pin to cable centre conductor

1. Fold back braid and fit braid clamp between 

dielectric and braid. Trim braid around braid clamp

2. Remove dielectric flush with front of braid clamp

3. Slide on rear insulator and centre pin 

(these parts must butt)

4. Solder centre pin to centre conductor

Install front insulator

1. Install front insulator over centre pin

Final Assembly

1. Mount cable assembly and fittings in to 

connector body

2. Screw and tighten nut

Solder
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Cable Preparation Details - Clamp Style 2

Preparation of cable

1. Slide nut, washer and gasket on to cable.

2. Strip jacket to dimensions shown.

Solder centre pin to cable centre conductor

1. Insert cable centre conductor in to centre contact 

until it butts against cable dielectric.

2. Solder centre contact.

Install braid clamp

1. Place braid clamp over cable braid

2. Comb braid wires out straight and fold back 

over front shoulder of braid clamp.

3. Trim braid wires flush with edge of braid clamp

Final Assembly

1. Mount cable assembly and fittings into connector body

2. Screw and tighten nut

Solder
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Technical Information

Metric Unit Prefixes
PREFIX SYMBOL POWER NUMERICAL VALUE

OF 10

exa E 10
18

1,000,000,000,000,000,000

peta P 10
15

1,000,000,000,000,000

tera T 10
12

1,000,000,000,000

10
11

100,000,000, 000

10
10

10,000,000,000

giga G 10
9

1,000,000,000,000

10
8

1,000,000,000,000

10
7

1,000,000,000,000

mega M 10
6

1,000,000,000,000

10
5

100,000

myria my 10
4

10,000

kilo k 10
3

1,000

hecto h 10
2

100.0

deka da 10
1

10.0

10
0

1.0

deci d 10
-1

.1

centi c 10
-2

.01

milli m 10
-3

.001

10
-4

.000 1

10
-5

.000 01

micro µ 10
-6

.000 001

10
-7

.000 000 1

10
-8

.000 000 01

nano n 10
-9

.000 000 001

10
-10

.000 000 000 1

10
-11

.000 000 000 01

pico p 10
-12

.000 000 000 001

10
-13

.000 000 000 000 1

10
-14

.000 000 000 000 01

femto f 10
-15

.000 000 000 000 001

10
-16

.000 000 000 000 001

10
-17

.000 000 000 000 000 01

atto a 10
-18

.000 000 000 000 000 001

RFICable_Conn_Cat30_2009:Layout 1  13/02/2009  11:19 AM  Page 37

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 99 of 314



rfi.com.au38

Index

RG178 B/U 2
RG174/U 2
RG58 Type 2
RG58 C/U 2
RG58 CellFoam® 2
RG58 CellFoil® 2
RG142 B/U 2
RG142 Style 2
RG400 2
RG223/U 2
RG213 2
RG8 Style 3
CNT400DB 3
CNT400FR 3
RG214/U 3
10DFB Style 3
RG179 3
RG59B/U 3
RG59/U 3
RG62A/U 3
RG11A/U 3
RG11/U 3
FSJ1-50 Heliax® 4
LDF1-50 Heliax® 4
FSJ2-50 Heliax® 4
LDF2-50 Heliax® 4
FSJ4-50 Heliax® 4
LDF4-50 Heliax® 4
AVA5-50 Heliax® 4
FXL-540 4
FXL-780 4
FXL-1480 4
FXL-1873 4
3T-30 5
3T-100 5
4T-30 5
4T-100 5
5S-30 5
5S-100 5
6S-30 5
6S-100 5
3DS-100 5
4DS-30 5
4DS-100 5
5DS-30 5
5DS-100 5
6DS-30 5
6DS-100 5
FPC6B-100 5
FPC6R-100 5
FPC10B-100 5
FPC10R-100 5

SPK-14 5
SPK-24 5
4T-100 5
6DS-100 5
FPC10R-100 5
SPK-24 5
92-01AM-0.5 6
92-01AN-0.5 6
92-01D-0.5 6
92-01D-1 6
92-01H-0.5 6
92-01H-1 6
92-01L-0.5 6
92-01L-1 6
92-01N-0.5 6
92-01N-1 6
92-04B-0.5 6
92-04B-1 6
92-04D-0.5 6
92-04D-1 6
92-04D-2 6
92-04G-0.5 6
92-04G-1 6
92-06AE-0.5 6
92-06AE-1 6
92-06B-0.5 6
92-06B-1 6
92-07A-0.5 6
92-07A-1 6
92-07B-0.5 6
92-07B-0.1 6
92-07D-0.5 6
92-07D-1 6
92-07D-1.5 7
92-07D-3 7
92-07D-5 7
92-07G-0.5 7
92-07G-1 7
92-07L-0.5 7
92-07L-1 7
92-07M-0.5 7
92-07M-1 7
92-07P-0.5 7
92-07P-0.1 7
92-09D-0.5 7
92-09D-1 7
92-09D-3 7
92-09D-10 7
92-09D-15 7
92-09D-20 7
92-09G-0.5 7
92-09G-1 7

92-09G-3 7
92-09G-10 7
92-09G-15 7
92-09G-20 7
92-09W-1 7
92-09W-10 7
92-09W-15 7
92-09W-20 7
S-1780 8
S-1782 8
S-1784 8
S-1785 8
S-1786 8
S-1787 8
S-1788 8
S-1793 8
S-1794 8
S-1795 8
S-1800 8
S-1801 8
S-1806 8
S-1807 8
S-1808 8
S-1809 8
S-1811 8
S-1812 8
L4A-PDMDM-1M 9
L4A-PDMDM-1M5 9
L4A-PDMDM-2M 9
L4A-PDMDM-3M 9
L4A-PDMDM-5M 9
F4A-PDMDM-1M 9
F4A-PDMDM-1M5 9
F4A-PDMDM-2M 9
F4A-PDMDM-3M 9
F4A-PDMDM-5M 9
L4A-PNMNM-1M 9
L4A-PNMNM-1M5 9
L4A-PNMNM-2M 9
L4A-PNMNM-3M 9
L4A-PNMNM-5M 9
F4A-PNMNM-1M 9
F4A-PNMNM-1M5 9
F4A-PNMNM-2M 9
F4A-PNMNM-3M 9
F4A-PNMNM-5M 9
400PDM 12
L4TDM-PS 12
AL5DM-PSA 12
AL7DM-PSA 12
F1PDM 12
F4PDMV2-C 12

F4PDR-C 12
12EZDM 12
78EZDM 12
114EZDM 12
158EZDM 12
400PDF 12
L4TDF-PS 12
AL5DF-PSA 12
AL7DF-PSA 12
F4PDF-C 12
716-01 12
716-04 12
12EZDF 12
78EZDF 12
114EZDF 12
158EZDF 12
716-A911-004 12
716-10 12
CA-TNFDF 12
CA-TNFDM 12
N-28 13
N-30 13
N-96 13
N-98 13
N-118 13
N-200 13
400PNF-C-CR 13
N-202 13
N-204 13
N-210 13
N-285 13
L4TNF-PS 13
AL5NF-PSA 13
12EZNF 13
78EZNF 13
114EZNF 13
158EZNF 13
AL7NF-PS 13

F4PNF-C 13
N-09 13
N-12 13
N-20 13
N-38 13
400PNF-BHC 13
N-120 13
N-213 13
N-237 13
N-288 13
N-10 13
N-48 13
N-49 13
N-243 13
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Index

PART No. PAGE No. PART No. PAGE No. PART No. PAGE No. PART No. PAGE No.

N-245 13
400PNM 14
F4PNMV2-HC 14
F4PNR-C 14
L4TNM-PS 14
AL5NM-PSA 14
AL7NM-PSA 14
12EZNM 14
78EZNM 14
114EZM 14
158EZNM 14
400PNF 14
N-07 15
N-15 15
N-41 15
N-87 15
N-88 15
N-89 15
N-95 15
N-114 15
N-119 15
N-201 15
N-203 15
N-205 15
N-223 15
N-258 15
N-284 15
NP-10DFB 15
L4TNM-PC 15
L4TNR-HC 15
F1PNM-HC 15
F2PNM-HC 15
F4PMV2-C 15
400PNM-H-CR 15
400PNM-HC-CR 15
UHF-21 16
UHF-44 16
UHF-66 16
UHF-104 16
UHF-119 16
UHF-204 16
UHF-45 16
UHF-46 16
UHF-27 16
UHF-04 16
MP10FB 16
UHF-36 17
UHF-67 17
UHF-28 17
UHF-60 17
UHF-117 17
MBC 17
MBC-WD 17

UHF-14 17
UHF-15 17
UHF-32 17
UHF-116 17
UHF-16 17
TNC-01 18
TNC-26 18
TNC-26RG 18
TNC-26RT 18
TNC-223 18
TNC-207 18
TNC-207RG 18
BR400PTM-C 18
TNC-86 18
TNC-86RG 18
TNC-206RG 18
TNC-33 18
TNC-88 18
TNC-11 18
TNC-15 18
TNC-42 18
BNC-04 19
BNC-07 19
BNC-09 19
BNC-10 19
BNC-97 19
BNC-113 19
BNC-113RG 19
BNC-142 19
BNC-174 19
BNC-223 19
BNC-239 19
FIPBM-C 19
BNC-86 19
BNC-87 19
BNC-27 19
BNC-33 19
BNC-88 19
BNC-41 19
BNC-49 19
BNC-51 19
BNC-54 19
BNC-80 19
FME-150 21
MCX-02 21
MMCX-01 21
MMCX-02 21
SMA-174 21
FME-116 21
FME-120 21
MPL-604 21
MPL-605 21
SMA-40 21

SMA-104 21
SMA-104KN 21
SMA-104RG 21
SMA-104RT 21
FME-140 21
MMCX-03 21
FME-101 21
MPL-86 21
SMA-186 21
SMA-05 21
SMA-06 21
SMA-07 21
SMA-08 21
QMA-01 21
Inter Series Adapters 22
AK-30 Adapter Kit 22
AK-40 Adapter Kit 22 
RCT5859 24
RCT-213 24
RCT-214 24
RCT-174 24
RCT-301G 24
RCT-330K 24
CST-001 24
CST-399 25
CST-213 25
EASIAX® 25
EASIAX® Plus 25
EZfit® 25
L4CLAMP-RDN-1 26
L4CLAMP-RDN-2 26
L5CLAMP-RDN-1 26
L5CLAMP-RDN-2 26
L6CLAMP-RDN-1 26
L6CLAMP-RDN-2 26
L7CLAMP-RDN-1 26
L7CLAMP-RDN-2 26
31768A 26
UA-3 26
247763 26
243684-M 26
241474-4 26
241474-5 26
FTN-4 26
FTB-4 26
40656A-3 26
FTN-5 26
FTB-5 26
40656A-1 26
40656A-5 26
40656A-2 26
43094 26
19256B 26

29961 26
24312A 26
UG1215-06B1 27
SG12-06B2A 27
SGL78-06B2A 27
SGPL5-06B2 27
SG114-06B2A 27
SG158-06B2A 27
SGPL7-06B2 27
43211A 27
42396A-5 27
42396A-1 27
42396A-2 27
L4CLICK 27
L5CLICK 27
L6CLICK 27
L7CLICK 27
SSH-12 27
SSH-78 27
SSH-114 27
SSH-158 27
Crimp Tool Dimensions 28
Crimp Tools Cross
Reference 28
RG178B/U 30
RG179 30
RG174/U 30
RG58C/U 30
CELLFOAM™ 30
CELLFOIL™ 30
RG142B/U 30
RG223/U 30
RG59B/U 30
RG62A/U 30
RG11/U 30
RG213/U 30
RG214/U 30
10D-FB Type 30
RG8 Type 30
1/4”Superflex 30
3/8” Superflex 30
1/2” Superflex 30
1/4”HELIAX® 30
3/8”HELIAX® 30
1/2” HELIAX

®
30

7/8”HELIAX® 30
AL5-50 HELIAX® 30
AL7-50 HELIAX® 30
AVA7-50 HELIAX® 30
13”HELIAX® 30
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Abbreviations

q RFL

FWDP =

qFWD q RFL+

qFWD q RFL-
VSWR =

( )RFL

FWL
Return Loss =10 log

Time delay = 3.334  oE  nanoseconds/m

Reflection Coefficient (* *) =   Zr - Zo  =   VSWR - 1 
Zr + Zo      VSWR + 1

Velocity of propagation (Vpp) =   100 

(as % of speed of light) oE

Speed of light = 2.999 x 108 ms -1

L

Dielectric

FEP Solid Fluorinated Ethylene Propylene
PE Solid Polyethylene
PTFE Solid Polytetrafluroethylene
PEF Foamed Polyethylene

Conductors and Braid Material

AL Aluminium
BC Bare Copper
BerC Beryllium-Copper alloy
CAT Corrugated Aluminium Tube
CCA Copper Clad Aluminium
CCS Copper Clad Steel
CCT Corrugated Copper Tube
SPC Silver Plated Copper
SCCS Silver Plated Copper Clad Steel
TC Tinned Copper

Jacket Material

FEP Fluorinated Ethyl Propylene
PE Polyethylene
PTFE Polytetrafluroethylene
PVC1 Black polyvinylchloride
PVC2 Black polyvinylchloride, 

non contaminating

Capacitance (C) = 24.15 picofarads/m

log (D/d)

Capacitance in Farads = Charge in Coulombs

Potential difference in Volts

Attenuation (α)
The scalar ratio of the input magnitude to the output magnitude:

α [dB/m] = 10  •  log ___ P1

P2

The ratio of the input signal voltage to the output signal voltage:

α [dB/m] = 20  •  log ___ U1

U2

Inductance (L) = 0.46 log (D/d) microhenries/m

Charactaristic Impedance (Zo) =   L = 138 log (D/d) ohmsqC oE

Cut-off frequency (Fco) =       191     GHz

oE (D+d)

Peak Power Ppk =           v2         watts

Zo x VSWR

Coaxial Systems Formulae

Technical Information

C = capacitance

d = outside diameter of inner 
conductor in mm

D = inside diameter of outer 
conductor in mm

P1 = Input Power

P2 = Output Power

Key

U1 = Input signal voltage at the
cable entry

U2 = Output signal voltage at the 
cable entry

E = dielectric constant

Fco = cut-off frequency

L = inductance

log = logarithm to base 10

v = maximum working voltage

Vpp = velocity of propogation

Zo = charactaristic impedance

Zr = load impedance

* * = reflection factor

FWD = Forward Power in Watts

RFL = Reverse Power in Watts

L
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RF Industries (RFI)

SYDNEY (Head Office)
PO Box 4762
North Rocks, NSW 2151
Ph: +61
Fax: +61 2 9630 0844

MELBOURNE
Ph: +61 3 9751 7500
Fax: +61 3 9761 6288

BRISBANE
Ph: +61 7 3621 9400
Fax: +61 7 3252 5505

PERTH
Ph: +61 8 9244 4858
Fax: +61 8 9446 4263

INTERNATIONAL
Northlands Business Centre
30 Raubers Road
PO Box 340
Banyo, QLD 4014
Ph: +61 7 3621 9400
Fax: +61 7 3252 5505
export@rfi.com.au

rfi.com.au

RFICable_ConnCat30_COVER_REV2:Layout 1  11/02/2009  11:08 AM  Page 1

2 8838 0900

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 104 of 314



DOC REF:PB36328-4

NSW Unit B, 3 Lenton Place, North Rocks 2151 Ph  (02) 9630 0655 Fax (02) 9630 0844
VIC Unit 20, 257 Colchester Road, Kilsyth 3137 Ph  (03) 9761 6244 Fax (03) 9761 6288

QLD 16 Kyabra Street, Newstead 4006 Ph  (07) 3252 7600 Fax (07) 3252 5505
WA 26 Collingwood Street, Osborne Park 6017 Ph  (08) 9244 4858 Fax (08) 9446 4263

Product Brief

High Power Lightning Filter
IS-CF50D Series

Safeguarding your communications equipment with the
ultimate in protection is assured when you select
PolyPhaser's newest microwave filter protectors.  Featuring
an innovative design and fully weatherised, the IS-CF50D
is engineered for systems requiring up to 750 watts
maximum continuous power including Cellular and Paging.
These units will keep your valuable wireless customers
connected, due to the integrated connector housings, DC
blocked filter design and the industry's best passband
VSWR, as well as extremely low insertion loss.

Features
• Industrys best RF performance

• Compact, integrated connector housing

• Fully weatherised

• DC blocked

• Industry's lowest throughput energy

• Maintenance free

• Multi-strike capability

• Universal flange mounting bracket

Technical Specifications
(per qualification testing)

Surge: 20kA IEC 1000-4-5 8/20µs
Waveform

VSWR: <1.1 to 1
Insertion Loss: <0.1dB
Frequency Range: 800 MHz 1.0 GHz
Power: 300W continuous
Operational Temp. Range: -40°C to +85°C

Throughput Energy
<0.5µJ for 3kA @ 8/20µs Waveform

Let-Through Voltage
< +3 volts for 3kA @ 8/20µs Waveform
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UHF Directional Yagi Antennas

YB Series

www.rfi.com.au54

The YB Series are high gain yagi antennas which will provide

excellent point to point communication in RF control, short or

long haul link and other applications calling for highly directional

antennas.  YB Series antennas exhibit narrow beamwidths and

high front to back ratios to help minimise potential interference to

and from other systems.

The feed element of each antenna is of full folded dipole

construction thus offering maximum bandwidth and reliability.

The dipole element is welded to the boom to ensure low

intermodulation performance and maximum durability. The

passive elements are through mounted to the circular boom

section and welded at each side to  further minimise the potential

for both corrosion and generation of intermodulation products.

The alodined protective finish provides a conductive surface to

ensure effective earthing of the antenna when mounting.

Constructed with 2 to 16 elements, YB Series yagi antennas

offer a choice of gain and beamwidth characteristics and can be

configured in stacks or bays for higher gain applications in either

horizontally or vertically polarised systems. Application details on

phasing and mounting yagi antennas are included in the

technical notes section of this catalogue.

Yagi antennas rest at ground potential to provide excellent

lightning protection and reduced precipitation static noise.

Termination is via an 'N' female coaxial connector fitted to a short

Durathene cable tail.  Durathene polyethylene jacketed cable

provides superior resistance to weathering and abrasion and is

less susceptible to bird attack than standard PVC sheathed cables.

For extreme climatic or corrosive applications, the stainless

steel YBSS Series or black ruggedised RDA Series yagis

should be considered.

• All welded construction for maximum and reliable performance 

• Narrow beamwidths  & high front to back ratios effective in

reducing interference 

• Alodine finish provides an excellent conductive surface 

for earthing

• Can be configured in stacks or bays for higher gain applications

using PH and PHE series phasing harnesses

300-600 MHz

YB6

YB16

Bracing kit available

Part No. M-4528
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YB Series

UHF Directional Yagi Antennas

300-600 MHz

www.rfi.com.au 55

Model Number YB02-99 YB03-99 YB6-65 YB6-61 YB6-62 YB6-75 YB6-99

Nominal Gain dBi (dBd) 5 (3) 8 (6) 11 (9 )

Frequency MHz 300 - 600 350 - 600 400 - 420 450 - 480 480 - 520 580 - 600 350 - 600

Tuned Bandwidth 5% Full band 5%

VSWR (Return Loss) <1.5 :1  (14dB)

Nominal Impedance Ω 50

Vertical Beamwidth 77° 63° 47°

Horizontal Beamwidth 161° 98° 56°

Front / Back Ratio dB 9 13 18 (Typical)

Input Power W 100

Model Number YB02-99 YB03-99 YB6-65 YB6-61 YB6-62 YB6-75 YB6-99

Construction All welded aluminium with alodined finish

Length m 0.6 0.7 0.9 1.0 0.8 0.8 1.3

Weight kg 0.4 0.5 0.7 0.7 0.6 0.6 0.8

Termination N female with short 9008 cable tail

Mounting Area 100mm x 25mm diam. alodined aluminium

Suggested Clamps 1 X UNV

Projected

Area cm²

No ice 283 337 485 477 394 349 600

With ice 676 811 1169 1099 967 857 1367

Wind Load (Thrust) @

160km/h N
33 40 57 56 47 41 71

Wind Gust Rating km/h >240

Torque @160 km/h Nm 6 10 22 24 16 13 42

Electrical

Mechanical

YB6-61 - E Plane YB6-61 - H Plane

YB03-99 - E Plane YB03-99 - H PlaneTypical VSWR response (YB03-99)

Typical VSWR response (YB6-61)
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UHF Directional Yagi Antennas

YB Series

www.rfi.com.au56

300-600 MHz

Model Number YB9-65 YB9-61 YB9-62 YB9-99 YB16-65 YB16-70 YB16-71 YB16-63 YB16-72 YB16-99

Nominal Gain dBi (dBd) 13 (11) 14 (12)

Frequency MHz 400 - 420 450 - 480 480 - 520 400 - 600 400 - 420 450 - 470 470 - 490 480 - 500 500 - 520 400 - 600

Tuned Bandwidth Full band 5.0% Full band 5.0%

VSWR (Return Loss) <1.5 :1  (14dB)

Nominal Impedance Ω 50

Vertical Beamwidth 46° 42° 34°

Horizontal Beamwidth 54° 48° 36°

Front / Back Ratio dB 18 (Typical)

Input Power W 100

Model Number YB9-65 YB9-61 YB9-62 YB9-99 YB16-65 YB16-70 YB16-71 YB16-63 YB16-72 YB16-99

Construction All welded aluminium with alodined finish

Length m 2.0 1.8 1.6 2.0 2.5 2.3 2.3 2.2 2.2 2.5

Weight kg 1.2 1.0 1.0 1.2 1.7 1.5 1.5 1.4 1.4 1.7

Termination N female with short 9008 cable tail

Mounting Area 100mm x 25mm diam. alodined aluminium

Suggested Clamps 1 X UCR1 1 X UCR1 + 1 x M-4528 bracing kit

Projected

Area cm²

No ice 859 771 694 859 1186 1048 1030 989 981 1186

With ice 2078 1842 1640 2078 2983 2666 2617 2530 2507 2983

Wind Load (Thrust) @

160km/h N
102 91 82 102 141 124 122 117 116 141

Wind Gust Rating km/h 207 220 240 207 147 165 165 173 173 147

Torque @160 km/h Nm 92 75 60 92 165 130 128 117 116 165

Electrical

Mechanical

YB9-61 - E Plane YB9-61 - H Plane

YB16-70 - E Plane YB16-70 - H PlaneTypical VSWR response (YB16-70)

Typical VSWR response (YB9-61)
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4. Power 
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NOTICE: The technical data contained herein has been reviewed and approved for general 
release on the basis that it contains no export controlled information. No part of this document 
may be copied or reproduced by any means, including electronic or mechanical, without written 
permission from Concorde Battery Corporation. 

 
DISCLAIMER: The technical data contained herein is based upon the best information available 
as of the latest revision date. Concorde Battery Corporation makes no warranty of 
merchantability, fitness for any particular purpose, or any other warranty, expressed or implied, 
with respect to such information, and we assume no liability resulting from its use. It is the 
obligation of each user of the product to determine the suitability for any particular application 
and to comply with the requirements of all applicable laws regarding use and disposal of this 
product.  
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SAFETY SUMMARY 
 

DANGER OF EXPLODING BATTERIES 
 
Lead acid batteries can produce explosive mixtures of hydrogen and oxygen. Take the 
following precautions:  

 Never install batteries in an airtight or sealed enclosure and make sure 
installation is adequately ventilated.  

 Charge batteries in accordance with the instructions given in this manual.  
 Keep all sparks, flames and cigarettes away from batteries.  
 Connect cables tightly to the terminals to avoid sparks. 
  Wear proper eye and face protection when installing and servicing batteries. 

 
DANGER OF CHEMICAL BURNS 
 
Lead acid batteries contain sulphuric acid electrolyte which can cause severe burns to 
body tissue. Take the following precautions:   

 Avoid contact of the electrolyte with skin, eyes or clothing.  
 Never remove or damage vent valves.  
 In the event of an accident, flush with water and call a physician immediately.  

 
DANGER OF BURNS IF TERMINALS ARE SHORTED  
 
Lead acid batteries are capable of delivering high currents if the external terminals are 
short circuited. The resulting heat can cause severe burns and is a potential fire hazard. 
Take the following precautions:   

 Do not place metal objects across battery terminals.   
 Remove all metallic items such as watches, bracelets and rings when installing 

or servicing batteries.  
 Wear insulating gloves when installing or servicing batteries.  
 Use insulating tools when installing or servicing batteries.  

 
DANGER OF THERMAL RUNAWAY 
 
Thermal runaway is a condition in which the battery temperature increases rapidly 
resulting in extreme overheating of the battery. Under rare conditions, the battery can 
melt, catch on fire, or even explode.  Thermal runaway can only occur if the battery is at 
high ambient temperature and/or the charging voltage is set too high.  Take the 
following precautions: 

 Charge batteries in accordance with the instructions given in this manual. 
 Do not install batteries near heat sources or in direct sunlight that may artificially 

elevate their temperature.  
 Provide adequate air circulation around the batteries to prevent heat build up.    
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CHAPTER 1 - INTRODUCTION 
 
1.1 Company Background 
Concorde Battery Corporation was founded in 1977 and is a manufacturer of premium quality 
lead acid batteries. Originally, Concorde’s main product emphasis was dry charged and gelled 
electrolyte lead acid batteries. In 1985, Concorde developed its valve regulated, absorbent 
glass mat [AGM] technology for use in aircraft applications. The success of this technology in 
the aviation market has been outstanding. Concorde is now the largest manufacturer of valve 
regulated lead acid batteries for both commercial and military aircraft.  
 
In 1986, Concorde further developed the AGM technology for deep cycle applications. This 
development effort provided higher energy density (higher capacity) and better cycle life than its 
gelled electrolyte battery. Concorde soon discontinued the gel product line and concentrated all 
engineering developments on the AGM product line. In 1987, Concorde began supplying the 
photovoltaic (PV) industry with our deep cycle AGM batteries. Over the years it has been our 
design expertise, quality and customer focus that has made Concorde a leader in providing the 
best battery available for the PV and Renewable Energy markets.   Concorde is committed to 
the proposition that the customer deserves the best performing and highest quality product. Our 
batteries are tailored to the application rather than make the designer/user settle for what is 
available. It is this commitment – to meet the needs of the customer – that sets Concorde apart. 
 
1.2 Overview of Sun Xtender® AGM Technology 
Sun Xtender® AGM batteries are valve-regulated, recombinant gas, absorbed electrolyte, lead 
acid batteries. The cells are sealed with a pressure relief valve that prevents gases within the 
battery from escaping. The positive and negative plates are sandwiched between layers of glass 
mat consisting of a blend of glass micro fibers of varying length and diameter. This blend 
features superior wicking characteristics and promotes maximum retention of the electrolyte. An 
envelope of micro porous polyethylene surrounds each wrap of glass mat to further protect the 
plates from shorting. Electrolyte is absorbed and held in place by the capillary action between 
the fluid and the glass mat fibers. The mat is over 90% saturated with the electrolyte. By design 
it is not totally saturated with electrolyte, a portion is filled with gas. This void space provides the 
channels by which oxygen travels from the positive to the negative plates during charging. 
When the oxygen gas reaches the negative plate, it reacts with lead to form lead oxide and 
water.  This reaction at the negative plate suppresses the generation of hydrogen that otherwise 
would come off the negative plate.  In this manner, virtually all of the gas is “recombined” inside 
the cell, eliminating the need to add water, resulting in “maintenance free” operation. 
Furthermore, since the acid electrolyte is fully absorbed in the AGM separator, the battery is 
nonspillable even when turned upside down. 
 
1.3 About this Manual 
This manual is intended to provide the customer with technical information for selecting, 
installing, operating, and servicing Sun Xtender® AGM batteries. The next Chapter provides a 
detailed description of the product, its design features and materials of construction.  Concorde 
is very proud of this innovative product line and we think you will share our enthusiasm.  
Chapter 3 provides a comparison of Sun Xtender® with other lead acid technologies: flooded-
electrolyte batteries, gelled-electrolyte batteries, and AGM batteries from other manufacturers.  
Chapter 4 presents an overview of the battery specifications for the Sun Xtender® product line; 
detailed specifications for each model are published separately. Chapter 5 provides instructions 
for storing, operating and servicing Sun Xtender® AGM batteries.  Chapter 6 gives an 
application guide and Chapter 7 gives important safety information. Further technical 
information can be found in the Appendices.  If you have additional questions beyond what is 
covered in this manual, please contact Concorde Battery Corporation or any of our distributors.   
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CHAPTER 2 - BATTERY CONSTRUCTION 

 
2.1 Component Description 
 
Refer to the battery pictorial in Section 2.2 showing a cut away view of the cell and a summary 
of the features and benefits.  A more detailed description of the battery’s construction is given 
below.   
                                                                                                                                        
GRIDS - The negative grid is made of pure lead calcium alloy. The positive grid is extra thick 
and is made from a proprietary, pure lead-tin-calcium alloy with special grain refiners.  These 
features improve corrosion resistance of the grid and gives the battery excellent cycling 
capability and float life. 
 
PLATES – The grids are pasted on state-of-the-art pasting machines to give the highest quality 
plates with tightly controlled weight and thickness specifications. The lead oxide paste used to 
make the positive plates is our high density formula. With time and use, the active material 
tends to soften and give less discharge capacity. The high density paste formula retards the 
active material softening and extends battery life.  
  
ABSORBENT GLASS MAT [AGM] SEPARATOR – The AGM is a premium blend of glass micro 
fibers having an optimum ratio of fine and extra fine fiber sizes. This blend features superior 
wicking characteristics and promotes maximum retention of the electrolyte. The AGM layer is 
squeezed to an optimum level of compression during assembly to provide sufficient contact with 
the surface of the plate over the life of the battery. This compression also promotes retention of 
the active material if the battery is exposed to shock or vibration conditions.   
 
POLYETHYLENE ENVELOPE – Concorde is only manufacturer that envelopes the AGM 
separator with a thin layer of microporous polyethylene. The microporous layer is wrapped 
around the glass-matted plate and then sealed along the sides to eliminate the possibility of 
shorts at the edges of the plate (a common failure mode). The microporous polyethylene is 
more durable and puncture resistant than the AGM material alone and significantly reduces the 
occurrence of plate to plate shorts.   
           
INTERCELL CONNECTIONS - Massive “over the partition” fusion welds are used which 
increase the strength of the intercell connection. This minimizes the possibility of open welds 
and provides a low resistance connection between cells. Other manufacturers use “through the 
partition” spot welded construction that inserts a weak point into the assembly because of the 
small cross section area and the difficulty of making a reliable weld and leak proof construction. 
 
HIGH IMPACT, REINFORCED CONTAINER & COVER – The battery container and cover are 
made of a thick walled polypropylene copolymer.  This material provides excellent impact 
resistance at extreme low temperatures and minimizes bulging at high temperatures.  
 
COVER-TO-CONTAINER SEAL - The batteries use an epoxied tongue and groove seal 
between the cover and container. Most other manufacturers heat seal their cover to the 
container. The epoxied tongue and groove is a far stronger seal and will not separate in high or 
low temperature extreme applications. 
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PRESSURE RELIEF SAFETY VALVE - Each cell in the battery employs a pressure relief safety 
valve.  The valve is designed to release excess pressure that builds up over time to vent the 
small quantity of gasses that do not recombine inside of the battery. Once the pressure is 
released, the valve automatically re-seals. The gasses that escape are mainly oxygen and 
some hydrogen, and these gasses rapidly dissipate into the atmosphere.  
   
TERMINALS - Sun Xtender® AGM batteries employ copper alloy (i.e., silicon bronze) terminals 
providing an improved low resistance electrical connection. The copper alloy terminals are non 
corrosive. Additionally, the copper alloy terminals offer increased environmental protection and 
personal safety in comparison to commonly used lead terminals. The terminals on most Sun 
Xtender® AGM batteries are recessed below the top of the battery cover. This prevents short 
circuiting across the battery terminals.  Refer to the pictorial in Section 2.3  to see a detailed 
view of the various terminal designs that are available.  
 
HANDLES – Lifting handles are incorporated into most Sun Xtender® AGM batteries. This 
provides easier handling for lifting, carrying and installation. 
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2.2 Battery with Cut Away View 
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2.3 Terminal Types 
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CHAPTER 3 - TECHNOLOGY COMPARISON 
 
3.1 Sun Xtender®  versus Flooded Batteries 
 
Flooded-electrolyte lead acid batteries have been around since 1859 and tend to be less 
expensive than AGM or Gel batteries.  However, they have major deficiencies compared to 
AGM or Gel batteries. For instance, deep cycle flooded lead acid batteries contain antimony in 
the grid alloy which causes a high rate of self discharge and rapid water loss due to gassing 
reactions.  The escape of hydrogen and oxygen from the battery represents a serious safety 
hazard if the gasses are not ventilated properly.  In flooded batteries, replacing the antimony 
lead alloy with calcium lead alloy reduces the amount of gassing and water loss, but the cycle 
life is much lower and they are no longer considered deep cycle batteries.  
 
Electrolyte stratification can occur in all types of flooded batteries.  As the battery is discharged 
and charged, the concentration of acid becomes higher at the bottom of the cell and becomes 
lower at the top of the cell. The low acid concentration reduces capacity at the top of the plates, 
and the high acid concentration accelerates corrosion at the bottom of the plates and shortens 
the battery life.  Although stratification can be minimized by raising the charging voltage so that 
the increased gassing agitates the electrolyte, this will accelerate the water loss and watering 
frequency.   
 
One other difference is that flooded batteries can not tolerate freezing temperatures when in the 
discharged state, whereas AGM batteries are not damaged by freezing temperatures.  The 
following table provides a side by side comparison of Sun Xtender® AGM and flooded deep 
cycle batteries.  
 

Characteristic Sun Xtender®  AGM Battery Flooded Deep Cycle Battery 
Self Discharge 1 to 3% per month – remains 

stable over life. 
5-10% per month when new – 
increases drastically with age 
due to antimony contamination of 
the negative plate. 

Water Addition Never. Frequent – increases 
dramatically with age due to 
antimony contamination of the 
negative plate. 

Hydrogen Gas Emissions Negligible unless severely 
overcharged.  

Significant volume is generated 
and must be ventilated to prevent 
explosion. 

Electrolyte Spillage Non-spillable in all orientations – 
electrolyte is retained in AGM 
separator. 

Spills when tilted, inverted, or 
cracked. 

Electrolyte Stratification No stratification occurs. Stratification occurs when 
operated at low charging 
voltages or in taller batteries. 

Tolerance to freezing 
temperatures 

No damage when frozen. Battery destroyed when frozen. 
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3.2 Sun Xtender®  versus Gel Batteries 
 
Gel batteries have been commercially available since the early 1970’s and are still offered by 
some manufacturers. Concorde manufactured gel batteries for many years before developing 
the AGM technology and, therefore, is aware of inherent deficiencies associated with gel 
batteries.   
 

The gel product employs a highly viscous, semisolid mixture of silica gel and dilute sulfuric acid 
in a colloidal suspension as an electrolyte. The electrolyte is difficult to keep homogeneous and 
the solid silica can separate from the acid, creating a “flooded” battery. Handling and vibration 
exposure are operational factors that can cause the silica and acid mixture to separate as there 
is no chemical bond. In high temperature environments, the semisolid electrolyte develops 
cracks and voids that reduce contact between the plates and causes the battery to lose 
capacity. This same effect gradually occurs even at normal room temperatures. 
 
By contrast, AGM batteries employ a glass micro fiber mat separator that holds the liquid 
electrolyte like a sponge. Shrinkage of the separator does not occur as the battery ages and the 
electrolyte remains in direct contact with the plates. The electrolyte remains immobilized even 
when the battery is exposed to severe vibration, so electrolyte spillage or leakage is prevented. 
 
Since it is easier to fill a container with a liquid than a semi-solid, AGM batteries require less 
space between battery plates. The closer plate spacing gives the AGM battery a lower internal 
resistance, making it more charge efficient and giving better power performance on discharge, 
especially at low temperatures.  
 
Gel batteries are also more sensitive to charging voltage. If the charging voltage is not 
controlled within a very tight  range relative to the battery’s temperature, the life of the battery 
will be adversely affected. For example, one manufacturer of gel batteries claims that if the 
charging voltage is 0.7V higher than the recommended level, the cycle life will be reduced by 60 
percent. The reason for this effect is the limited oxygen recombination capability of gelled 
batteries. Sun Xtender® AGM batteries are more forgiving in overcharge conditions and their 
ability to recombine the hydrogen and oxygen gases back into water is more efficient. With Sun 
Xtender®  AGM batteries, tests have shown that increasing the charging voltage 1.0V above the 
recommended charging voltage results in only a 23% reduction in the cycle life.  
  
The charge acceptance of gel batteries is also less than that of Sun Xtender®  AGM batteries. 
This means it takes longer to recharge gel batteries. As an example, tests have shown that 
when discharged to 50% of rated capacity (fairly common in a PV system), gel batteries took 
twice as long to reach full charge as compared to Sun Xtender®  AGM batteries.  
 
The following table provides a side by side comparison of Sun Xtender® AGM and gel batteries: 
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Characteristic Sun Xtender® AGM Battery Gel Batteries 
Electrolyte Stability Excellent – AGM acts like a flexible 

sponge. 
Prone to solid / liquid separation leading 
to spillage / spewage of acid and 
premature failure. Electrolyte loses 
contact with plates due to cracks and 
voids as the battery ages, especially at 
higher ambient temperatures. 

High Rate Performance Excellent due to low internal 
impedance. 

Inferior.  Plate spacing must be greater to 
allow for gel passage during filling.  Gel 
adds to impedance, especially at low 
temperatures. 

Sensitivity to Charging 
Voltage Levels 

Moderately sensitive. Life is 
somewhat reduced if charged 
outside of recommended charge 
voltage levels.  

Very Sensitive.  Life is greatly reduced if 
charged outside of recommended charge 
voltage levels.  

Charge Acceptance Rate Excellent. Battery can be fully 
charged in 2 hours if high inrush 
current is available. 

Inferior. Must limit in rush current and 
charge time is at least twice as long to 
reach full charge. 

 
3.3 Sun Xtender® versus other AGM Batteries  
 
Sun Xtender®  AGM batteries have been specifically designed for true deep cycle, long service 
life capability in adverse temperature and handling conditions. Concorde uses extra thick 
positive plates, high density paste, thick AGM separator layers encased within a microporous 
polyethylene envelope, thick walled containers with epoxy-sealed covers. A side by side 
comparison of Sun Xtender® AGM batteries with typical AGM batteries from other 
manufacturers is provided in the following table: 
 

Characteristic Sun Xtender®  AGM Battery Other AGM Batteries 
Positive Grids Extra thick grids (typically 0.095” or 

greater) and extra thick plates 
(typically 0.105” or greater), for long 
cycle and float life.  

Thinner grids, typically 0.045 to 0.060”.  

Pasted Plates High density positive paste for long 
cycle life. 

Lower density, resulting in lower cycle 
life. 

AGM Separator Extra thick for maximum electrolyte 
reserve. Premium grade of AGM with 
extra fine fibers for long life.  

Thinner material used. Inferior grade of 
AGM without the extra fine fiber content. 

Microporous polyethylene 
separators 

Envelopes the positive plate to 
prevent shorting due to shock, 
vibration and dendrites 

Not present, AGM is the only separator 
protecting the plates. 

Intercell connections Massive over the partition connectors 
provide a robust, leak proof 
connection with low voltage loss.   

Inferior through the partition welds have 
less cross sectional area, provide 
weaker structural connection, and are 
leak prone. 

Battery Terminals Copper alloy – low electrical 
resistance and no exposed lead.  

Lead alloy - higher in electrical 
resistance and user is exposed to lead 
contamination.  

Container Thick wall for rigid support of cell 
elements and high compression of 
AGM separator. 

Thinner walls, less support of cell 
elements and lower compression of 
AGM separator. 

Cover Seal Cover is epoxied to container – high 
strength bond for reliable operation at 
temperature extremes. 

Cover is heat sealed (melted) to 
container – prone to separation and 
leakage at temperature extremes. 
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CHAPTER 4 - BATTERY SPECIFICATIONS 
 

4.1 Battery Models 
The Sun Xtender®  Series consists of batteries ranging in capacity from 34 to 915 ampere 
hours (rated at the 24 hour rate). A variety of 2-volt, 6-volt and 12-volt models are available. 
Refer to the battery specification sheet (published separately) for a complete listing of the 
mechanical and electrical specifications for each battery model.   

 
4.2 Terminals 
Standard Terminals: Batteries with a “T” at the end of the part number incorporate M6 or M8 
(copper alloy) threaded insert terminals. Batteries with an “L” at the end of the part number 
incorporate “L” Blade (solid copper) terminals. All batteries are supplied with silicon bronze 
bolts, nuts, and washers required for installation.  
 
Optional (Copper Alloy) Terminal Installed at the Factory: Batteries with a “T” at the end of the 
part number (except PVX-340T & PVX-420T) are available with an optional factory installed 
SAE automotive type terminal by adding the “A” suffix to the end of the part number. For 
example, order PVX-1040TA instead of PVX-1040T.  
 
Optional (Copper Alloy) Terminal Kit: Kits can be ordered for “After Factory” customer 
conversions of “T” type batteries (except PVX-340T & PVX-420T) by ordering P/N 6918 for the 
“A” SAE automotive post kit. Kit includes terminals and installation bolts required for installation.  
 
Terminal Torque Values: M6 use 35 in-lbs / 4.0 nm. M8 use 70 in-lbs / 7.9 nm.  
 
4.3 Handles 
All batteries include built in lifting handles except the PVX-490T and PVX-560T.  
 
4.4 Definition of Ratings 
Capacity ratings are after 15 cycles per BCI specifications and are stated at 77°F (25°C) to 1.75 
volts per cell. 
 
4.5 Temperature Range  
Storage: -55°C (-67°F) to 50°C (122°F). Operating: -40°C (-40°F) to 71°C (160°F). 
 
4.6 UL Recognition   
All Sun Xtender®  AGM batteries meet the requirements of UL® 1989 (Standby Battery) and are 
UL recognized under UL File Number MH-17983.  
 
4.7 Shipping Classification  
Sun Xtender®  AGM batteries have been tested and determined to be in compliance with the 
vibration and pressure differential tests in accordance with DOT 49 CFR 173.159(d) and Special 
Provision A67 of the International Air Transport Association (IATA) Dangerous Goods 
regulations.  As such, they are classified as a “NONSPILLABLE BATTERY” and can be shipped 
as non-hazardous material by any means. To comply with DOT shipping regulations, the battery 
must be packaged to protect against short circuits and the battery and outer packaging must be 
plainly and durably marked “NONSPILLABLE” or “NONSPILLABLE BATTERY”.  
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CHAPTER 5 - COMMISSIONING AND SERVICING INSTRUCTIONS 
 
5.1 Storage 
 
Sun Xtender®  Batteries are charged at the factory and are ready for installation when they are 
received. Batteries may be stored prior to installation for up to 2 years, provided they are boost 
charged as described below. Batteries should be stored in the coolest environment available, 
preferably not exceeding 20°C (68°F). The higher the temperature, the faster the battery will 
self-discharge and require boost charging. See Appendix C for data on storage time versus 
temperature.  
 
While in storage, batteries should be boost charged every 90 days or when the open circuit 
voltage (OCV) drops to 2.08 volts per cell (12.5 volts for a 12 volt battery). This OCV 
corresponds to approximately 75% state of charge. Boost charge batteries using a constant 
voltage charger set at 2.45 volts per cell (14.7 volts for a 12 volt battery) at a temperature of 
20°C (68°F). If the temperature is above 20°C (68°F), compensate the charge voltage by 
subtracting 0.04V/cell for every 10°C difference (0.24V for a 12 volt battery). If the temperature 
is below 20°C (68°F), compensate the charge voltage by adding 0.04V/cell for every 10°C 
difference. The boost charge should be applied until the charging current falls below 0.5 percent 
of the battery’s 24 hour rated capacity (0.5 amps for a 100 Ah battery). The time it takes for 
boost charging can be estimated from the following equation, based on the battery state of 
charge (SOC), rated capacity, and rated output of the charger: 
 
Time to Reach Full Charge = [(1-SOC/100) x Rated Capacity (Ah) ÷ Rated Output of Charger 
(Amp)] + 2 hours.  
 
For example, when boosting a 258 Ah battery at 75% SOC using a 15A charger, the charging 
time can be estimated as follows:  
 
Time to Reach Full Charge = [(1-75/100) x 258 Ah ÷ 15A]+ 2 hours = 6.3 hours. 
 
5.2 Installation 
 
Be sure there is adequate ventilation in the area where the batteries are to be installed (see 
Chapter 7). Batteries may be installed in any orientation except upside down (i.e., terminals 
facing the earth). The space surrounding adjacent batteries should be at least 0.25 inch to 
permit airflow around each battery. Always use batteries of the same size and condition in multi-
battery installations. When replacing batteries, it is best to replace the entire set of batteries so 
they remain balanced.  
 
Connect batteries using cabling that is sized for the maximum load of the system. The voltage 
drop on the cables during charging should not exceed 0.2 volts at full output.  Protect the battery 
terminals from shorting during installation.   
 
Batteries may be connected in series (voltage adds, capacity stays the same), in parallel 
(capacity adds, voltage stays the same), or a combination of series and parallel (voltage and 
capacity adds).  Each of these connection options are illustrated in Figures 5-1 through 5-3, 
respectively.   
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Figure 5-1. Series Connection 

 
Figure 5-2. Parallel Connection 

 
Figure 5-3. Series/Parallel Connection 
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Connection options for 4-terminal batteries are illustrated in Figures 5-4 through 5-9.  For low 
rate applications (current levels less than 400 amperes), only two of the four terminals need to 
be connected, but it is still best to use all four terminals for redundancy. For high rate 
applications (current levels greater than 400 amperes), all four terminals should be connected.    
 
 

 
Figure 5-5. Series Connection for 4-Terminal Batteries (Low Rate Applications Only) 

 
 

 
Figure 5-6. Series Connection for 4-Terminal Batteries (Low or High Rate Applications, Option A) 

 
 

 
Figure 5-7. Series Connection for 4-Terminal Batteries (Low or High Rate Applications, Option B) 
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Figure 5-8. Series/Parallel Connection for 4-Terminal Batteries (Low Rate Applications Only) 

  
 NOTE: Cables A, B and C carry different current levels and should be sized accordingly.  
 In this example, the current in Cable B is 2 times that of Cable A and the current in  
 Cable C is three times that of Cable A.     
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Figure 5-9. Series/Parallel Connection for 4-Terminal Batteries (Low or High Rate Applications) 
 
 
5.3 Discharging 
 

Discharge data for Sun Xtender® AGM batteries are given in Appendix C.  The capacity 
delivered by the battery depends on the rate of discharge as well as the battery temperature.  
The battery will deliver less capacity as the discharge rate increases and less capacity as the 
temperature is lowered. Graphs are provided in Appendix C to quantify these effects.  Peukert 
plots (Amps vs Time) are also included, along with formulas for calculating the current that can 
be removed for any discharge time from 0.5 hours to 120 hours.  To calculate the discharge 
time for a specified amperage, these formulas can be inverted as follows: 
 
A = C x T -n   
T = C1/n  x A-1/n 
 
(where A = Amps, T = Time in hours, C & n are constants specific for each battery model). 
 
In general, batteries should be sized such that the rated capacity is at least twice the capacity 
required by the load.  For example, if 100 Ah is required on average, select at least a 200Ah 
battery.  This approach will limit the average depth of discharge to 50% and will dramatically 
extend the life of the battery (see chart of Cycle Life versus Depth of Discharge in Appendix C).   
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5.4 Charging 
 

Charging Sun Xtender® AGM batteries is a matter of replacing the energy removed during 
discharge plus a little extra to make up for charging inefficiency.  The amount of energy 
necessary for complete recharge depends on the depth of discharge, rate of recharge, and 
temperature. Typically, between 102% and 110% of the discharged ampere-hours must be 
returned for full recharge.  
 

The most efficient method of charging Sun Xtender® AGM batteries is to use a 3 stage charging 
profile.  In the first stage, a constant current is applied until the voltage reaches a pre-set limit. 
The first stage is often called the Bulk charging stage. In the second stage, the voltage is held 
constant at the same pre-set limit until the charging current tapers to a very low value, at which 
point the battery is fully charged. The second stage is often called the Absorption charging 
stage. A voltage limit of 2.385 ± 0.015 volts per cell (14.2 to 14.4 volts for a 12 volt battery) 
should be used when the battery temperature is 25°C (77°F).  The battery is fully charged when 
the current drops below 0.5% of the battery’s rated capacity (0.5A for a 100Ah battery).  In the 
third stage, the charging voltage is reduced to a lower value that minimizes the amount of 
overcharge, while maintaining the battery at 100% state of charge. This third stage is often 
called the Float charging stage. A float voltage of 2.215 ± 0.015 volts per cell (13.2 to 13.4 volts 
for a 12 volt battery) should be used when the battery temperature is 25°C (77°F). The charging 
voltages at other temperatures can be determined from the following equations: 
 
VPC(Absorption) = 0.00004T2 -0.006T + 2.510    (where T = °C) 
VPC (Float) = 0.00004T2 -0.006T + 2.340   (where T = °C), but not less than 2.167 volts per cell. 
 

The charging current during the Bulk stage should be set as high as practical; higher current 
levels mean faster recharge time.  For repetitive deep cycling, chargers should have an output 
current of at least 0.2C (20 Amps for a 100 Ah battery). If the output current is less than this 
value, the cycle life of the battery may be negatively affected. Due to the low impedance design, 
Sun Xtender® batteries can tolerate in-rush current levels as high as 5C (500A for a 100Ah 
battery).  The time to reach full charge at temperatures in the range of 20-30°C (68 to 86°F) can 
be estimated from the following equation:  
 

Time to Reach Full Charge = [(DOD/100) x Rated Capacity (Ah) ÷ Rated Output of Charger 
(Amp)] + 2 hours.  
 

For example, charging a 100Ah battery at 50% DOD with a 25A charger would take:  
[(50/100) x 100 ÷ 25] + 2 = 4 hours to reach full charge. If a 10A charger is used, it would take: 
[(50/100) x 100 ÷ 10] + 2 = 7 hours to reach full charge.  
 

Note that this formula is approximate and the full charge state should be verified using the 
criteria given above (current drops below 0.5% of rated capacity). If the recharge does not 
return 102 to 110% of the discharged capacity, the battery’s state of charge will gradually “walk 
down” as it is cycled leading to premature failure.  Therefore, it is important to verify that the 
battery is not being undercharged.   
 
Some types of battery chargers allow the user to input the Peukert constant to obtain an 
optimum charging profile.  For Sun Xtender® batteries, the recommended value of the Peukert 
constant is n = 1.12.   
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5.5 Conditioning 
 
Conditioning should only be done when the battery is showing symptoms of capacity loss due to 
extended time in a partial or low state of charge condition. This could be caused, for example, 
by low output of a solar powered charger due to a week of cloudy skies.  
 
NOTE: Some chargers use the term Equalizing Charge instead of Conditioning Charge.  An 
Equalizing Charge is generally applied to flooded lead acid batteries that are susceptible to acid 
stratification. However, an Equalizing Charge may be used to provide a Conditioning Charge for 
Sun Xtender® batteries as described below. 
 
To apply a Conditioning Charge, first go through the normal charge cycle to bring the battery to 
full charge.  The Conditioning Charge should then be applied by charging for 8 hours using the 
voltage given in the following equation:  
 
VPC (Conditioning) = 0.00004T2 - 0.006T + 2.705     (where T = °C).  
 
At 25°C, the conditioning voltage is 2.58 VPC (15.5 volts for a 12 volt battery).  By using the 
temperature-compensated voltage, calculated from the above equation, batteries that are not in 
controlled temperature environments may be conditioned without bringing them to room 
temperature. If temperature compensation is not available, it is best to bring the battery to room 
temperature before applying the conditioning charge. 
 
5.6 Deep Discharge Recovery 
 
Batteries that have been in storage for long periods of time without boost charging, or have 
been kept deeply discharged for an extended time, may need to be charged at constant current 
instead of constant voltage to restore capacity.  The following procedure is effective if the 
batteries are not too badly sulfated. WARNING:  This procedure should only be done in a 
well ventilated area because a significant amount of hydrogen gas may be released from 
the battery. 
1. Stabilize the battery at 20-30°C (68-86°F) for at least 24 hours. 
2. Charge at a constant current of 5% of rated (24 hour) capacity until the voltage reaches 

2.60 VPC (15.6 volts for a 12 volt battery), then continue charging at this rate for an 
additional 4 hours. Note that the charging voltage may get as high as 3.0 volts per cell, 
so the power supply must be capable of outputting this level to maintain constant 
current. This constant current charge may take 16 to 20 hours.  

CAUTION:  If the battery becomes hot (above 55°C/130°F) during this charge, stop the 
current and allow the battery to cool to room temperature before continuing the charge.   
 
NOTE: The above procedure should be performed by an experienced battery maintenance 
facility utilizing the proper charging and test equipment. Concorde recommends the use of our 
Model CA1550 charger/analyzer. For more information regarding Concorde’s test equipment go 
to: www.concordebattery.com/accessories.php. 
 
5.7 Recycling 
 
Batteries that have reached the end of their service life should be returned to a local or regional 
collection center for recycling.  All local regulations and ordinances must be followed.  Never 
discard Sun Xtender® AGM batteries in the trash or in a landfill. The recycle rate of lead acid 
batteries is close to 100% and this is very good for the environment!    
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CHAPTER 6 – APPLICATION GUIDE 
 

The following section contains guidelines for sizing a battery system that should provide a 
reliable energy storage system for stand alone Renewable Energy systems. The primary 
emphasis is for photovoltaic (PV) systems but other renewable energy source systems would 
have similar requirements. 

6.1 Load Calculations  
 
DC Loads 
 
To calculate the DC Ampere Hours per Day required to power the system: 
 
DC Load Amps = 1000 x kW ÷ DC System Voltage 
 
Total Daily Load [AH] = DC Load Amps x No. of Operating Hours per Day 
 

Example: 
For a 0.12 kW DC load at 48 VDC,  
DC Load Amps  = 1000 x 0.12kW ÷ 48VDC = 2.5A. 
Total Daily Load = 2.5A x 24 Hours/Day =  60 AH/Day. 

 
For variable DC Loads, establish the duty cycle based on percentages of the daily operations.   
 
(P1% of day at xx Amps) + (P2% of day at yy Amps)  + Etc = Total AH Consumed/Day 
 

Example: 
A system operates at 5A for 70% of the  day  and 10A for 30% of the  day: 
Total Daily Load = (70% X 5A X 24 Hrs) + (30% X 10A X 24 Hrs) 
Total Daily Load = 84 AH + 72 AH = 156 AH/Day. 

 
AC Loads 
 
When an inverter is used to power 120 or 240 VAC appliances, such as pumps, refrigerators, 
lighting, etc., the AC voltage must be converted to the Battery’s DC voltage and the efficiency of 
the inverter must be considered. 
 
If the inverter AC voltage is 120 VAC and the battery DC voltage is 24 VDC, then the conversion 
factor is 5.0. For every AC amp drawn there will be 5 times as many DC amps required. Also, 
the inverter’s conversion efficiency from DC to AC is not 100%. There is an internal loss in the 
inverter which is normally about 10% to 15%. See inverter/charger manufacturer’s data for 
efficiency specifications.  
 

Example: 
For a 2.4 kW AC Load at 120VAC with a 48VDC battery and Inverter operating at 90% 
efficiency, 
AC Load = 1000 x 2.4 kW ÷ 120 VAC =  20 Amps @ 120 VAC 
DC Load = 20 Amps AC X 120/48 ÷ 0.90 =  55.6 Amps DC 
Total Daily Load = 55.6 A x 24 Hours/Day = 1,334 AH/Day  
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Note: When sizing the battery for non continuous loads, or for larger loads for short periods of 
time per day, it may not be possible to use the 20, 24 or 120 hr. rate of discharge for the 
battery’s capacity. When discharged at different rates, a battery’s capacity will vary. The higher 
the rate of discharge, the lower the capacity of the battery will be. More detailed calculations are 
required in these cases.    

 
6.2 Days of Autonomy 
 
As everybody knows, the sun does not shine with equal intensity every day, nor does it shine at 
night and during inclement weather. Cloud cover, rain, snow, etc. diminish the daily insolation 
(Insolation is the amount of solar energy delivered to the earth’s surface, measured in W/m2 or 
kWh/m2/day. A storage factor must be employed to allow the photovoltaic battery system to 
operate reliably throughout these periods.  
 
In addition, it is desired to obtain the best service life of the battery by limiting its average daily 
depth of discharge. This storage factor is commonly referred to as “Number of Days of Battery 
Autonomy”. The number of days is established by evaluating the peak hours of sun per day for 
the lowest insolation month of the year with the solar array oriented for maximum output during 
that month. 
 
The minimum number of days that should be considered is 5 days of storage for even the 
sunniest locations on earth. In these high sun locations there will be days when the sun is 
obscured and the battery’s average depth of discharge should not be more than 20% per day. 
The recommended days of autonomous storage are shown in the following table: 
 

Table 6-1. 
Recommended Days of Storage 

kWh/m2/day Days of Autonomy 

4.5+ 5 
3.5 to 4.5 6 
2.7 to 3.5 7 
2.0 to 2.7 8 

< 2.0 10 or more 
 

6.3 Temperature Considerations 
 
The temperature of the battery is a major factor in sizing a PV system. Battery capacity is 
reduced in cold temperatures and the battery life is shortened in high temperatures. 
 
It should be realized that the temperature of the battery itself and ambient temperature can be 
vastly different. While ambient temperatures can change very quickly, battery temperature 
change is much slower. This is due to the large thermal mass of the battery. It takes time for the 
battery to absorb temperature and it takes time for the battery to relinquish temperature. 
 
The battery’s temperature is normally the average temperature for the past 24 hours plus or 
minus a few degrees. In many systems it can be difficult or impossible to heat or cool the battery 
and we must take ambient temperature into consideration. A battery that is required to operate 
continuously at -18ºC (0º F.) will provide about 60% of its capacity. This same battery operated 
continuously in a 35º C (95º F.) environment will see its life expectancy cut in half. 
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The earth is a great heat sink which provides enormous insulation in high or low temperatures. 
By burying the battery in the ground we can increase its capacity at cold ambient temperatures 
and increase the life of the battery at high ambient temperatures. The battery with only 60% of 
its capacity at -18ºC (0º F) can be brought up to 85% to 90% capacity by burying it. With life cut 
in half at 35ºC (95ºF), burying the battery can bring it back to near normal life expectancy. 

 
6.4 Battery Sizing 
 
The battery capacity for a PV system can be calculated using the following formula:  
 
Capacity (AH) = Total Daily Load x Days of Autonomy x Design Factor 
 
The Design Factor depends on the battery’s average temperature during the coldest time of the 
year, as discussed above. The following table provides recommended Design Factors at various 
temperatures.  
 

Table 6-2. 
Lowest Battery Temperature 

Averaged over 24 Hours 
Degrees C Degrees F 

 
 

Design Factor 
25 or above 77 or above 1.25 

20 to 24 68 to 76 1.39 
10  to 19 50 to 67 1.43 

0  to 9 32 to 49 1.60 
-10 to -1 14 to 31 1.84 

-20 to -11 -4 to 13 2.23 
-30 to -21 -22 to -5 2.84 
-40 to -31 -40 to -23 4.17 

 
Example: 
 
For a 48VDC system, Total Daily Load of 30AH, 5 Days of Autonomy, and -8°C is the 
lowest average temperature, the required battery capacity is as follows: 
 
Battery Capacity = 30 x 5 x 1.84 = 276AH.  This requirement could be satisfied with a 
PVX-2580L, which has a C/120 rating of 305AH.  Four of these batteries in series gives 
4 x 12VDC = 48VDC.  
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CHAPTER 7 - SAFETY INFORMATION 
 

There are four main safety hazards associated with the use of any valve regulated lead acid 
(VRLA) battery.  These hazards are: a) Release of ignitable gas, b) Exposure to acid, c) 
Shorting of terminals, d) Thermal runaway.  This chapter provides a description of each of these 
hazards and means to mitigate them.     
 
7.1 Release of Ignitable Gasses 
 
All lead acid batteries, including VRLA batteries, produce hydrogen and oxygen gases during 
normal charging. Even though VRLA batteries are designed to recombine these gases 
internally, the recombination efficiency is less than 100%. Small amounts of hydrogen and 
oxygen are released from the pressure relief valve during charging.  Normally, the hydrogen gas 
dissipates very rapidly and never reaches a concentration level that is hazardous.  However, if 
the battery is installed in an enclosure with minimal airflow, the concentration of hydrogen could 
build up to a high enough concentration to be of concern.  Hydrogen can ignite at 
concentrations as low as 4% in air.  For this reason, never install a Sun Xtender® AGM 
battery in a sealed or an airtight container.     
 
7.2 Exposure to Acid  
 
All lead acid batteries contain sulfuric acid in the electrolyte, which can cause chemical burns to 
body tissue.  Although Sun Xtender® AGM batteries are classified as Nonspillable, exposure to 
the electrolyte is possible under extreme conditions (e.g., if the battery is cracked open or 
crushed).  In the event that electrolyte is displaced from the battery, avoid contact with 
the skin, eyes and clothing.  In the event of an accident, flush with water and call a 
physician immediately.  
 
7.3 Shorting of Terminals 
 
Sun Xtender® AGM batteries have very low internal impedance and therefore are capable of 
delivering high currents if the external terminals are short circuited. The resulting heat can 
cause severe burns and is a potential fire hazard. Accidentally placing metal objects across the 
terminals can result in severe skin burns. It is a good practice to remove all metallic items 
such as watches, bracelets and rings when installing or servicing batteries. As a further 
precaution, insulating gloves should be worn and only insulated tools should be used 
when installing or servicing batteries.  
 
7.4 Thermal Runaway 
 
Thermal runaway is a condition in which the battery temperature increases rapidly resulting in 
extreme overheating of the battery. Under rare conditions, the battery can melt, catch on fire, or 
even explode.  Thermal runaway can only occur if the battery is at high ambient temperature 
and/or the charging voltage is set too high.  As the battery accepts current, its internal 
temperature rises. The rise in temperature reduces the battery impedance, causing it to accept 
more current.  The higher current further heats the battery, and so on, causing the battery 
temperature to “runaway”.  An upper limit will eventually be reached when the electrolyte starts 
to boil, but once the electrolyte has boiled away, the temperature can climb even further to the 
point of plastic meltdown and possible fire.   
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As of this writing, Concorde does not know of any Sun Xtender® AGM batteries that have failed 
due to thermal runaway.  To preclude the possibility of thermal runway, the charging 
instructions of Chapter 4 should be carefully followed, especially if the battery will be 
subjected to high ambient temperatures.  Batteries should not be installed near heat 
sources or in direct sunlight that may artificially elevate their temperature. Also, there 
should be adequate air circulation around the batteries to prevent heat build-up.    
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APPENDIX A – GLOSSARY OF BATTERY TERMS 
 

AGM - Stands for Absorbed Glass Mat.  This is the separator system used 
in all Sun Xtender® AGM batteries. 

Active Material - Electrode material which produces electricity during its chemical 
conversion. In the positive plate it is lead dioxide. In the negative 
plate, it is sponge lead. 

Ampere - Unit of electrical current Abbreviated as amps or A.  
Amps = Watts/Volts or A = W/V. 

Ampere Hour (Ah) - The capacity of a storage battery is measured in ampere hours. 
One ampere hour is defined as a current flow of one ampere for a 
period of one hour. Five ampere hours means a current flow of 
one ampere for five hours, a current flow of 2 1/2 ampere for 2 
hours, or any multiple of current and time that will result in five. 
This relationship can be expressed as follows:  
Capacity (Ampere hours)= I*T, where I is the current (in 
amperes) and T is the time (in hours). The capacity of a storage 
battery is based on a given discharge rate, since the capacity will 
vary with the rate of discharge.  

Battery - Two or more chemical cells electrically connected together to 
produce electric energy. Common usage permits this designation 
to be applied also to a single cell used independently. 

Boost Charge - A charge applied to a battery which is already near a state of full 
charge, usually of short duration. 

C/X Rate - Discharge rate in amperes that will take X hours to fully discharge 
the battery.  C/1 = 1-hour rate, C/120 = 120-hour rate, C/0.5 = 
½-hour rate (normally written as 2C). 

Capacity - The quantity of electricity delivered by a battery under specified 
conditions, usually expressed in ampere hours. 

Capacity, Rated - A designation by the battery manufacturer which defines the 
performance of a new battery at a defined rate of discharge.  For 
Sun Xtender® AGM batteries, the rated capacity is based on the 
24 hour rate.  

Capacity, Residual - Capacity remaining at particular point in time after any set of 
operating conditions, usually at a partial state of charge condition. 

Case - The battery box which contains the cells and associated internal 
connectors.  

Cell - An electrochemical device composed of positive and negative 
plates, separator, and electrolyte which is capable of storing 
electrical energy. When encased in a container and fitted with 
terminals, it is the basic building block of the battery. 

Cell Reversal - Reversing of polarity within a cell in a multi cell battery due to 
over discharge. 

Charge - The conversion of electrical energy from an external source, into 
chemical energy within a cell or battery. 

Charge Rate - The rate at which current is applied to a cell or battery to restore 
its capacity. 

Charge Retention - The ability of a charged cell or battery to resist self discharge. 

Charge, State of - Ratio of the amount of capacity remaining in a battery to the 
capacity when fully charged.  A battery at 25% state of charge 
has 25% capacity remaining versus what it could give if fully 
charged.  

Charger - Device capable of supplying electrical energy to a battery. 

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 135 of 314



 

Document No. 6-0100 Rev. C  
   

Page 27 of 40

Charging - The process of converting electrical energy to stored chemical 
energy. The opposite of discharging. 

Charging Efficiency - Ratio of the Ampere hours delivered on discharge to the Ampere 
hours needed to fully charge a battery. 

Conditioning - A special constant current charge process used to restore a 
battery’s capacity after extended storage periods or deep 
discharge exposure. Also known as reconditioning.  

Connector - An electrically conductive bar or cable which joins individual cells 
together in a battery. 

Constant Current (CC) Charge - Charging technique where the output current of the charge source 
is held constant. Warning! This procedure may damage the 
battery if performed on a repetitive basis. 

Constant Voltage (CV) Charge - Charging technique where the output voltage of the charge source 
is held constant and the current is limited only by the resistance of 
the battery and / or the capacity of the charge source. Also known 
as Constant Potential (CP) charge. 

Container - The bottom portion of the cell container (excluding the cover). 

Coulometer - Electrochemical or electronic device, capable of integrating current 
and time to tally ampere-hours. Used for charge control. 

Counter EMF - Voltage of a cell or battery opposing the voltage of the charging 
source. 

Current - The rate of flow of electricity. The movement of electrons along a 
conductor. It is comparable to the flow of a stream of water. The 
unit of measurement is an ampere. 

Current Density - The amount of electric current passing through a given cross-
sectional area of a conductor in amperes per square inch, i.e: the 
ratio of the current in amperes to the cross-sectional area of the 
conductor. 

Cut Off Voltage - Battery voltage reached at the termination of a discharge. Also 
known as end point voltage or EPV. 

Cycle - One sequence of discharge and charge. 

Cycle Life - The total number of charge/discharge cycles before the battery 
reaches end of life (generally 80% of rated capacity). 

Deep Discharge - Withdrawal of more than 80% of the rated capacity. 

Depth Of Discharge - The portion of the capacity taken out during a discharge, 
expressed as a percent of rated capacity.  

Discharge - The conversion of the chemical energy of a cell or battery into 
electrical energy and withdrawal of the electrical energy into a 
load. 

Discharge rate - The rate of current flow from battery, generally expressed in 
amperes. 

Duty Cycle - The conditions and usage to which a battery is subjected during 
operation, consisting of discharge, charge, and rest periods. 

Electrode - Conducting body in which active materials are placed and through 
which current enters or leaves cell. 

Electrolyte - In a lead acid battery, the electrolyte is sulfuric acid diluted with 
water. It is a conductor and is also a supplier of hydrogen and 
sulfate ions for the reaction. 

Electromotive Force (EMF) - Potential causing electricity to flow in a closed circuit.  Measured 
in volts. 
 

End Of Discharge Voltage - The voltage of the battery at the termination of a discharge but 
before the discharge is stopped. See End Point Voltage (EPV). 
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End Of Life - The stage at which the battery fails to deliver acceptable capacity 
(typically 80% of nameplate rating).  

End Point Voltage - Voltage at which point the rated discharge capacity had been 
delivered at a specified rate of discharge. Also used to specify 
voltage below which the connected equipment will not operate or 
below which operation is not recommended. Sometimes called 
cutoff voltage or voltage end point. 

Energy - Output capability, expressed as capacity times voltage, or  
Watt hours (Whr).  

Energy Conversion - The change from chemical to electrical energy within the cell, or 
the reverse. 

Energy Density - The ratio of battery energy to either the weight (Wh/lb or Wh/kg) 
or the volume (Wh/L or Wh/cu.in.). 

Environmental Conditions - External circumstances to which a cell or battery may be 
subjected, such as ambient temperature, humidity, shock, and 
vibration. 

Equalization Charge - A maintenance procedure consisting of a sustained overcharge 
used to correct cell imbalance. 

Fast charging - Rapid return of energy to a battery at the C rate or higher. 

Float charge - A method of maintaining a battery in a charged condition by 
continuous, long term, constant voltage charging at level sufficient 
to balance self-discharge. 

Flooded cell - A cell design which incorporates an excess amount of electrolyte, 
also see Vented Cell. 

Gassing - The evolution of gas from one or more of the electrode plates in a 
cell. Gassing commonly results from local action (self discharge) 
or from the electrolysis of water in the electrolyte during charging. 

High Rate Discharge - Withdrawal of large amounts of current for short intervals of time 
from a battery, usually at a rate that will completely discharge a 
cell or battery in less than 1 hour. 

Internal Impedance - Same as Internal Resistance. 

Internal Resistance - The opposition or resistance to the flow of a direct electric current 
within a cell or battery; the sum of the ionic and electronic 
resistance of the cell components. Its value varies with the 
current, state of charge, temperature, and age. With an extremely 
heavy load, such as an engine starter, the cell voltage may drop 
significantly. This voltage drop is due to the internal resistance of 
the cell. A cell that is partly discharged has a higher internal 
resistance than a fully charged cell, hence it will have a greater 
voltage drop under the same load. This change in internal 
resistance is due to the accumulation of lead sulfate in the plates.  

Ion - Part of a molecule or group of atoms, positively or negatively 
charged, which transports electricity through the electrolyte. 

Lead Acid - Terms used in conjunction with a battery that utilizes lead and 
lead dioxide as the active plate materials in a diluted electrolyte 
solution of sulfuric acid and water.  

Lead Dioxide - A higher oxide of lead present in charged positive plates and 
frequently referred to as lead peroxide (PbO2). 

Lead Sulfate - A lead salt formed by the action of sulfuric acid on lead oxide 
during paste mixing and formation. It is also formed 
electrochemically when a battery is discharged. 

Life - The duration of satisfactory performance, measured as usage in 
years or as the number of charge/discharge cycles. 
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Low Rate Discharge - Withdrawal of small amounts of current for long periods of time 
from a battery. 

Migration - Directed movement of an ion of the electrolyte under the influence 
of an electric field. 

Monobloc - A battery assembly that contains multiple cells connected in series 
or parallel and housed in a  single container.  

Negative Electrode - See Negative Plate. 

Negative Plate - The plate which has an electrical potential below that of the other 
plate during normal cell operation. Positive current flows to the 
negative plate during discharge. 

Nominal Voltage - Equivalent to the number of cells in series in a battery times 2 
volts per cell.  A 6 cell battery has a nominal voltage of 12 volts.  

Open Circuit Voltage - The voltage of a battery when it is not delivering or receiving 
power, and has been at rest long enough to reach a steady state 
(normally, at least 4 hours). 

Overcharge - The forcing of current through a cell after all the active material 
has been converted to the charged state. In other words, charging 
continued after 100% state of charge is achieved. The result will 
be the decomposition of water in the electrolyte into hydrogen and 
oxygen gas, heat generation, and corrosion of the positive 
electrode. 

Oxygen recombination - The process by which oxygen generated at the positive plate 
during charge reacts with the pure lead material of the negative 
plate and in the presence of sulfuric acid reforms water. 

Parallel connection - Voltage stays the same, discharge rate and AH capacity are 
additive.  

Plate - A grid or framework that gives mechanical support to the active 
materials of a cell. The combination is termed a pasted plate. 

Polarity - The electrical term used to denote the voltage relationship to a 
reference potential (+). 

Positive Electrode - See Positive Plate. 

Positive Plate - The plate which has an electrical potential higher than that of the 
other plate during normal cell operation. Positive current flows 
from the positive plate during discharge. 

Power - Rate at which energy is released or consumed (expressed in 
watts). 

Power Efficiency - The proportion, expressed in percent, of energy recovered from a 
storage system, i.e: output power divided by input power. 

Rated Capacity - See Capacity, Rated 

Rechargeable Secondary 
Cell or Battery - 

A cell or battery which can be recharged many times after being 
discharged without appreciable depreciation of capacity. 

Recombination - See Oxygen recombination. 

Resealable - In a cell, pertains to a safety vent valve which is capable of 
closing after each pressure release, in contrast to the non 
resealable vent cap. 

Reversible Reaction - A chemical change which takes place in either direction, as in the 
reversible reaction for charging or discharging a secondary 
battery. 

Sealed Cells - Cells that are free from routine maintenance and can be operated 
without regard to position. 

Secondary Battery - A system which is capable of repeated use by employing chemical 
reactions that are reversible, i.e., the discharged energy may be 
restored by supplying electrical current to recharge the cell. 
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Self Discharge - The decrease in the state of charge of a cell or a battery, over a 
period of time, due to internal electrochemical losses. 

Separator - An insulating sheet or other device employed in a storage battery 
to prevent metallic contact between plates of opposite polarity 
within a cell. 

Series Connection - Voltage of the system is cumulative. Capacity stays the same.  

Shelf Life - The period of time (measured from date of manufacture) at a 
specified storage temperature after which the cell or battery needs 
to be boost charged so it does not suffer permanent capacity loss. 

Specific Energy - The energy storage ability of a battery on a weight basis, usually 
expressed in watt hours per pound (or kilogram); sometimes 
given on a volume basis in watt hours per cubic foot (or liter). 

Starved Cell - A cell containing little or no free fluid electrolyte solution; this 
enables gases to reach electrode surfaces readily, and permits 
relative high rates of recombination. 

State Of Charge (SOC) - The available ampere hours in a battery at any given time relative 
to its full charge capacity. 

Sulfation - Refers to the formation of hard lead sulfate crystals in the plates 
that are difficult, if not impossible, to reconvert to active material. 

Temperature, Ambient - The average temperature of the battery's surroundings. 

Temperature, Cell - The average temperature of the battery's internal components. 

Terminal - An electrical conductor used in a battery to make electrical 
connection to external circuits for charging and discharging. 

Trickle Charging - Method of charging in which the battery is either continuously or 
intermittently connected to a constant current charging source to 
maintain the battery in a fully charged condition. Not 
recommended for use with Sun Xtender® AGM batteries. 

Vent Valve - A normally closed check valve located in a cell which allows the 
controlled escape of gases when the internal pressure exceeds its 
rated value. 

Venting - A release of gas either controlled (through a vent) or accidental 
from a battery cell. 

Volt - Unit of electromotive force, voltage or potential. The volt is the 
voltage between two points of a conductor carrying a constant 
current of one ampere, when the power dissipated between these 
points is one watt. 

Voltage Limit - The upper limit of the charge voltage that is applied to the 
battery.  
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APPENDIX B – FREQUENTLY ASKED QUESTIONS (FAQ’S) 
 

What does AGM stand for?  
It stands for Absorbed Glass Mat, the type of separator used in all Sun Xtender® AGM batteries.  
 
What is the difference between AGM batteries and Gel batteries? 
Both AGM and Gel batteries utilize oxygen recombination and pressure relief valves to minimize water 
loss and allow maintenance-free operation. That is where the similarities end. AGM batteries have the 
advantage of being mountable in any orientation without capacity loss, have lower internal impedance to 
support high load currents, and have better capacity at low temperatures. Gel batteries must be mounted 
upright to prevent air pockets from forming that will burn out the plates.  They have inferior performance 
at high discharge rates and low temperatures.  Refer to Chapter 3 for further details. 
 
Why should I choose Sun Xtender®  AGM batteries? 
Concorde has been supplying Sun Xtender®  AGM batteries to the Renewable Energy Storage/ Solar 
Energy / Photovoltaic (PV) Industries for over 20 years, providing excellent performance, reliability and 
life. Applications include installations for telecommunications, village power, medical refrigeration, remote 
home, supervisory control & data acquisition, cathodic protection, telemetry, residential homes, aids to 
navigation [sea & air], lighting, and many more uses. With this long history and wide variety of successful 
applications, prospective customers are assured that Sun Xtender® AGM batteries have proven 
themselves over and over again.  
 
What depth of discharge should be used when sizing a battery? 
To get the best cycle life, the average depth of discharge should be as low as possible.  Concorde 
recommends the average depth of discharge be no greater than 50% of the battery’s 24 hour rating. 
 
What is the maximum number of batteries that can be connected in parallel? 
There is no theoretical limit to the number of batteries that can be connected in parallel. As more batteries 
are paralleled together, the risk of one faulty battery affecting the entire battery bank increases. 
Depending on the criticality of the application, there may be a need to isolate each battery or battery 
string for fault protection or to allow servicing of individual batteries.   This can be accomplished by 
incorporating additional circuitry in the battery system that includes fuses, circuit breakers, or diodes. For 
more details on this subject, contact Concorde Battery for technical assistance.  
   
Can Sun Xtender® AGM batteries be installed in sealed containers? 
NO! Do not install Sun Xtender® AGM batteries in a sealed box or enclosure.  During charging, hydrogen 
gas can be released and must be ventilated to prevent the possibility of ignition and/or explosion.  
 
What is the best way to charge my battery?  
Charge with a 3 stage charger that compensates the voltage setting as the battery temperature changes. 
See Chapter 5 for further information.   
 
What is the best charge voltage setting for outdoor applications if temperature sensing is not available? 
NONE!  Charging voltage varies widely depending on the battery’s temperature and there is no single 
voltage that will work over a wide temperature range. Batteries will fail prematurely if this is attempted.    
 
How can I tell if my battery is fully charged?  
For a battery at room temperature, it can be considered fully charged when the charging current falls 
below 0.5A per 100Ah of rated capacity.  The open circuit voltage (after at least 4 hours of rest) will be 
2.17 volts per cell or higher (13.0 volts for a 12-volt battery), regardless of the battery temperature.     
 
How do I know when it is time to replace my battery? 
Replace the battery when it no longer is capable of supporting the discharge load for the minimum 
required run time.   
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APPENDIX C – CHARTS AND GRAPHS 

 
Battery Load Voltage vs. DOD 

 
Below are listed the one hour, 8 hour, 24 hour and 120 hour load voltages during the discharge 
cycle from full charge to 100% discharge to 1.75V/cell or 10.5V (6 cells) at 25°C (77°F). 
 

DOD (%) 1 hr. Rate 8 hr. Rate 24 hr. Rate 120 hr. Rate 
10 12.23 12.60 12.65 12.69 
20 12.16 12.51 12.55 12.58 
30 12.07 12.39 12.42 12.45 
40 11.96 12.25 12.28 12.32 
50 11.83 12.11 12.15 12.18 
60 11.70 11.98 12.02 12.05 
70 11.55 11.79 11.83 11.88 
80 11.38 11.59 11.61 11.65 
90 11.15 11.32 11.34 11.40 
100 10.50 10.50 10.50 10.50 

 
Please note that these voltages are averages and will vary slightly from battery to battery even 
of the same rating. They are, however, a good indicator of state of charge and can be used 
when setting low voltage alarms or disconnects for a Concorde AGM battery. Other battery 
types or manufacturers voltage vs. DOD may be substantially different. The data is for newer 
batteries with relatively few cycles. An older battery will measure a lower voltage for a given 
DOD.  

 
SOC (%) vs. OCV 

 
An easy method to estimate the State of Charge (SOC) of the battery is by measuring its Open 
Circuit Voltage (OCV). This measurement should be made after the battery has been at rest for 
a minimum of four hours with the battery shut off from its charging source and load. The voltage 
is listed as Volts/cell and for a 12V (6 cell) battery at 25°C (77°F). 
 

State of Charge (%) OCV per cell OCV per 12V battery 
100 2.13 or greater 12.8 or greater 
75 2.08 12.5 
50 2.03 12.2 
25 1.98 11.9 
0 1.93 or less 11.6 or less 

 
These voltage levels are approximate and give an indication of the state of charge of a battery 
at rest. As the battery ages these voltage measurements will be lower. 
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1 5 - 2 5  W A T T S  D C / D C  S I N G L E  

Specifications
INPUT 
Input voltage 9.2–16V, 19–32V, 38–63V, 85–140V

OUTPUT

Output voltage See table

Voltage adjustment ±10%

Output current See table

Ripple & noise (Output V x 1%) +100mV pk-pk

Line regulation 0.9% over input range

Load regulation 0.8% (0%–100%)

Temperature coefficient 0.03% per °C

Drift (Output V x 0.5% +15mV) per 8 hrs

Overcurrent protection Current limit

Overvoltage protection Output shutdown

Rise time 500ms for PBI2H 110V inputs
100ms others

Holdup time 10ms typical

OPERATING 

Efficiency 78%–-89%

Isolation Input – Output: 2000VAC
Input – Case: 2000VAC
Output – Case: 500VAC

Insulation resistance Input – Output – Case: 50M

ENVIRONMENTAL

Operating temperature 0°C to 50°C

Storage temperature -20°C to 85°C

Cooling Convection cooled

Humidity 85%

Vibration 5Hz–10Hz 10mm, 10Hz–55Hz 2G

Shock 30G

STANDARDS AND APPROVALS

Safety Designed to UL1950

C-tick AS/NZS CISPR11 Group 1, Class A

Features
• Low profile
• Overcurrent protection
• Overvoltage protection
• Output voltage adjustable
• Smaller sized

Selection Table
MODEL
NUMBER

INPUT OUTPUT OUTPUT
POWER

PBI2H-1205F 9.2-16V 5V 3A 15W

PBI2H-1212F 9.2-16V 12V 1.3A 15W

PBI2H-1215F 9.2-16V 15V 1A 15W

PBI2H-1224F 9.2-16V 24V 0.7A 15W

PBI2H-1248F 9.2-16V 48V 0.35A 15W

PBI2H-2405F 19-32V 5V 3A 15W

PBI2H-2412F 19-32V 12V 1.3A 15W

PBI2H-2415F 19-32V 15V 1A 15W

PBI2H-2424F 19-32V 24V 0.7A 15W

PBI2H-2448F 19-32V 48V 0.35A 15W

PBI2H-4805F 38-63V 5V 3A 15W

PBI2H-4812F 38-63V 12V 1.3A 15W

PBI2H-4815F 38-63V 15V 1A 15W

PBI2H-4824F 38-63V 24V 0.7A 15W

PBI2H-4848F 38-63V 48V 0.35A 15W

PBI2H-11005F 85-140V 5V 3A 15W

PBI2H-11012F 85-140V 12V 1.3A 15W

PBI2H-11015F 85-140V 15V 1A 15W

PBI2H-11024F 85-140V 24V 0.7A 15W

PBI2H-11048F 85-140V 48V 0.35A 15W

MODEL
NUMBER

INPUT OUTPUT OUTPUT
POWER

PBI2H-1205G 9.2-16V 5V 5A 25W

PBI2H-1212G 9.2-16V 12V 2.1A 25W

PBI2H-1215G 9.2-16V 15V 1.7A 25W

PBI2H-1224G 9.2-16V 24V 1.1A 25W

PBI2H-1248G 9.2-16V 48V 0.5A 25W

PBI2H-2405G 19-32V 5V 5A 25W

PBI2H-2412G 19-32V 12V 2.1A 25W

PBI2H-2415G 19-32V 15V 1.7A 25W

PBI2H-2424G 19-32V 24V 1.1A 25W

PBI2H-2448G 19-32V 48V 0.5A 25W

PBI2H-4805G 38-63V 5V 5A 25W

PBI2H-4812G 38-63V 12V 2.1A 25W

PBI2H-4815G 38-63V 15V 1.7A 25W

PBI2H-4824G 38-63V 24V 1.1A 25W

PBI2H-4848G 38-63V 48V 0.5A 25W

PBI2H-11005G 85-140V 5V 5A 25W

PBI2H-11012G 85-140V 12V 2.1A 25W

PBI2H-11015G 85-140V 15V 1.7A 25W

PBI2H-11024G 85-140V 24V 1.1A 25W

PBI2H-11048G 85-140V 48V 0.5A 25W

MODEL
NUMBER

INPUT OUTPUT OUTPUT
POWER

PBI2H-1205J 9.2-16V 5V 8A 50W

PBI2H-1212J 9.2-16V 12V 3.3A 50W

PBI2H-1215J 9.2-16V 15V 2.7A 50W

PBI2H-1224J 9.2-16V 24V 1.7A 50W

PBI2H-1248J 9.2-16V 48V 0.8A 50W

PBI2H-2405J 19-32V 5V 10A 50W

PBI2H-2412J 19-32V 12V 4.3A 50W

PBI2H-2415J 19-32V 15V 3.4A 50W

PBI2H-2424J 19-32V 24V 2.5A 50W

PBI2H-2448J 19-32V 48V 1.1A 50W

PBI2H-4805J 38-63V 5V 10A 50W

PBI2H-4812J 38-63V 12V 4.3A 50W

PBI2H-4815J 38-63V 15V 3.4A 50W

PBI2H-4824J 38-63V 24V 2.5A 50W

PBI2H-4848J 38-63V 48V 1.1A 50W

PBI2H-11005J 85-140V 5V 10A 50W

PBI2H-11012J 85-140V 12V 4.3A 50W

PBI2H-11015J 85-140V 15V 3.4A 50W

PBI2H-11024J 85-140V 24V 2.5A 50W

PBI2H-11048J 85-140V 48V 1.1A 50W
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Your dependable power partner – www.powerbox.com.au 105
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PBI2H Series
1 5 - 1 5 0  W A T T S  S I N G L E  O U T P U T

PBI2H-F  (15W)

PBI2H-G  (25W)

PBI2H-J  (50W)

Technical Illustrations
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125 watt photovoltaic module

BP 3125

BP 3125

BP 3125 I-V Curves

Voltage (V)
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The BP 3125 is revolutionary in its construction and features IntegraBusTM 

technology. IntegraBusTM  is a printed circuit board with integrated diodes that 

is especially designed to ensure reliability whilst managing the high current 

(over 7 amps) produced by our 156mm x 156mm cells. The silicon nitride 

(SiN) coated multicrystalline cells used in this module are the largest solar 

cells commercially available today. These new features give the BP 3125 the 

highest rated power output of any 12V product. It is especially popular for 

off-grid applications such as telecommunications, water pumping and remote 

residential systems.   

Performance  BP 3125  BP 3115

Rated power  125W  115W 

Power tolerance  5%  5% 

Nominal voltage  12V  12V

Warranty  90% of minimum warranted power output over 12 years

 80% of minimum warranted power output over 25 years  

 Free from defects in materials and workmanship for 5 years

Configuration

BP 3125N  Universal frame, a sealed junction box with output cables 

 and polarised Multicontact (MC) connectors

BP 3125J Universal frame with an accessible junction box for  

 cable connection

Qualification test parameters

Temperature cycling range  -40°C to +85°C
Damp heat test  85°C and 85% relative humidity
Front and rear static load test (eg: wind) 2400 Pa
Front load test (eg: snow)  5400 Pa
Hailstone impact test  25mm hail at 23m/s

Quality and safety

• Manufactured in ISO 9001 and ISO 14001 certified factories 
• Conforms to European Community Directive 89/33/EEC, 73/23/EEC, 93/68/EEC 
• Certified to IEC 61215

Module power measurements calibrated to World Radiometric Reference through ESTI 
(European Solar Test Installation at Ispra, Italy)

Framed modules certified by TÜV Rheinland as Safety Class II (IEC 60364) equipment  
for use in systems up to 1000 VDC

Framed modules listed by Underwriter’s Laboratories for electrical and fire safety  
(Class C fire rating)

Approval by Factory Mutual Research in NEC Class 1, Division 2, Groups C and D 
hazardous locations (BP####J)
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125 watt photovoltaic module

BP 3125

This publication summarises product warranty and specifications which are subject to change without notice.
Printed on recyclable paper stock.

Your BP Solar Dealer:

www.bpsolar.com.au

Typical electrical characteristics  BP 3125  BP 31153

Rated power (Pmax)1  125W  115W 
Warranted minimum power  118.75W  109.2W  
Voltage at Pmax (Vmp)  17.4V  17.1V  
 Current at Pmax (Imp)  7.2A  6.7A 
 Short circuit current (Isc)  8.1A  7.5A 
 Open circuit voltage (Voc)  22.0V  21.8V 
 Temperature coefficient of Isc  
 Temperature coefficient of Voc 
 Temperature coefficient of Pmax 
 NOCT2  
Maximum series fuse rating  15A (BP 3125N) / 2  (BP 3125J) 
Maximum system voltage  1000V (IEC 61215 rating) 
 1000V (TÜV Rheinland rating)  

©
B

P
 S

ol
ar

 P
ty

 L
td

 2
00

7

Module diagram

Mechanical characteristics  BP 3125N / BP 3125J4

Dimensions  1510 x 674 x 50mm
(Overall tolerances +/-3mm)

Weight   12.0kg
Frame   Clear anodised aluminium, alloy type 6063T6.  

Colour: silver.
Solar cells   36 cells (156mm x 156mm) configured geometrically for a 9 x 4 matrix 

connected in series.
Output cables (BP 3125N)   RHW AWG# 12 (4mm²) cable with polarized weatherproof DC rated 

Multicontact (MC) connectors; asymmetrical lengths 900mm (-) and 
800mm (+).

Junction box (BP 3125J)  IP65 junction box with four terminal screw connection block, accepts  
  PG 13.5, M20, 13mm conduit, or cable fittings accepting 6-12mm  
  diameter cable. 
  Terminals accept 2.5 - 10mm² (8 to 14 AWG) wire.
Diodes  IntegraBusTM technology includes Schottky by-pass diode integrated  
  into the printed circuit board.
Construction  Front: high transmission 3mm tempered glass  
  Rear: white Polyester; encapsulant: EVA.

1.Standard test conditions (STC), irradiance of 1000W/m2 at an AM1.5G solar spectrum and a cell temperature of 25OC. 
2. Normal operating cell temperature (NOCT) air temperature of 20OC; irradiance 800W/m2; wind speed 1m/s. 
3.Power of solar cells varies in the normal course of production; the BP 3115 is assembled using cells of slightly lower power.
4.The mechanical characteristics of the BP 3115 and BP 3125 are identical.

4025A-2-02/07

(0.065±0.015)%/°C
-(80±10)mV/°C
-(0.5±0.05)%/°C
47±2°C
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Technical data
Solar
Charge
Controller

187

45
,3

M
A

D
E

 IN
 G

E
R

M
A

N
Y

96

Solar charge controller 
with LED PRS 1010 PRS 1515 PRS 2020 PRS 3030

System voltage 12 V  (24 V)

Battery input voltage 9,0 V - 17,0 V (17,1 V - 34,0 V)

Max. module input short 
circuit current

10 A 15 A 20 A 30 A

Max. load output current 10 A 15 A 20 A 30 A

Max. self consumption < 4 mA

End of charge voltage (float)   13,9 V  (27,8 V)

Boost charge voltage; 1 h 14,4 V  (28,8 V)

Equalisation charge 
(deaktivted for gel accu); 1 h 

14,7 V  (29,4 V)

Reconnection setpoint 
(SOC/LVR) 

> 50 %/12,5 V  (25,0 V) 

Deep discharge protection 
(SOC/LVD)    

< 30 %/11,1 V  (22,2 V)  

Ambient temperature allowed -25 °C ... +50 °C

Terminal size (fine/single wire) 16 mm²/25 mm²

Enclosure protection class IP 34

Weight ca. 350 g

Dimensions l x w x h 187 x 96 x 45,3 mm

Technical data at 25 °C / 77 °F

Steca Solarix PRS
The simplicity and high performance of the new Steca 
Solarix PRS solar charge controller make it particularly at-
tractive. At the same time, it offers a modern design and 
a convenient display, all at an extremely attractive price. 

Several LEDs in various colours emulate a tank display, 
which gives information on the charge status of the bat-
tery. Here, Steca’s latest algorithms are employed in order 
to guarantee optimal battery maintenance. The Solarix 
PRS charge controllers are equipped with an electronic fu-
se, thus ensuring the optimal protection. They operate on 
the serial principle, and separate the solar module from 
the battery in order to protect it against overcharging. 

The Solarix PRS charge controllers are universal charge 
controllers, which means they can be used with lead-acid 
batteries or gel batteries without the need for complex 
configuration settings.

For larger projects, the charge controllers can also be 
equipped with special functions. These include the night 
light function, and selectable charging plateau and deep-
discharge protection voltages.

Power class 
10 A - 30 A

0 A 50 A 100 A 150 A

720 WSHS RV

Functions
Low-loss serial controller

PWM-controlled constant-voltage charging

Battery charging with automatic charging 
mode selection (float, boost, equal)

Recognises and carries out a maintenance charge 
(boost charge every 30 days if idle)

Automatically adjusts to the voltage level 12 V/24 V

Current-dependent load deactivation

Automatic load reactivation

Temperature compensation

Grounding on the plus side

Integrated self test (start voltage 17.0 V)

Made in Germany (development and production)

Display
4 separate LEDs to display the battery charge status

LEDs (red/green) to display the function status



























Electronic protection functions
Battery-overload protection (HVD)

Deep-discharge protection (LVD)

Automatic electronic fuse

Reverse-polarity protection at module input, 
of the load and the battery connection

Reverse-polarity protection of the module

Short-circuit protection of the load and the module

Good electromagnetic compatibility

Idling protection in case no battery is connected

Prevention of back current into the module

Integrated temperature compensation of the end-of-
charge voltage (0 °C to +50 °C, factor -4mV/K/cell)

Certificates
Manufactured by Steca in Germany under the 
 standards ISO 9001 and 14001

CE compliant
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5. Novaris Signal Line 

Protector 
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PROCESS CONTROL PROTECTION

SL Slimline Signal Line Protectors
Novaris SL range of plug-in signal line protectors provide surge protection for 
most twisted pair signalling schemes. Ideal for the protection of PLCs, fire 
and security systems, telecommunications and telemetry systems, railway 
signalling, SCADA and other industrial monitoring and control equipment.

Electrical Specifications

Connection type Series

Modes of protection Transverse and common mode

Maximum continuous voltage (DC) U0 7V 16V 34V 65V 200V 200V

Maximum continuous voltage (AC) Uc 5V 11V 24V 46V 140V 140V

Discharge current 8/20µs Imax 5kA

Maximum load current IL 350mA 180mA

Impulse voltage 1.2/50µs Up 8V 19V 40V 76V 235V 30V

Line resistance 8.2Ω 17Ω

3dB Frequency @ 50Ω 250kHz 10MHz 20MHz

Mechanical Specifications

Operating temperature / humidity -20 to +40ºC / 0 to 90% non-condensing

Terminal capacity 2.5mm2

Terminal screw torque 0.5Nm

Environmental IP 20

Mounting TS35 DIN rail

Weight 35g

Dimensions

Width 7mm

Height 102mm

Depth 68mm

Base Options

Earth connected to DIN rail G

Earth connected to DIN rail via GDT EC90

SL
7v

5

SL
18

SL
36

SL
68

SL
-P

TS
N

SL
-iS

w
itc

h

Standards Compliance

ITU-T K.44

AS/NZS 1768

IEEE C62.41

BS 6651

CP 33

IEC 61643-21

UL497B

      A-tick (PSTN & iSwitch)

Product Series  Base option
Top

SL 7v5 - G

IEC

2726
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PROCESS CONTROL PROTECTION

SL Slimline Signal Line Protectors
Novaris SL range of plug-in signal line protectors provide surge protection for 
most twisted pair signalling schemes. Ideal for the protection of PLCs, fire 
and security systems, telecommunications and telemetry systems, railway 
signalling, SCADA and other industrial monitoring and control equipment.

Electrical Specifications

Connection type Series

Modes of protection Transverse and common mode

Maximum continuous voltage (DC) U0 8V 34V* 8V

Maximum continuous voltage (AC) Uc 6V 24V* 6V

Discharge current 8/20µs Imax 5kA

Maximum load current IL 500mA

Impulse voltage 1.2/50µs Up 15V 50V 15V

Line resistance 3.9Ω

3dB Frequency @ 50Ω 20MHz

Mechanical Specifications

Operating temperature / humidity -20 to +40ºC / 0 to 90% non-condensing

Terminal capacity 2.5mm2

Terminal screw torque 0.5Nm

Environmental IP 20

Mounting TS35 DIN rail

Weight 35g

Dimensions

Width 7mm

Height 102mm

Depth 68mm

Base Options

Earth connected to DIN rail - G

Earth connected to DIN rail via GDT Standard EC90

* Voltage variations available by request

Standards Compliance

ITU-T K.44

AS/NZS 1768

IEEE C62.41

BS 6651

CP 33

IEC 61643-21

UL497B

SL
48

5-
EC

90

SL
-D

H

SL
-R

TD

Product Series  Base option
Top

SL 485 - EC90

IEC

2726
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6. Tamper Switch 
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Magnetic Reed and Security Switches

6-19Data Sheet Installation Manual Consultants Specification

Ordering Gap Closed D.P.D.T. S.P.D.T. LeadInformation Size Loop Type
Wide Gap Series 3" 2505A 2507A 3' StainlessSteel ArmoredCable
Double Pole Double Throw 11/2" 2507AD 3' StainlessSteel ArmoredCable
Biased for Higher Security 3/4" to 21/2" 2507AH 3' StainlessApplications Steel ArmoredCable

NOTE: Anodized aluminum finish

For Accessories, see pages 190-191

Protected by U.S. patent D255,030

2500 Series Aluminum Housing Armor Cable
Wide Gap

• Mounting brackets available for gates,

garage doors, freezers

• Rugged construction for long life

• Convenient surface mounting

• 2507H is polarity-sensitive with
reference to magnet direction

LISTED BY

UNDERW
RITERS' LABORATORIES OF

CA
NA

DA

Mounting Kits for 2500 Series
1092A Garage Door TrackMounting Kit for Model 2505A
Includes:

1- 1940 bracket

1- 1912 bracket

1- 2505A contact,
mounting screws
and instructions

1093A Curtain DoorMounting Kit for Model 2505A
Includes:

1- 1945 bracket

2- 1923 magnets

4- 1931 clips

1- 2505A contact

1094A Chain Link FenceMounting Kit for Model 2507AH
Includes:

1- 1941 bracket

1- 1942 bracket

1- 2507AH contact,
mounting screws
and instructions

UL!
LISTED

UL!
LISTED

UL!
LISTED

Not to scale

Commercial
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6-36 Data Sheet Installation Manual Consultants Specification

AluminumMahogany brown1/8" x 1/2" x 41/4"

Anodized aluminum

Anodized aluminum

Anodized aluminum

Anodized aluminum

Anodized aluminum

Anodized aluminum

Anodized aluminum

* for bracket dimensions, see pages 196-197

Product Accessory Number Color
2500 Series

Includes:1– 1920 magnet1– 1912 bracket2– #6-11/4" sheet metal screws4– #6- 3/4" sheet metal screws2– #6-32 x 3/4" machine screws2– #6-32 hex nuts

Continued on next page.

1912L Bracket for 2505A*

For other bracket configurationsfor this series, consult factory
1913Spacer

Aluminum tube, anodized finish
1920Magnet

1920DDouble Strength Magnet

Aluminum case
1940Garage Door Track Bracket*for 2505A

1941Chain Link Fence Bracket*

For 13/8" to 21/2" post
1942Chain Link Fence Bracket*

For 21/2" to 4" post
1945Garage Door Track Bracket*for 2505A

For curtain type
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Magnetic Reed and Security Switches

6-37Data Sheet Installation Manual Consultants Specification

Black

Aluminum

Aluminum

Aluminum

WhiteMahogany brown

WhiteMahogany brown

BlackNatural

2500 Series (continued)

1075 Series

Includes:1– 1924 magnet

1968Spacer for 2505A

1092AGarage Door TrackMounting Kitfor Model 2505A
Includes:1– 1940 bracket kit1– 1912 bracket1– 2505A contactMounting screws and instructions
1093ACurtain Door Mounting Kitfor Model 2505A

Includes:1– 1945 bracket2– 1923 magnets4– 1931 clips1– 2505A contact
1094AChain Link FenceMounting Kit for 2507A
Includes:1– 1941 bracket1– 1942 bracket1– 2507AH contact, mounting screws and instructions
1902Empty Shell

1924Magnet

1908Adapter

Adapts 3/8" switches to 3/4"

Product Accessory Number Color
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7. Endress & Hauser 
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¸
Parameter Setting
10238808-2038514

52717132 PROSONIC FLOW 93 W
Purchase order number Transmitter/Sensor

543102-10 / Endress+Hauser Flowtec AG DN100
Order Nº/Manufacturer Nominal diameter

93WA2-MA3C10ACAAAA - 
Order code Tag Nº

AB04D602000
Serial Nº

Device software V2.01.00

Current output 1
Value 0/4 mA 0 l/s
Value 20 mA 10 l/s
Current span 4-20 mA HART

Pulse output 1
Pulse value 1 l
Output signal passive/positive

17.11.2008
Date

Endress+Hauser Flowtec AG
Kägenstrasse 7 / Rue de l'Europe 35
CH-4153 Reinach / F-68700 Cernay

Page  1 / 1

The below parameters are set according to your order.
Please refer to the Operating Manual for any parameters not mentioned.
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BA070D/06/en/11.04

50099983

Valid as of version:

V 2.00.XX (Device software)

Operating Instructions

Proline Prosonic Flow 93
Ultrasonic Flow Measuring System

6

A0000891

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 165 of 314



Brief operating instructions Proline Prosonic Flow 93

2 Endress+Hauser

Brief operating instructions

These brief operating instructions explain how to configure your measuring device quickly and 

easily: 

Safety instructions Page 7

Please read the safety instructions through carefully.

A0000893

▼

Connecting the transmitter Page 47

Install the sensors using the transmitter software. Therefore connect the transmitter first to 

the power supply.

A0001051

▼

Display and operating elements Page 54

A short overview of the different display and operating elements to allow you to start 

quickly.

A0001052

▼

Installing the sensors Page 21 ff.

Installing the flowrate measuring sensors Prosonic Flow P (clamp-on)

Installing the flowrate measuring sensors Prosonic Flow W (clamp-on)

Installing the flowrate measuring sensors Prosonic Flow U (clamp-on)

Installing the flowrate measuring sensors Prosonic Flow W (Insertion)

Installing the sound velocity measuring sensors DDU 18

Installing the wall thickness measuring sensor DDU 19

A0001053

▼

1 2

Esc

E+-

XXX.XXX.XX
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Proline Prosonic Flow 93 Brief operating instructions

Endress+Hauser 3

“SENSOR INSTALLATION” Quick Setup Page 76

Measuring devices with a local display:

Use this “Quick Setup” (  → Page 76) to determine the data required for sensor installation 

such as sensor distance (1), wire length, pipe materials, sound velocity in liquids, etc.

– The system provides you with the sensor distance for the W/P/U “clamp-on” versions as 

distance data. For the W and P sensors, you also receive the data in the form of a letter for 

sensor 1 and in the form of a number for sensor 2. You can thus easily position the sen-

sors with the aid of the mounting rail.

– With the butt-weld version, you receive the sensor distance as distance data.

Measuring devices without a local display:

No “Sensor Installation” Quick Setup is available for devices without a local display. 

The sensor installation procedure for such devices is explained on  → Page 84.

Connection of the sensor/transmitter connecting cable  → Page 45

A0001054

▼

Commissioning via “QUICK SETUP”

Commissioning via ToF Tool - Fieldtool Package

Page 78, 84

Measuring devices with a local display:

You can commission your measuring device quickly and easily using the special “Quick 

Setup” menu   → Page 78. This means that important basic functions can be configured 

directly via the local display, e.g. display language, measured variables, engineering units, 

etc.

Where necessary, the following adjustments and configurations must be carried out 

separately:

– Zero point adjustment

– Bus address

– Tag name

– Configuration of the totalizers

Measuring devices without a local display:

No “Commissioning” Quick Setup is available for devices without a local display. 

The commissioning procedure for such devices is explained on  → Page 84

A0001055

▼

Application-specific QUICK SETUPs Page 80 ff.

In “Quick Setup” mode, you have the option of starting other, application-specific Quick 

Setups, for instance the menu for measuring pulsating flow.

A0001057

▼

1

1

1

1
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Brief operating instructions Proline Prosonic Flow 93

4 Endress+Hauser

! Note!

Always start trouble-shooting with the checklist on Page 105, if faults occur after startup.

Customer-specific configuration Page 57 ff.

Complex measurement tasks require the configuration of additional functions which you 

can individually select, set and adapt to your process conditions using the function matrix. 

There are two options:

– Setting parameters via the configuration program ToF Tool - Fieldtool Package

– Setting parameters via the local display (optional)

All functions are described in detail, as is the function matrix itself, in the “Description of 

Device Functions” manual, which is a separate part of these Operating Instructions.

A0001056

▼

Data storage Page 95 ff.

The configuration of the transmitter can be stored on the integrated T-DAT data storage 

device. 

! Note! 

For time-saving commissioning, the settings stored in the T-DAT can be transmitted:

– For equivalent measuring points (equivalent configuration,)

– In the event of device/board replacement.

…

…

…

…

…

…

…

…

0001

2001

0401

2021

2201

0002

2002

0402

2022

2202

0003

2003

0403

2023

2203

0009

2009

0409

2029

2209

0429

2049

2069

0421

2041

0422

2042

0423

2043

20632061 2062

0000

2000

0400

2020

2200

0420

2040

2060

000

200

040

202

220

042

204

206

AAA

BAA

ACA

CAA

CBA

A

B

C

D, E, …
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Proline Prosonic Flow 93 Contents

Endress+Hauser 5
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1 Safety instructions

1.1 Designated use

The measuring device described in these Operating Instructions is to be used only for measuring the 

flow of fluids in closed pipes, e.g.:

• Acids, alkalis, paints, oils

• Liquid gas

• Ultrapure water with low conductivity, water, wastewater

In addition to the volume flow, the system measures the sound velocity in the fluid. The sound 

velocity can be used to distinguish different fluids or as a measure of fluid quality.

Resulting from incorrect use or from use other than that designated the operational safety of the 

measuring devices can be suspended. The manufacturer accepts no liability for damages being 

produced from this.

1.2 Installation, commissioning and operation

Note the following points:

• Installation, connection to the electricity supply, commissioning and maintenance of the device 

must be carried out by trained, qualified specialists authorized to perform such work by the facil-

ity's owner-operator. The specialist must have read and understood these Operating Instructions 

and must follow the instructions they contain.

• The device must be operated by persons authorized and trained by the plant operator. Strict 

compliance with the instructions in the Operating Instructions is mandatory.

• Endress+Hauser will be happy to assist in clarifying the chemical resistance properties of parts 

wetted by special fluids, including fluids used for cleaning.

• If welding work is performed on the piping system, do not ground the welding appliance through 

the Prosonic flowmeter.

• The installer must ensure that the measuring system is correctly wired in accordance with the 

wiring diagrams. The transmitter must be grounded, unless the power supply is galvanically 

isolated.

• Invariably, local regulations governing the opening and repair of electrical devices apply.

1.3 Operational safety

Note the following points:

• Measuring systems for use in hazardous environments are accompanied by separate “Ex docu-

mentation”, which is an integral part of these Operating Instructions. Strict compliance with the 

installation instructions and connection data as listed in the supplementary “Ex” documentation 

is mandatory. The symbol on the front of the Ex documentation indicates the approval and the 

certification body 

(0 Europe, 2 USA, 1 Canada).

• The measuring device complies with the general safety requirements in accordance with

EN 61010, the EMC requirements of EN 61326/A1, and NAMUR Recommendation NE 21 

and NE 43.

• The manufacturer reserves the right to modify technical data without prior notice. Your 

Endress+Hauser distributor will supply you with current information and updates to these 

Operating Instructions.

1.4 Return

The following procedures must be carried out before a flowmeter requiring repair or calibration, 

for example, is returned to Endress+Hauser:
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• Always, enclose a fully completed “Declaration of contamination” form. Only then can 

Endress+Hauser transport, examine and repair a returned device.

• Enclose special handling instructions if necessary, for example a safety data sheet as per 

EN 91/155/EEC.

• Remove all fluid residues. Pay special attention to the grooves for seals and crevices which could 

contain fluid residues. This is particularly important if the fluid is hazardous to health, e.g. flam-

mable, toxic, caustic, carcinogenic, etc.

! Note!

A copy of the “Declaration of contamination” can be found at the end of these Operating 

Instructions.

# Warning!

• Do not return a measuring device if you are not absolutely certain that all traces of hazardous sub-

stances have been removed, e.g. substances which have penetrated crevices or diffused through 

plastic.

• Costs incurred for waste disposal and injury (caustic burns, etc.) due to inadequate cleaning will 

be charged to the owner-operator.

1.5 Notes on safety conventions and icons

The devices are designed to meet state-of-the-art safety requirements. They have been tested and 

left the factory in a condition in which they are safe to operate. The devices comply with the appli-

cable standards and regulations in accordance with EN 61010 “Protection Measures for Electrical 

Equipment for Measurement, Control, Regulation and Laboratory Procedures”. They can, however, 

be a source of danger if used incorrectly or for other than the designated use. 

Consequently, always pay particular attention to the safety instructions indicated in these Operating 

Instructions by the following symbols:

# Warning!

“Warning” indicates an action or procedure which, if not performed correctly, can result in injury 

or a safety hazard. Comply strictly with the instructions and proceed with care.

" Caution!

“Caution” indicates an action or procedure which, if not performed correctly, can result in incorrect 

operation or destruction of the device. Comply strictly with the instructions.

! Note!

“Note” indicates an action or procedure which, if not performed correctly, can have an indirect 

effect on operation or trigger an unexpected response on the part of the device. 
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2 Identification

2.1 Device designation

The “Prosonic Flow 93” flowmeter system consists of the following components:

• Transmitter Prosonic Flow 93

• Prosonic Flow W and U and Prosonic Flow P sensors

2.1.1 Nameplate of the Prosonic Flow 93 transmitter

A0001157

Fig. 1: Nameplate specifications for the “Prosonic Flow 93” transmitter (example)

1 Ordering code/serial number: See the specifications on the order confirmation for the meanings of the individual 

letters and digits.

2 Power supply / frequency: 16...62 V DC / 20...55 V AC / 50...60 Hz 

Power consumption: 15 VA / W

3 Available inputs and outputs: 

I-OUT (HART): with current output (HART) 

f-OUT: with pulse/frequency output 

RELAY: with relay output 

STAT-IN: with status input (auxiliary input)

4 Reserved for information on special products

5 Ambient temperature range

6 Degree of protection

PROSONIC FLOW 93PROSONIC FLOW 93
ENDRESS+HAUSER

Order Code:

Ser.No.:

TAG No.:

93PA1-XXXXXXXXXXXX

12345678901

ABCDEFGHJKLMNPQRST

16-62VDC/20-55VAC

50-60Hz

I-OUT (HART), f-OUT

RELAY, STATUS-IN

15VA/W

IP67 / NEMA / Type 4X

-20°C (-4°F) < Tamb < +60°C (+140°F) F
E
K
0

9
2

1

i

Pat. US 5,479,007

Pat. UK EP 618 680

1

2

5 6

3

4

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 173 of 314



2 Identification Proline Prosonic Flow 93

10 Endress+Hauser

2.1.2 Nameplate of the Prosonic Flow W/P sensors

A0001158

Fig. 2: Nameplate specifications for the “Prosonic Flow P” sensors (example)

1 Ordering code/serial number: See the specifications on the order confirmation for the meanings of the individual 

letters and digits.

2 Sensor type

3 Range of nominal diameter: DN 100...4000

4 Max. fluid temperature range: –40 °C (–40 °F) ... +80 °C (+175 °F)

5 Reserved for information on special products

6 Degree of protection

7 Ambient temperature range

8 Data on explosion protection: 

Refer to the specific additional Ex documentation for detailed information.

Please do not hesitate to contact your Endress+Hauser sales office if you have any questions.

2.1.3 Nameplate of the Prosonic Flow U sensors

A0001102

Fig. 3: Nameplate specifications for the “Prosonic Flow U” sensors (example)

1 Ordering code / serial number: See the specifications on the order confirmation for the meanings of the 

individual letters and digits.

2 Sensor type

3 Range of nominal diameters: DN 15...100

4 Max. fluid temperature range: –20 °C (–4 °F) ... +80 °C (+175 °F)

5 Degree of protection

6 Ambient temperature range: –20 °C (–4 °F) ... +60 °C (+140 °F)

7 Data on explosion protection

Refer to the specific additional Ex documentation for detailed information.

Please do not hesitate to contact your Endress+Hauser sales office if you have any questions.

II2G

F
E
K
0

9
2

4
-0

0
0

1

EEx ib IIC/IIB T6-T1

DMT 01 ATEX E ... X

E
N

D
R
E
SS

+
H

A
U

SE
R

C
H

-4
1

5
3

R
e

in
a

c
h

TYPE 6P
NEMA

IP68

Tamb/Tumg:-40°C..+60°C control dwg. of transmitter
For Installation refer to
CL.II, GP. EFG, CL.III
Dust-Ignitionproof for
CL.II, GP.EFG, CL.III
Intrinsically safe for CL.I, GP.ABCD

APPROVED

FM

0032

PROSONIC FLOW P
XXXXX-XXXXXXXXXXXX

ENDRESS+HAUSER

P-CL-1F-L-B

12345678901 RY

-40°C (-40°F) ... +80°C (+175°F)

Order Code:

DN100-DN4000
Type:

Ser.No.:
i

2001 06/a3/....
XA059D/

OPEN CLOSE

1

2
3
4
5

7

8

6

1

2
4
6

7

5

3

DN15 - DN100

-20°C (-4°F) ... +60°C (+140°F)
-20°C (-4°F) ... +80°C (+175°F)

T amb.:

TM:

Type: U-CL-2F-L-A i

IP54
CH 1

Order Code:

PROSONIC FLOW U
ENDRESS+HAUSER

Ser.No.:

93UA1-XXXXXXXXXXXX
12345678901

For Installation refer to control dwg. of transmitter

CL.I, Div.2, GP. ABCD

CL.I, Zone 2 IIC T6-T1
APPROVED

FM
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2.1.4 Nameplate, connections

A0000963

Fig. 4: Nameplate specifications for Proline transmitter (example)

1 Serial number

2 Possible configuration of current output

3 Possible configuration of relay contacts

4 Terminal assignment, cable for power supply: 85...260 V AC, 20...55 V AC, 16...62 V DC

Terminal No. 1: L1 for AC, L+ for DC

Terminal No. 2: N for AC, L- for DC

5 Signals present at inputs and outputs, possible configuration and terminal assignment (20...27),

see also “Electrical values of inputs/outputs”

6 Version of device software currently installed

7 Installed communication type, e.g.: HART, PROFIBUS PA, etc.

8 Information on current communication software (Device Revision and Device Description), e.g.: 

Dev. 01 / DD 01 for HART 

9 Date of installation

10 Current updates to data specified in points 6 to 9

Communication:

Revision:

Device SW:

XX.XX.XX

XX.XX.XX

XXXXXXXXXX

Date: DD.MMM.YYYY

Version infoex-works

2
6
(+

)
/
2
7
(-

)

NC:

Versorgung /

Tension d'alimentation

Observer manuel d'instruction

See operating manual
Betriebsanleitung beachten

Active: 0/4...20mA, RL max. = 700 Ohm

Passive: 4...20mA, max. 30VDC, Ri < 150 Ohm

Passive: 30VDC, 250mA

Passive: 30VDC, 250mA

(HART: RL.min. = 250 OHM)

fmax = 1kHz

3...30VDC, Ri = 5kOhm

f-OUT

I-OUT (HART)

12345678912Ser.No.:

Supply /

2
4
(+

)
/
2
5
(-

)

2
2
(+

)
/
2
3
(-

)

2
0
(+

)
/
2
1
(-

)

N/L-

PE

A:

NO:
P:

L1/L+

1 2

319475-00XX

A

P

active
passive
normally open contact
normally closed contact

XSTATUS-OUT

STATUS-IN X

Update 1 Update 2

2

3

1

4

5

6

7

8

9

10
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2.2 CE mark, declaration of conformity

The devices are designed to meet state-of-the-art safety requirements in accordance with sound 

engineering practice. They have been tested and left the factory in a condition in which they are 

safe to operate. The devices comply with the applicable standards and regulations in accordance 

with EN 61010 “Protection Measures for Electrical Equipment for Measurement, Control, Regula-

tion and Laboratory Procedures” and with the EMC requirements of EN 61326/A1. 

The measuring system described in these Operating Instructions is therefore in conformity with the 

statutory requirements of the EC Directives. Endress+Hauser confirms succesful testing of the 

device by affixing to it the CE mark.

2.3 Registered trademarks

HART®

is a registered trade mark of the HART Communication Foundation, Austin, USA

SilGel®

is a registered trade mark of Wacker-Chemie GmbH, Munich, D

HistoROM™, S-DAT®, T-DAT™, F-CHIP®, ToF Tool - Fieldtool® Package, Fieldcheck®, 

Applicator® 

are registered trademarks of Endress+Hauser Flowtec AG, Reinach, CH
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3 Installation

3.1 Incoming acceptance, transport and storage

3.1.1 Incoming acceptance

• Check the packaging and the contents for damage.

• Check the shipment, make sure nothing is missing and that the scope of supply matches your 

order.

3.1.2 Transport

The devices must be transported in the container supplied when transporting them to the measuring 

point.

3.1.3 Storage

Note the following points:

• Pack the measuring device in such a way as to protect it reliably against impact for storage 

(and transportation). The original packaging provides optimum protection.

• The storage temperature corresponds to the ambient temperature range (Page 127) of the 

transmitter, the measuring sensors and the corresponding sensor cables.

• The measuring device must be protected ageinst direct sunlight during storage in order to avoid 

unacceptably high surface temperatures.
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3.2 Installation conditions

3.2.1 Installation dimensions

The dimensions and the fitting lengths of the sensors and the transmitter are on Page 132 ff.

3.2.2 Installation location

Correct measuring is possible only if the pipe is full. Avoid the following installation locations:

• Do not install at the highest point in the run. Risk of air accumulating.

• Do not install directly upstream from an open pipe outlet in a down pipe.

A0001103

Fig. 5: Installation location

Down pipes

Notwithstanding the above, the installation proposal below permits installation in an open down 

pipe. Pipe restrictions or the use of an orifice plate with a smaller cross-section than the nominal 

diameter prevent the pipe from running empty while measurement is in progress.

A0001104

Fig. 6: Installation in a down pipe 

1 = Supply tank, 2 = Measuring sensors, 3 = Orifice plate, pipe restriction, 4 = Valve, 5 = Filling tank

1

2

3

4

5
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3.2.3 Orientation

Vertical orientation

Recommended orientation with upward direction of flow (View A). Entrained solids sink down. 

Gases rise away from the measuring sensor when fluid is not flowing. The piping can be completely 

drained and protected against build-up.

Horizontal orientation

In the recommended installation range in a horizontal installation position (View B), gas and air 

accumulation at the pipe cover and problematic build-ups at the bottom of the pipe have a minor 

influence on the measurement.

A0001105

Fig. 7: Installation position (A = vertical, B = horizontal, C = recommended installation range max. 120°)

3.2.4 Inlet and outlet runs (clamp-on version)

If possible, install the sensor well clear of assemblies such as valves, T-pieces, elbows, etc. If several 

flow obstructions are installed, the longest inlet or outlet run must be considered. Compliance with 

the following requirements for the inlet and outlet runs is recommended to ensure measuring accu-

racy:

A0001106

Fig. 8: Inlet and outlet runs (clamp-on version) 

1 = Valve; 2 = Pump; 3 = Two pipe bends in different directions

A

B

C C

1

2

3

� 15 x DN � 5 x DN

� 40 x DN

� 40 x DN

� 20 x DN
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3.2.5 Inlet and outlet runs (Insertion version)

If possible, install the sensor well clear of assemblies such as valves, T-pieces, elbows, etc. If several 

flow obstructions are installed, the longest inlet or outlet run must be considered. Compliance with 

the following requirements for the inlet and outlet runs is recommended to ensure measuring accu-

racy.

A0001107

Fig. 9: Inlet and outlet runs (Insertion version)

1 = Valve, 2 = Pump, 3 = Two pipe bends in different directions

Data above the dimension line: valid for the single path version 

Data below the dimension line: valid for the dual path version

3.2.6 Connecting cable length

Shielded cables are offered in the following lengths:

5 m, 10 m, 15 m and 30 m

" Caution!

Route the cable well clear of electrical machines and switching elements.

1

2

3

� 15 x DN

� 10 x DN

� 5 x DN

� 5 x DN

� 40 x DN

� 40 x DN

� 40 x DN

� 20 x DN

� 20 x DN

� 15 x DN
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3.2.7 Sensor arrangement (clamp-on)

The transmitter offers a number of options between 1 and 4 traverses for the type of installation. 

Please note that the signal strength is reduced with each additional reflection point in the pipe. 

(Example: 2 traverses = 1 reflection point)

To achieve the best signal quality possible, choose the least number of traverses required for a 

sufficient transit time difference.

A0001108

Fig. 10: Sensor arrangement (clamp-on)

1 = 1 traverse, 2 = 2 traverses, 4 = 4 traverses

Recommendations:

Due to their design and properties, the Prosonic Flow sensors are particularly suited to certain 

nominal diameter ranges and pipe wall thicknesses. For this reason, various sensor types are offered 

for Prosonic Flow W, P and U for these different applications.

Recommendations for sensor installation can be found in the following table.

* see note below

! Note!

• The installation of clamp-on sensors is principally recommended in the 2 traverse type of instal-

lation. This type of installation allows the easiest and most comfortable type of mounting and 

means that a system can also be mounted even if the pipe can only be accessed from one side.

• If the pipe nominal diameter is small (DN 60 and smaller), the sensor spacing with Prosonic Flow 

W/P can be too small for an installation with 2 traverses. In this case, the 4 traverse type of instal-

lation must be used. In all other instances, the 2 traverse configuration is the preferred method.

• The use of Prosonic Flow W/P sensors DN 100...4000 is principally recommended for pipes with 

a wall thickness >4 mm, pipes made of composites such as GRP, pipes with lining, even for 

nominal diameters < DN 100. This applies also to applications with media with high acoustic 

damping. For these applications, we principally recommend mounting the W/P sensors with 1 

traverse configuration.

• In the DN 15...50 nominal diameter range, Prosonic Flow U is preferred for use on plastic pipes. 

Both the Prosonic Flow W/P and the Prosonic Flow U sensor types can be used in the DN 

50...100 nominal diameter range. The use of Prosonic Flow W/P sensors is principally recom-

mended for applications as of DN 60.

• If the measuring device displays an insufficient signal strength, reduce the number of the 

traverses.

Sensor type Nominal diameter Type of mounting

Prosonic Flow U DN 15...100 2 traverses

Prosonic Flow W

Prosonic Flow P

DN 50...60

DN 80...600

DN 650...4000

2 (or 4) traverses*

2 traverses

1 traverse

1 2 4
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3.3 Two-channel measuring devices

Prosonic Flow 93 has two measuring channels which are independent of one another. In other 

words, the transmitter supports the simultaneous operation of two sensor pairs at two individual 

measuring channels. In doing so, the resources of the transmitter are split evenly between the two 

channels.

This ability of the transmitter can be used in many different ways:

• For two-channel measurement

• For two-path measurement

The transmitter can output the measured values of both channels either individually or arithmeti-

cally linked (as total, difference or mean).

3.3.1 Two-channel measurement

In the case of dual-channel measurement, the measured values of two independent measuring 

points are determined and processed by one transmitter.

A0001159

Fig. 11: Two-channel measurement

a Cable for power supply

b Signal cable (Outputs)

If required, the measured values of measuring channel 1 and measuring channel 2 can be arithmet-

ically linked together. The following possibilities for outputting measured values are suitable for 

dual-channel measurement:

• Individual output of measured values from channel 1 and 2

• Total of measured values from channel 1 and 2

• Difference of measured values from channel 1 and 2

The measuring device supports the individual configuration of the measuring channels and the 

independent setting of the display and outputs. As a result, the sensor type and type of installation, 

for example, can be selected and configured separately for both channels.

! Note!

a

b
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• The necessary settings for measured value output for two-channel measurement can be found 

under the appropriate ASSIGN function for the display, outputs and totalizers (see Description of 

Device Functions Proline Prosonic Flow 93, BA071D/06/en/).

• The current measured values linked arithmetically can be found in the CALCUL. MAIN VALUES 

function group (see Description of Device Functions Proline Prosonic Flow 93, 

BA071D/06/en/).

• The settings for the measuring channels are made independently for channel 1 and channel 2 in 

the PROC. PARAM. (CH1...CH2), SYS. PARAM. (CH1...CH2) and SENSOR DATA (CH1...CH2) 

function groups.

• Please pay special attention to the installation recommendations in Chapter “Installation loca-

tion”, Page 14, Chapter “Orientation”, Page 15, Chapter “Inlet and outlet runs (clamp-on ver-

sion)”, Page 15 as well as the recommendations on the type of installation in Chapter “Sensor 

arrangement (clamp-on)”, Page 17.

3.3.2 Two-path measurement

In dual-path measurement, the transmitter is used to operate two sensor pairs which are installed 

on the same pipe. Different applications can necessitate different types of installation.

A0001160

Fig. 12: Two-path measurement

a Cable for power supply

b Signal cable (Outputs)

! Note!

Please note the recommendations in Chapter “Sensor arrangement (clamp-on)”, Page 17.

a a

b b

A B
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The following possibilities for outputting measured values are suitable for dual-path measurement:

• Individual output of measured values from channel 1 and 2

• Arithmetic mean of the measured values from channel 1 and 2 (CH1 + CH2 / 2)

The possibility of obtaining the mean value in dual-path measurement provides the advantage of a 

more stable measured value. A measured value that is generated from two independent measuring 

signals is generally less sensitive to irregularities and faults in the application.

As a result, if conditions are not ideal, for example, the dual-path system means that the different 

flow components within the flow can be better determined thanks to the fact that the measured 

values are determined independently on two levels. Differences are then balanced out when the 

two measured values are subsequently averaged to form one process variable. This often results in 

a more stable and more accurate measured value than would be the case with single-path measure-

ment.

The measuring device supports the individual configuration of the measuring channels.

! Note!

• The necessary settings for measured value output for two-path measurement can be found under 

the appropriate ASSIGN function for the display, outputs and totalizers (see Description of Device 

Functions Proline Prosonic Flow 93, BA071D/06/en/).

• The current measured values linked arithmetically can be found in the CALCUL. MAIN VALUES 

function group (see Description of Device Functions Proline Prosonic Flow 93, 

BA071D/06/en/).

• The settings for the measuring channels are made independently for channel 1 and channel 2 in 

the PROC. PARAM. (CH1...CH2), SYS. PARAM. (CH1...CH2) and SENSOR DATA (CH1...CH2) 

function groups. In general, identical setting values are recommended for both channels in 

dual-path measurement. The independent setting for channel 1 and 2 makes it possible, however, 

to balance out application-specific asymmetry.

• Please pay special attention to the installation recommendations in Chapter “Installation loca-

tion”, Page 14, Chapter “Orientation”, Page 15, Chapter “Inlet and outlet runs (clamp-on ver-

sion)”, Page 15 as well as the recommendations on the type of installation in Chapter “Sensor 

arrangement (clamp-on)”, Page 17.
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3.4 Installation instructions

3.4.1 Installing tensioning bands (clamp-on)

For sensors W / P - DN 50...200

1. Push one of the supplied threaded bolts on the tensioning band (or both bolts in the case of 

sound velocity measurement).

2. Run the tensioning band around the pipe without twisting it and push the end through the 

tensioning band lock (make sure that the screw is pushed up).

3. By hand, make the tensioning band as tight as possible.

4. Push the screw down and tighten the tensioning band with a screwdriver so that it cannot slip.

5. If so desired, shorten the tensioning band to the desired length.

" Caution!

Risk of injury! When shortening the tensioning band, avoid sharp edges.

A0001109

Fig. 13: Tensioning band installation for DN 50...200

For sensors W / P - DN 250...4000

The following steps relate to Fig. 14 on Page 22.

1. Measure the pipe circumference. 

Shorten the tensioning band to the pipe circumference +10 cm.

" Caution!

Risk of injury. When shortening the tensioning band, avoid sharp edges.

2. Loop the tensioning band through one of the centering plates with the threaded bolt (1)

(or both centering plates in the case of sound velocity measurement).

3. Insert both ends of the tensioning bands down into the openings in the tensioning band lock 

(2). Bend back the ends of the tensioning bands.

4. Interlock both halves of the lock (3). Make sure that there is sufficient space for the tensioning 

band to be tightened with the locking screw.

5. Tighten the tensioning band using a screwdriver (4).
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A0001110

Fig. 14: Tensioning band installation for DN 250...4000

For U sensors - DN 15...100

The procedure for installing the tensioning bands for the U sensor is explained on Page 28 in the 

“Installing the sensor Prosonic Flow U” Section.

1

2

2

3

4
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3.4.2 Use of weld bolts for W/P sensors

Weld studs can be used instead of tensioning bands for the following types of installation of the

W / P clamp-on measuring sensors.

! Note!

To determine the sensor distance (distance from the centre of the first stud to the centre of the 

second bolt) use:

• the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. Use the 

Quick Setup as described on Page 76. The sensor distance is displayed in the SENSOR DISTANCE 

function (6886). The transmitter has to be installed and connected to the power supply to carry 

out the “Sensor Installation” Quick Setup.

• the procedure described on Page 84 ff. if the measuring device has no local operation.

For an exact description of the sensor installation process, please refer to the appropriate pages of 

the clamp-on versions. You must keep to same installation sequence.

If you want to use a non-metric M6 ISO thread, please note the following:

• You require a sensor holder with a removable locking nut 

(Ordering code: 93WAx - xBxxxxxxxxxx).

• Remove the preinstalled locking nut on the sensor holder with a metric ISO thread.

• Use a nut which matches your threaded bolt.

A0001110

Fig. 15: Use of weld bolts

1 Welded joint

2 Locking nut

3 Hole diameter max. 8.7 mm

M6

5
0

1

2

31
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3.4.3 Installing the measuring sensors Prosonic Flow P

2 or 4 traverses version

1. Fix a tensioning band for small or large nominal diameters as described on Page 21. Install the 

second tensioning band (threaded stud on the opposite side). The second tensioning band must 

still be moveable.

2. Determine the sensor distance. 

! Note!

To determine the sensor distance use:

– the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. 

Use the Quick Setup as described on Page 76. The sensor distance is shown in the POSI-

TION SENSOR function (6886), (i.e. a letter on the mounting rail for sensor 1 and a number 

for sensor 2). The transmitter has to be installed and connected to the power supply to carry 

out the “Sensor Installation” Quick Setup.

– the procedure described on Page 84 ff. if the measuring device has no local operation.

3. Arrange the tensioning bands to the sensor distance shown in the POSITION SENSOR func-

tion. Place the mounting rail on the threaded studs and then fasten the second tensioning band. 

Remove the mounting rail.

A0001116

4. Fix the sensor holder to the pipe using the threaded studs. Tighten the locking nuts using a 

spanner (AF 13).

5. Fasten the mounting rail brackets to the sensor holders using a Philips screwdriver. Place the 

mounting rail on the threaded studs and then fasten the appropriate srews.

6. Coat the contact surface of the sensors with an even (approx. 1 mm thick) layer of coupling 

fluid (from the centre to the groove, see Page 99).

Then carefully insert the sensor into the sensor holder. Press the sensor cover onto the sensor 

holder until you hear a click. Make sure that the arrows (▲ / ▼ “close”) on the sensor housing 

and sensor holder are pointing to each other. Then insert the sensor cable plug into the opening 

provided and manually tighten the plug to the stop.

A0001156
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3.4.4 Installing the measuring sensors Prosonic Flow W/P

(clamp-on)

1 traverse version

1. Fix a tensioning band for small or large nominal diameters as described on Page 21. Install the 

second tensioning band (threaded stud on the opposite side). The second tensioning band must 

still be moveable.

2. Determine the sensor distance and the wire length.

! Note!

To determine the sensor distance and the wire length use:

– the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. 

Use the Quick Setup as described on Page 76. The sensor distance is shown in the SENSOR 

DISTANCE function (6886) and the wire length is shown in the WIRE LENGTH function 

(6885). The transmitter has to be installed and connected to the power supply to carry out 

the “Sensor Installation” Quick Setup.

– the procedure described on Page 84 ff. if the measuring device has no local operation.

3. Enter the wire length on both halves of the wire.

A0001112

Fig. 16: Marking the determined wire length on the wire measurement equipment (SL = wire length)

4. Push the cable lug and the fixer over the first threaded stud. Lead each wire along one side of 

the pipe. Push the cable lug and the fixer over the second threaded stud. Pull in the threaded 

stud with the tensioning band until both wires are the same length.

5. Fix the tensioning band. Loosen the Phillips screws of the fixing parts. Remove the wires.

A0001113

Fig. 17: Use of the wire measuring equipment for positioning of threaded studs

6. Push both of the sensor holders onto the pipe over the threaded studs and tighten the locking 

nuts using a spanner (AF 13).

1 2 3 4 5 6 7 8 9 10 11

SL
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A0001114

Fig. 18: Installing the sensor holders

7. Coat the contact surface of the sensors with an even (approx. 1 mm thick) layer of coupling 

fluid (from the centre to the groove, see Page 99).

Then carefully insert the sensors into the sensor holder. Press the sensor cover onto the sensor 

holder until you hear a click. Make sure that the arrows (▲ / ▼ “close”) on the sensor housing 

and sensor holder are pointing to each other. Then insert the sensor cable plug into the opening 

provided and manually tighten the plug to the stop.

A0001115

Fig. 19: Installing the sensors and the sensor connectors
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3.4.5 Installing the measuring sensors Prosonic Flow W (clamp-on)

2 or 4 traverses version

1. Fix a tensioning band for small or large nominal diameters as described on Page 21. Install the 

second tensioning band (threaded stud on the opposite side). The second tensioning band must 

still be moveable.

2. Determine the sensor distance. 

! Note!

To determine the sensor distance use:

– the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. 

Use the Quick Setup as described on Page 76. The sensor distance is shown in the POSI-

TION SENSOR function (6886), (i.e. a letter on the mounting rail for sensor 1 and a number 

for sensor 2). The transmitter has to be installed and connected to the power supply to carry 

out the “Sensor Installation” Quick Setup.

– the procedure described on Page 84 ff. if the measuring device has no local operation.

3. Arrange the tensioning bands to the sensor distance shown in the POSITION SENSOR func-

tion. Place the mounting rail on the threaded studs and then fasten the second tensioning band. 

Remove the mounting rail.

A0001116

4. Fix the sensor holder to the pipe using the threaded studs. Tighten the locking nuts using a 

spanner (AF 13).

5. Coat the contact surface of the sensors with an even (approx. 1 mm thick) layer of coupling 

fluid (from the centre to the groove, see Page 99).

Then carefully insert the sensor into the sensor holder. Press the sensor cover onto the sensor 

holder until you hear a click. Make sure that the arrows (▲ / ▼ “close”) on the sensor housing 

and sensor holder are pointing to each other. Then insert the sensor cable plug into the opening 

provided and manually tighten the plug to the stop.

A0001117
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3.4.6 Installing the measuring sensors Prosonic Flow U (clamp-on)

1. In the case of pipes in the DN 15…32 nominal diameter range, use the retaining vee (a) sup-

plied to reinforce the pipe. This retaining vee is only included in the DN 15….40 installation 

set (see Accessories on Page 101). Loop the tensioning bands (b) through the retaining vee as 

illustrated below. Pull the tensioning bands freely through the tensioning band locks to such 

an extent that the bands can later be guided over the ends of the sensor assembly (please note 

that the screw of the tensioning band lock must be opened).

A0001118

Fig. 20: Preparing sensor installation with retaining vee

a Retaining vee

b Tensioning band

2. Determine the sensor distance. 

! Note!

To determine the sensor distance use:

– the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. 

Use the Quick Setup as described on Page 76. The sensor distance is shown in the SENSOR 

DISTANCE function (6886). The transmitter has to be installed and connected to the power 

supply to carry out the “Sensor Installation” Quick Setup.

– the procedure described on Page 84 ff. if the measuring device has no local operation.

– The U sensor is designed for 2 traverses only. Please ensure that “NO. TRAVERSE: 2” 

is selected for the number of traverses in the SENSOR CONFIGURATION function 

(see Page 76).

a

b
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3. Set the sensor distance on the sensor assembly by moving the sensors (c) along the assembly 

frame and tightening the sensor fixing nuts (d). Preferably, the sensor position is set symmet-

rically to the rail centre.

Turn the sensor adjustment screw counter-clockwise (e) so that the sensor moves upwards 

inside the assembly frame. Coat the sensors with coupling fluid as explained on Page 76.

A0001119

Fig. 21: Preparing the sensor assembly for the installation

c Sensor

d Sensor fixing nut

e Sensor adjustment screw

4. Then position the sensor assembly (f) on the pipe. Guide the tensioning bands over the ends 

of the sensor assembly (g) and pull the bands tight by hand (please note that ).

! Note!

The screw of the tensioning band lock must be opened.

A0001120

Fig. 22: Positioning the sensor and looping the tensioning bands

f Sensor assembly

g End of sensor assembly

c

d

e

g

g

f
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5. Push down the screws (h) of tensioning band lock and tighten with a screwdriver so the bands 

cannot slip. If so desired, shorten the tensioning band then to the desired length.

" Caution!

– Danger of injury! Avoid sharp edges when shortening the tensioning band.

– If pulled too tightly, there is the risk of damaging the pipe (applies particularly to plastic 

pipes).

Turn the sensor adjustment screws (i) clockwise until slight resistance is felt. The sensor is in 

the optimum position at this point.

A0001121

Fig. 23: Tightening the tensioning bands and the screw adjustment

h Screw of tensioning band lock

i Sensor adjustment screw

6. With the flat sides facing each other, fit the sensor protection cap (k) on the sensor adjustment 

screws and the sensor fixing nuts.

Attach the BNC sensor cable connector (l) to the connections provided (upstream and down-

stream) and then screw the screw of the sensor cable grounding (m) into the thread provided. 

This ensures perfect grounding.

A0001122

Fig. 24: Fitting the sensor protection cap, mounting the sensor cable connector and grounding

k Sensor protection cap

l BNC sensor cable connector

m Sensor cable grounding

h

i

k

l

m
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3.4.7 Term explanations for Prosonic Flow W (Insertion version)

The graphic below provides you with an overview of the terms used when installing 

Prosonic Flow W (Insertion version).

A0001161

Fig. 25: Term explanations

1 = Single path version

2 = Dual path version

a = Sensor spacing

b = Arc length

c = Path length

d = Pipe outer diameter (determined by application)

A = View A

Arc length: 

Offset: 

x

d

a

A

A

a

a

c

b

c

1

2

b

b
Π d α⋅ ⋅

360°
--------------------=

x
d αsin⋅

2
-------------------=
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3.4.8 Installing the measuring sensors Prosonic Flow W

(single path Insertion version)

1. Determine the installation area (e) on the pipe section:

– Installation location: Page 14

– Inlet/outlet run: Page 16

– Space required by the measuring point: approx. 1 x pipe diameter.

2. Mark the middle line on the pipe at the mounting location and mark the position of the first 

drill hole (drillhole diameter: 65 mm).

! Note!

Make the middle line longer than the drillhole!

A0001124

Fig. 26: Installing the measuring sensors, steps 1 and 2

3. Drill the first hole, e.g. with a plasma cutter. If the wall thickness of the pipe is unknown, 

measure it at this point. 

4. Determine the sensor distance. 

! Note!

To determine the sensor distance use:

– the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. 

Use the Quick Setup as described on Page 76. The sensor distance is shown in the SENSOR 

DISTANCE function (6886). The transmitter has to be installed and connected to the power 

supply to carry out the “Sensor Installation” Quick Setup.

– the procedure described on Page 84 ff. if the measuring device has no local operation.

A0001125

Fig. 27: Installing the measuring sensors, steps 3 and 4

e
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5. Draw the sensor distance (a) from the middle line starting from the first drillhole.

6. Project the middle line to the back of the pipe and draw it on.

A0001126

Fig. 28: Installing the measuring sensors, steps 5 and 6

7. Mark the drillhole on the middle line on the back of the pipe.

8. Cut out the second drillhole and prepare the holes for welding the sensor holders (deburr, 

clean, etc.).

A0001127

Fig. 29: Installing the measuring sensors, steps 7 and 8

9. Insert the sensor holders into the two drillholes. To adjust the weld-in depth, both sensor 

holders can be fixed with the special tool for insertion depth regulation and then aligned using 

the tie rod. The sensor holder must be flush with the inner side of the pipe. Now pinpoint both 

sensor holders.

! Note!

To align the tie rod, two bearing shells must be screwed onto the sensor holders.

A0001128

Fig. 30: Installing the measuring sensors, step 9

a
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10. Weld in both sensor holders. After welding, check the distance between the drill holes once 

again and measure the path length.

! Note!

To determine the path length use:

– the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. 

Use the Quick Setup as described on Page 76. The path length is shown in the PATH 

LENGTH function. The transmitter has to be installed and connected to the power supply to 

carry out the “Sensor Installation” Quick Setup.

– the procedure described on Page 84 ff. if the measuring device has no local operation.

11. Then screw the sensors into the sensor holders by hand. If you use a tool, the maximum torque 

permissible is 30 Nm.

12. The insert the sensor cable plug into the intended opening and manually tighten the plug to 

the stop. 

A0001129

Fig. 31: Installing the measuring sensors, steps 10 to 12
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3.4.9 Installing the measuring sensors Prosonic Flow W

(dual path Insertion version)

1. Set installation range (e) on pipe section:

– Installation location see Page 14

– Inlet/outlet run see Page 16 

– Space required by the measuring point approx. 1x pipe diameter.

2. Draw the middle line on the pipe at the mounting location.

A0001124

Fig. 32: Installing the dual path measuring sensors, steps 1 and 2

3. At the mounting location, pull the sensor holder to one side the length of arc (b) from the 

middle line. Usually, the arc length is taken as approx. 1/12 of the pipe circumference. 

Indicate the first drillhole (drill hole diameter approx. 81...82 mm).

! Note!

Make the lines longer than the drillhole!

4. Drill the first hole, e.g. with a plasma cutter. If the wall thickness of the pipe is unknown, 

measure it at this point.

A0001162

Fig. 33: Installing the dual path measuring sensors, steps 3 and 4

5. Determine the sensor distance and the arc length between the sensors of the measuring 

groups.

! Note!

To determine the sensor distance and the wire length use:

– the “Sensor Installation” Quick Setup menu if the measuring device has a local operation. 

Use the Quick Setup as described on Page 76. The sensor distance is shown in the SENSOR 

DISTANCE function (6886) and the wire length is shown in the ARC LENGTH function 

(6887). The transmitter has to be installed and connected to the power supply to carry out 

the “Sensor Installation” Quick Setup.

– the procedure described on Page 84 ff. if the measuring device has no local operation.

e

b
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6. You can correct the middle line with the arc length.

A0001163

Fig. 34: Installing the dual path measuring sensors, steps 5 and 6

7. Project the corrected middle line onto the other side of the pipe and draw this on (half pipe 

circumference).

8. Indicate the sensor distance on the middle line and project it onto the middle line on the back.

A0001164

Fig. 35: Installing the dual path measuring sensors, steps 7 and 8

9. Extend the arc length to each side of the middle line and indicate the drill holes.

10. Create the drill holes and prepare the holes for welding of the sensor holder (deburr, clean, 

etc.).

! Note!

Drill holes for the sensor holders always come in pairs (CH 1 - CH 1 and CH 2 - CH 2).

A0001165

Fig. 36: Installing the dual path measuring sensors, steps 9 and 10

a

CH 1

CH 2

CH 2

CH 1

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 200 of 314



Proline Prosonic Flow 93 3 Installation

Endress+Hauser 37

11. Insert the sensor holders into the first two drillholes. To adjust the weld-in depth, both sensor 

holders can be fixed with the special tool for insertion depth regulation (optional) and then 

aligned using the tie rod. The sensor holder must be flush with the inner side of the pipe. Now 

pinpoint both sensor holders.

! Note!

To align the tie rod, two bearing shells must be screwed onto the sensor holders.

A0001166

Fig. 37: Installing the dual path measuring sensors, step 11

12. Weld in both sensor holders. After welding-in, check the sensor distances, path lengths and 

arc lengths once again.

! Note!

These distances are given as a measurement in Quick Setup. If you determine deviations, note 

these down and enter them as correction factors when commissioning the measuring point.

13. Insert the second pair of sensor holders into the two remaining drill holes, as described in step 

11 and 12.

A0001167

Fig. 38: Installing the dual path measuring sensors, steps 12 and 13

A0001168

Fig. 39: Installing the dual path measuring sensors, step 13
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14. Then screw the sound velocity sensors into the sensor holders by hand. If you use a tool, the 

maximum torque permissible is 30 Nm.

15. Insert the sensor cable plug into the intended opening and manually tighten the plug to the 

stop.

A0001169

Fig. 40: Installing the dual path measuring sensors, step 14 and 15
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3.4.10 Installing the sound velocity measuring sensors DDU 18

(accessories)

1. Fix a tensioning band for small or large nominal diameters as described on Page 21. The two 

threaded bolts must be positioned opposite each other on either side of the pipe.

2. Push the sensor holder onto the pipe over the threaded bolts and tighten the fixing nut using 

a spanner (AF 13).

3. Coat the contact surfaces of the sensors with an even (approx. 1 mm thick) layer of coupling 

fluid starting from the groove, through the centre and to the opposite side (see Page 99). Then 

carefully insert the sensors into the sensor holders. Press the sensor cover onto the sensor 

holder until you hear a click. Make sure that the arrows (▲ / ▼ “close”) on the sensor housing 

and sensor holder are pointing to each other. Then insert the sensor cable plug into the opening 

provided and manually tighten the plug to the stop.

A0001171

Fig. 41: Steps 1 to 3, installing the sound velocity measuring sensors
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3.4.11 Installing the wall thickness measuring sensors DDU 19

(accessories)

Variant 1

1. Fix a tensioning band for small or large nominal diameters as described on Page 21.

2. Coat the contact surface of the sensor with an even (approx. 1 mm thick) layer of coupling fluid 

(starting from the groove, through the centre and to the opposite side). Then carefully insert 

the sensor into the sensor holders. Press the sensor cover onto the sensor holder until you hear 

a click. Make sure that the arrows 

(▲ / ▼ “close”) on the sensor housing and sensor holder are pointing to each other. Then 

insert the sensor cable plug into the opening provided and manually tighten the plug to the 

stop.

3. After determining the pipe wall thickness, replace the wall thickness measuring sensor DD 19 

with the appropriate flowmeter sensor. 

! Note!

Do not forget to clean the coupling point carefully before you insert the flowrate measuring sensor 

coated with the coupling fluid. 

Variant 2

This is only suitable for as long as the transmitter Prosonic Flow 93 is within arm‘s length of the 

measuring point. Coat the contact surface of the sensors with an approx. 1 mm thick layer of the 

coupling fluid (from the center to the groove, see Page 99). Then hold the sensor vertically on the 

pipe for measurement. Operate the on-site operation with your other hand.

F06-9xxxxxxx-17-05-06-xx-010

Fig. 42: Installing the wall thickness measuring sensor
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3.4.12 Installing the wall-mount housing

There are various ways of installing the wall-mount transmitter housing:

• Direct wall mounting

• Panel mounting (with separate mounting kit, accessories  → Page 101)

• Pipe mounting (with separate mounting kit, accessories  → Page 101)

" Caution!

• Make sure that ambient temperature does not exceed the permissible range

(–20...+60 °C). Install the device in a shady location. Avoid direct sunlight.

• Always install the wall-mount housing in such a way that the cable entries are pointing down.

Direct wall mounting

1. Drill the holes as illustrated in Fig. 43.

2. Remove the cover of the connection compartment (a).

3. Push the two securing screws (b) through the appropriate bores (c) in the housing.

– Securing screws (M6): max. Ø 6.5 mm

– Screw head: max. Ø 10.5 mm

4. Secure the transmitter housing to the wall as indicated.

5. Screw the cover of the connection compartment (a) firmly onto the housing.

A0001130

Fig. 43: Mounted directly on the wall
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Panel mounting

1. Prepare the installation opening in the panel (Fig. 44).

2. Slide the housing through the front of the panel cutout.

3. Screw the fasteners to the wall-mount housing.

4. Screw the threaded rods into the brackets and tighten until the housing is firmly fixed to the 

panel wall. Tighten the counter nuts. No further support is necessary.

A0001131

Fig. 44: Panel mounting (wall-mount housing)

Pipe mounting

Installation according to the instructions in Fig. 45.

" Caution!

If the device is mounted to a warm pipe, make certain that the housing temperature does not exceed 

the max. permissible value of +60 °C.

A0001132

Fig. 45: Pipe mounting (wall-mount housing)

2
4

5

~110

+
0
.5

–
0
.5

210
+0.5– 0.5

Ø
2

0
..

.7
0

~155

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 206 of 314



Proline Prosonic Flow 93 3 Installation

Endress+Hauser 43

3.5 Installation check

Perform the following checks after installing the measuring device on the pipe:

Device condition and specifications Notes

Is the device damaged (visual inspection)? −

Does the device correspond to specifications at the measuring point, including 

process temperature, ambient temperature, measuring range, etc.?

see Page 123 ff.

Installation Notes

Are the measuring point number and labeling correct (visual inspection)? −

Process environment / process conditions Notes

Are the inlet and outlet runs respected? see Page 15, 16

Is the measuring device protected against moisture and direct sunlight? −
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4 Wiring

# Warning!

When connecting Ex-certified devices, see the notes and diagrams in the Ex-specific supplement to 

these Operating Instructions. Please do not hesitate to contact your Endress+Hauser sales office if 

you have any questions.

4.1 Connection of the sensor connecting cable

4.1.1 Connection of Prosonic Flow W / P / U / DDU 18 / DDU 19

# Warning!

• Risk of electric shock. Switch off the power supply before opening the device. Do not install or 

wire the device while it is connected to the power supply. Failure to comply with this precaution 

can result in irreparable damage to the electronics.

• Risk of electric shock. Connect the protective earth to the ground connection on the housing 

before the power supply is applied
.

A0001133

Fig. 46: Connection of the two possible measuring systems (one or two-channel)

A0001134

Fig. 47: Connection of the sensor connecting cable

See next page for graphic legend and installation instructions.
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Legend:
a View A

b Detail B

1 Connection compartment cover

2 Sensor cable plug, channel 1, upstream

3 Sensor cable plug, channel 1, downstream

4 Cable entry channel 2 (not required)

5 Cable entry channel 2 (not required)

6 Cable gland cover

7 Rubber seal

8 Cable gland holder

9 Cable fixing sleeves

10 Earth contact terminals

11 Sensor cable plug

Procedure:

1. Transmitter: Loosen the screws and remove cover (Position 5, Fig. 46) from the connection 

compartment.

2. Remove the blank cover for the cable entries for Channel 1 (CH 1) and Channel 2 (CH 2). 

3. Disassemble the special cable entry which is supplied with the sensors. Run both sensor con-

nection cables through the cover (6) of the cable gland and into the connection compartment. 

4. Position the cable fixing sleeves (9) of both sensor cables exactly next to each other (Detail B). 

Push in the earth contact terminals (10) and screw tight. This ensures perfect grounding.

5. Spread the rubber seal (7) along the side slit with a suitable tool (e.g. a large screwdriver) so 

that both sensor cables can be fixed into place. Push up the rubber seal in the cable gland (8). 

Close the cover of the cable gland (6) so that it is tight.

6. Plug in the sensor cable connectors in the way shown in Fig. 46.

7. Transmitter: Secure cover (1) on the connection compartment.

4.1.2 Cable specifications

Sensor cable

• Use the ready-to-use cables supplied by Endress+Hauser with each sensor pair.

• The cables are available in lengths of 5 m, 10 m, 15 m and 30 m.

• You can choose between PTFE and PVC cable materials.

Operation in zones of severe electrical interference:

The measuring device complies with the general safety requirements in accordance with EN 61010, 

the EMC requirements of EN 61326/A1 (IEC 1326) “Emmision to class A requirements” and 

NAMUR Recommendation NE 21.

" Caution!

Grounding is by means of the ground terminals provided for the purpose inside the connection 

housing.
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4.2 Connecting the measuring unit

4.2.1 Connecting the transmitter

# Warning!

• Risk of electric shock. Switch off the power supply before opening the device. Do not install or 

wire the device while it is connected to the power supply. Failure to comply with this precaution 

can result in irreparable damage to the electronics.

• Risk of electric shock. Connect the protective conductor to the ground terminal on the housing 

before the power supply is applied (not necessary if the power supply is galvanically isolated).

• Compare the specifications on the nameplate with the local supply voltage and frequency. The 

national regulations governing the installation of electrical equipment also apply.

1. Remove the cover of the connection compartment (f) from the transmitter housing.

2. Feed the power supply cable (a) and signal cables (b) through the appropriate cable entries.

3. Wiring:

– Connection plan (wall-mount housing)  →  Fig. 48

– Terminal assignment  → Page 48

4. Screw the cover of the connection compartment (f) firmly back onto the transmitter housing. 

A0001135

Fig. 48: Connecting the transmitter (wall-mount housing) Conductor cross-section: max. 2.5 mm2

a Power supply cables: 85...260 V AC, 20...55 V AC, 16...62 V DC 

Terminal No. 1: L1 for AC, L+ for DC 

Terminal No. 2: N for AC, L− for DC

b Signal cable: terminals No. 20-27 → Page 48

c Ground terminal for protective earth (PE)

d Ground terminal for signal cable shield

e Service adapter for connecting service interface FXA 193 (Fieldcheck, ToF Tool - Fieldtool Package)

f Cover of the connection compartment
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4.2.2 Terminal assignment

Terminal No. (inputs/outputs)

Order variant 20 (+) / 21 (–) 22 (+) / 23 (–) 24 (+) / 25 (–) 26 (+) / 27 (–)

 Fixed communication boards (fixed assignment)

93***-***********A − − Frequency output
Current output

HART

93***-***********B Relay output Relay output Frequency output
Current output

HART

93***-***********F – – –
PROFIBUS PA

Ex i

93***-***********G – – –
FOUNDATION 

Fieldbus, Ex i

93***-***********H – – –
PROFIBUS PA

93***-***********J – – –
PROFIBUS DP

93***-***********K − − −
FOUNDATION

Fieldbus

93***-***********S – –
Frequency output

Ex i

Current output Ex i

active, HART

93***-***********T – –
Frequency output

Ex i

Current output Ex i

passive, HART

 Flexible communication boards

93***-***********C Relay output Relay output Frequency output
Current output

HART

93***-***********4 Frequency output Frequency output Current output
Current output

HART

93***-***********D Status input Relay output Frequency output
Current output

HART

93***-***********6 Relay output Relay output Current output
Current output

HART

93***-***********L Status input Relay output Relay output
Current output

HART

93***-***********M Status input Frequency output Frequency output
Current output

HART

93***-***********W Relay output Current output Current output
Current output

HART

93***-***********2 Relay output Current output Frequency output
Current output

HART

Status input (auxiliary input) 

galvanically isolated, 3...30 V DC, Ri = 5 k Ω

Relay output

max. 60 V DC / 0.1 A; max. 30 V AC / 0.5 A; freely configurable

Frequency output (active/passive)

galvanically isolated, active: 24 V DC, 25 mA (max. 250 mA / 20 ms), RL >100 Ω, 
passive: 30 V DC, 250 mA, Open Collector

- frequency output:: full scale frequency 2...10000 Hz (fmax = 12500 Hz), on/off ratio ~ 1:1, Pulse width 2 s

- Pulse output: pulse value and pulse polarity selectable, pulse width configurable (0,05...2000 ms)

Current output (active, passive)

galvanically isolated, active: 0/4...20 mA, RL <700 Ω (HART: RL ≥ 250 Ω), 

passiv: 4...20 mA, max. 30 V DC, Ri ≤ 150 Ω,

Ground connection, power supply  → Page 47 
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4.2.3 HART connection

Users have the following connection options at their disposal:

• Direct connection to transmitter by means of terminals 26 / 27

• Connection by means of the 4...20 mA circuit.

! Note!

• The measuring loop's minimum load must be at least 250 Ω.

• After commissioning, make the following settings:

– CURRENT SPAN function → “4-20 mA HART” or “4-20 mA (25 mA) HART”

– Switching HART write protection on or off (see Page 74)

Connection of the HART handheld communicator

See also the documentation issued by the HART Communication Foundation, and in particular 

HCF LIT 20: “HART, a technical summary”.

A0001136

Fig. 49: Electrical connection of the HART handheld communicator: 

1 = HART communicator, 2 = power supply, 3 = shield, 4 = other evaluation devices or PLC with passive input

Connection of a PC with operating software

In order to connect a personal computer with an operating software (e.g. “ToF Tool - Fieldtool Pack-

age”) a HART modem (e.g. Commubox FXA 191) is needed.

See also the documentation issued by the HART Communication Foundation, and in particular 

HCF LIT 20: “HART, a technical summary”.

A0001137

Fig. 50: Electrical connection of a PC with operating software 

1 = PC with operating software, 2 = power supply, 3 = shield, 4 = other evaluation devices or PLC with passive input,

5 = HART modem, e.g. Commubox FXA 191
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4.3 Potential equalisation

For potential equalisation no special measures are necessary.

! Note!

For instruments for use in hazardous areas, observe the corresponding guidelines in the specific 

Ex documentation.

4.4 Degree of protection

Transmitter (wallmount housing)

The transmitter fulfills all the requirements for IP 67 degree of protection. Compliance with the 

following points is mandatory following installation in the field or servicing, in order to ensure that 

IP 67 protection is maintained:

• The housing seals must be clean and undamaged when inserted into their grooves. The seals must 

be dried, cleaned or replaced if necessary. 

• All threaded fasteners must be firmly tightened.

• The cables used for connection must be of the specified outside diameter (see Page 125).

• Firmly tighten the cable entries (Fig. 51). 

• Remove all unused cable entries and insert dummy plugs instead.

• Do not remove the grommet from the cable entry.

A0001138

Fig. 51: Installation instructions for cable entries on the transmitter housing
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Flowrate measuring sensors P and W (clamp-on / Insertion)

The flowrate measuring sensors P and W as well as the sound velocity measuring sensors DDU 18 

fulfill all the requirements for IP 67 or 68 degree of protection (please observe the informations on 

the nameplate of the sensor). Compliance with the following points is mandatory following instal-

lation in the field or servicing, in order to ensure that IP 67/68 protection is maintained:

• Only use cables supplied by Endress+Hauser with the corresponding sensor connectors.

• The cable connector seals (1) must be clean, dry and undamaged when inserted in the seal groove. 

Replace them if necessary.

• Insert the cable connectors, do not cant and then tighten them to the stop.

A0001139

Fig. 52: Installation instructions for IP 67/68 degree of protection for sensor connectors

Flowrate measuring sensors U (clamp-on)

The flowrate measuring sensors U fulfill all the requirements for IP 54 degree of protection. 

Compliance with the following points is mandatory following installation in the field or servicing, 

in order to ensure that IP 54 protection is maintained:

• Only use cables supplied by Endress+Hauser with the corresponding sensor connectors.

• The BNC cable connectors (1) must be clean, dry and undamaged.

• Insert the BNC cable connectors (1), do not cant and then tighten them to the stop.

A0001140

Fig. 53: Installation instructions for IP 54 degree of protection for BNC sensor connectors

1

1
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4.5 Connection check

Perform the following checks after completing electrical installation of the measuring device:

Device condition and specifications Notes

Are cables or the device damaged (visual inspection)? −

Electrical connection Notes

Does the supply voltage match the specifications on the nameplate? 85...260 V AC (45...65 Hz) 

20...55 V AC (45...65 Hz) 

16...62 V DC

Do the cables comply with the specifications? see Page 46, 125

Do the cables have adequate strain relief? −

Cables correctly segregated by type? Without loops and crossovers? −

Are the power supply and sensor cables correctly connected? See the wiring diagram inside 

the cover of the terminal com-

partment

Are all screw terminals firmly tightened? −

Have the measures for grounding/potential equalisation been correctly imple-

mented? 

see Page 50 ff.

Are all cable entries installed, firmly tightened and correctly sealed? see Page 50

Are all housing covers installed and firmly tightened? −

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 216 of 314



Proline Prosonic Flow 93 5 Operation

Endress+Hauser 53

5 Operation

5.1 Quick operation guide

You have a number of options for configuring and commissioning the device:

1. Local operation (optional)  → Page 54

The local operation enables you to read all of the important parameters directly at the measur-

ing point, configure device-specific parameters in the field and commission the instrument.

2. Configuration programs  → Page 84

Measuring devices without local operation can be configured by means of the configuration 

program ToF Tool - Fieldtool Package.
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5.2 Operation via the local display

5.2.1 Display and operating elements

The local operation enables you to read all important parameters directly at the measuring point and 

configure the device using the “Quick Setup” or the function matrix. 

The display consists of four lines; this is where measured values and/or status variables (direction 

of flow, bar graph, etc.) are displayed. You can change the assignment of display lines to different 

variables to suit your needs and preferences (→ see the “Description of Device Functions” manual).

A0001172

Fig. 54: Display and operating elements

Liquid crystal display (1)

The backlit, four-line liquid-crystal display shows measured values, dialog texts, error messages and information mes-

sages.The display as it appears during standard measuring mode is known as the HOME position (operating mode). 

Optical sensors for Touch Control (2)

Plus/minus keys (3)

– HOME position → Direct access to totalizer values and actual values of inputs/outputs

– Enter numerical values, select parameters

– Select different blocks, groups or function groups within the function matrix

Press the OS keys simultaneously to trigger the following functions: 

– Exit of the function matrix step by step → HOME position

– Press and hold down the OS keys for more than 3 seconds → Return directly to HOME position

– Cancel data entry

Enter key (4)

– HOME position → Entry to function matrix

– Save the numerical values you input or settings you change
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Display (operation mode)

The display area consists of three lines in all; this is where measured values are displayed, and/or 

status variables (direction of flow, bar graph, etc.). You can change the assignment of display lines 

to different variables to suit your needs and preferences (→ see the “Description of Device Func-

tions” manual).

Multiplex mode:

A maximum of two different display variables can be assigned to each line.

Variables multiplexed in this way alternate every 10 seconds on the display.

Error messages:

The modes of presentation for system and process error messages are described in detail on Page 59 

ff.

A0001173

Fig. 55: Typical display for standard operating mode (HOME position)

1 Main line: shows primary measured values, e.g. volume flow in [l/s].

2 Additional line: shows supplementary measured variables and status variables, e.g. totalizer No. 3 in [m3].

3 Information line: shows additional information on the measured variables and status variables, e.g. bar graph of the 

full scale value achieved by the volume flow.

4 “Info icons” field: Icons representing additional information on the measured values are shown in this field. See 

Page 56 for a full list of the icons and their meanings.

5 “Measured values” field: The current measured values appear in this field.

6 “Unit of measure” field: The units of measure and time defined for the current measured values appear in this field.

! Note!

From HOME position, use the OS - keys to open an “Info Menu” containing the following 

information:

• Totalizers (including overflow)

• Actual values or states of the configured inputs/outputs

• Device TAG number (user-definable)

OS key → key to request individual values in the list

Esc key (X) → Return to HOME position

1

4 5 6

2

3
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Icons

The icons which appear in the field on the left make it easier to read and recognize measured 

variables, device status, and error messages. 

Icon Meaning Icon Meaning

S System error P Process error

$ Fault message

(with effect on outputs)

! Notice message

(without effect on outputs)

I 1...n Current output 1...n P 1...n Pulse output 1...n

F 1...n
Frequency output 1...n

S 1...n Status/relay output 1...n

(or status input)

Σ 1...n Totalizer 1...n 

A0001181

Measuring mode = PULSATING FLOW

A0001182

Measuring mode = SYMMETRY (bidi-

rectional)

A0001183

Measuring mode = STANDARD

A0001184

Counting mode, total. = BALANCE 

(forwards and reverse flow)

A0001185

Counting mode, total. = forwards

A0001186

Counting mode, totalizer = reverse

A0001187

Signal input

(current or status input)

A0001188

Icon for volume flow

A0001206

Icon for activated device operation
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5.3 Brief operating instructions for the function matrix

! Note!

• See the general notes on Page 58.

• Function descriptions → see the “Description of Device Functions” manual

1. HOME position → F  →  Enter function matrix

2. Select a block (e.g. OUTPUTS)

3. Select a group (e.g. CURRENT OUTPUT 1)

4. Select a function group (e.g. SETTINGS)

5. Select a function (e.g. TIME CONSTANT) 

Change parameter / Enter numeric values:

OS → Select or enter release code, parameters, numerical values

F → Save the entries

6. Exit the function matrix:

– Press and hold down the Esc key (X) for more than 3 seconds → HOME position

– Repeatedly press Esc key (X) → return step by step to HOME position

A0001210

Fig. 56: Selecting functions and configuring parameters (function matrix)
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5.3.1 General notes

The Quick Setup menu (see Page 78) is adequate for commissioning with the necessary standard 

settings. Complex measurement tasks on the other hand necessitate additional functions that you 

can configure as necessary and customize to suit your process condition. The function matrix, there-

fore, comprises a multiplicity of additional functions which, for the sake of clarity, are arranged on 

a number of menu levels (blocks, groups, and function groups).

Comply with the following instructions when configuring functions :

• You select functions as described on Page 57. Each cell in the function matrix is identified by a 

numerical or letter code on the display.

• You can switch off certain functions (OFF). If you do so, related functions in other function groups 

will no longer be displayed.

• Certain functions prompt you to confirm your data entries. Press OS to select “SURE [ YES ]” and 

press F again to confirm. This saves your setting or starts a function, as applicable.

• Return to the HOME position is automatic if no key is pressed for 5 minutes.

! Note!

• The transmitter continues to measure while data entry is in progress, i.e. the current measured 

values are output via the signal outputs in the normal way.

• If the power supply fails, all preset and parameterised values remain safely stored in the EEPROM.

" Caution!

All functions are described in detail, including the function matrix itself, in the “Description of 

Device Functions” manual, which is a separate part of these Operating Instructions.

5.3.2 Enabling the programming mode

The function matrix can be disabled. Disabling the function matrix rules out the possibility of inad-

vertent changes to device functions, numerical values or factory settings. A numerical code (factory 

setting = 93) has to be entered before settings can be changed. If you use a code number of your 

choice, you exclude the possibility of unauthorized persons accessing data (→ see the “Description 

of Device Functions” manual).

Comply with the following instructions when entering codes:

• If programming is disabled and the OS keys are pressed in any function, a prompt for the code 

automatically appears on the display.

• If “0” is entered as the customer's code, programming is always enabled.

• The Endress+Hauser service organisation can be of assistance if you mislay your personal code.

" Caution!

Changing certain parameters such as all sensor characteristics, for example, influences numerous 

functions of the entire measuring device, particularly measuring accuracy. There is no need to 

change these parameters under normal circumstances and consequently, they are protected by a 

special code known only to the Endress+Hauser service organisation. Please contact 

Endress+Hauser if you have any questions.
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5.3.3 Disabling the programming mode

Programming mode is disabled if you do not press an operating element within 60 seconds after you 

return to the HOME position.

You can also disable programming in the “ACCESS CODE” function by entering any number (other 

than the customer's code).

5.4 Error messages

Type of error

Errors which occour during commissioning or measuring operation are displayed immediately. 

If two or more system or process errors occur, the error with the highest priority is always the one 

shown on the display.

The measuring system distinguishes between two types of error:

• System error: this group includes all device errors, for example communication errors, hardware 

errors, etc.  → Page 106

• Process error: this group comprises all application errors, e.g. measuring range exceeded  → 
Page 113

A0001211

Fig. 57: Error messages on the display (example)

1 Error type: P = process error, S = system error

2 Error message type: $ = fault message, ! = notice message

3 Error designation: e.g. S.V. RANGE CH1 = sound velocity on Channel 1 outside measuring range

4 Error number: e.g. #492

5 Duration of most recent error occurrence (in hours, minutes and seconds)

Error message type

Users have the option of weighting system and process errors differently, by defining them as “Fault 

messages” or “Notice messages”. You can define messages in this way with the aid of the func-

tion matrix (see the “Description of Device Functions” manual). Serious system errors, e.g. module 

defects, are always identified and classed as “fault messages” by the measuring device.

Notice message (!)

• Displayed as → Exclamation mark (!), error type (S: system error, P: process error).

• The error in question has no effect on the outputs of the measuring device.

Fault message ( $)

• Displayed as → Lightning flash ($), Error type (S: system error, P: process error)

• The error in question has a direct effect on the outputs.

The response of the outputs (failsafe mode) can be defined by means of functions in the function 

matrix (see Page 115).

1

2 4 5 3

+24.502
XXXXXXXXXX
#000 00:00:05

P

+24.502
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! Note!

• Error status can be output via the relay outputs.

• If there is an error message present a higher or lower signal on alarm level can be output via the 

current output in accordance with NAMUR Recommendation NE 43.

Confirming error messages

For the sake of plant and process safety , the measuring device can be configured in such a way that 

fault messages ($) always have to be rectified and acknowledged locally by pressing F . Only then 

do the error messages disappear from the display.

This option can be switched on or of by means of the “ACKNOWLEDGE FAULT MESSAGES” func-

tion (see the “Description of Device Functions” manual).

! Note!

• Fault messages ($) can also be reset and confirmed via the status input.

• Notice messages (!) do not require acknowledgment. Note, however, that they remain visible 

until the cause of the error has been rectified.

5.5 Communication (HART)

In addition to local operation, the measuring device can also be configured and measured values 

obtained by means of the HART protocol. Digital communication takes place using the 4...20 mA 

current output HART (see Page 49).

The HART protocol allows the transfer of measuring and device data between the HART master and 

the field devices for configuration and diagnostics purposes. The HART master, such as a handheld 

terminal or PC-based operating programs (such as ToF Tool - Fieldtool Package), require device 

description (DD) files which are used to access all the information in a HART device. Information is 

exclusively transferred using so-called “commands”. There are three different command groups:

Universal commands:

All HART device support and use universal commands. The following functionalities are linked to 

them:

• Identify HART devices

• Reading digital measured values (volume flow, totalizer, etc.)

Common practice commands:

Common practice commands offer functions which are supported and can be executed by most but 

not all field devices.

Device-specific commands:

These commands allow access to device-specific functions which are not HART standard. Such 

commands access individual field device information, amongst other things, such as empty/full pipe 

calibration values, low flow cut off settings, etc.

! Note!

The measuring device has access to all three command classes. On Page 64, you will find a list with 

all the supported “Universal Commands” and “Common Practice Commands”.

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 224 of 314



Proline Prosonic Flow 93 5 Operation

Endress+Hauser 61

5.5.1 Operating options

For the complete operation of the measuring device, including device-specific commands, there are 

DD files available to the user to provide the following operating aids and programs:

! Note!

In the CURRENT RANGE function (current output 1), the HART protocol demands the setting 

“4...20 mA HART” or “4-20 mA (25 mA) HART”.

• HART write protection can be disabled or enabled by means of a jumper on the I/O board.

HART handheld terminal DXR 375

Selecting device functions with a HART Communicator is a process involving a number of menu 

levels and a special HART function matrix.

The HART manual in the carrying case of the HART Communicator contains more detailed infor-

mation on the device.

Operating program “ToF Tool - Fieldtool Package”

Modular software package consisting of the service program “ToF Tool” for configuration and 

diagnosis of ToF level measuring devices (time-of-flight measurement) and evolution of pressure 

measuring instruments as well as the “ToF Tool - Fieldtool Package” service program for the con-

figuration and diagnosis of Proline flowmeters. The Proline flowmeters are accessed via a service 

interface or via the service interface FXA 193 or the HART protocol.

Contents of the “ToF Tool - Fieldtool Package”:

• Commissioning, maintenance analysis

• Configuring flowmeters

• Service functions

• Visualisation of process data

• Trouble-shooting

• Controlling the “Fieldcheck” tester/simulator

Fieldcare

FieldCare is Endress+Hauser’s FDT-based plant asset management tool and allows the configuration 

and diagnosis of intelligent field devices. By using status information, you also have a simple but 

effective tool for monitoring devices. The Proline flowmeters are accessed via a service interface or 

via the service interface FXA 193.

Operating program “SIMATIC PDM” (Siemens)

SIMATIC PDM is a standardised, manufacturer-independent tool for the operation, configuration, 

maintenance and diagnosis of intelligent field devices.

Operating program “AMS” (Emerson Process Management)

AMS (Asset Management Solutions): program for operating and configuring devices
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5.5.2 Current device description files

The following table illustrates the suitable device description file for the operating tool in question 

and then indicates where these can be obtained.

HART protocol:

Operation via the service protocol

Valid for software: 2.00.XX → Function "Device software" (8100)

Device data HART

Manufacturer ID:

Device ID:

11hex (ENDRESS+HAUSER)

59hex

→ Function "Manufacturer ID" (6040)

→ Function "Device ID" (6041)

HART version data: Device Revision 6/ DD Revision 1

Software release: 11.2004

Operating program: Sources for obtaining device descriptions:

Handheld terminal DXR 375 • Use update function of handheld terminal

ToF Tool - Fieldtool Package • www.tof-fieldtool.endress.com (→ Download → Software → Device driver)

• CD-ROM (Endress+Hauser order number 50097200)

Fieldcare / DTM • www.endress.com (→ Download → Software → Device driver)

• CD-ROM (Endress+Hauser order number 50097200)

AMS • www.endress.com (→ Download → Software → Device driver)

• CD-ROM (Endress+Hauser order number 50097200)

SIMATIC PDM • www.endress.com (→ Download → Software → Device driver)

• CD-ROM (Endress+Hauser order number 50097200)

Valid for device software: 2.00.XX → Function "Device software" (8100)

Software release: 11.2004

Operating program: Sources for obtaining device descriptions:

ToF Tool - Fieldtool Package • www.tof-fieldtool.endress.com (→ Download → Software → Device driver)

• CD-ROM (Endress+Hauser order number 50097200)

Tester/simulator: Sources for obtaining device descriptions:

Fieldcheck • Update by means of ToF Tool - Fieldtool Package via Fieldflash module
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5.5.3 Device variables and process variables

Device variables:

The following device variables are available using the HART protocol:

Process variables:

At the factory, the process variables are assigned to the following device variables:

• Primary process variable (PV) → Volume flow channel 1

• Second process variable (SV) → Totalizer 1

• Third process variable (TV) → Sound velocity Channel 1

• Fourth process variable (FV) → Flow velocity Channel 1

! Note!

You can set or change the assignment of device variables to process variables using Command 51 

(see Page 68).

ID (decimal) Device variable

0 OFF (not assigned)

30 Volume flow channel 1

31 Volume flow channel 2

32 Volume flow mean value

33 Volume flow total

34 Volume flow diff

40 Sound velocity Channel 1

41 Sound velocity Channel 2

42 Sound velocity mean value

49 Flow velocity Channel 1

50 Flow velocity Channel 2

51 Flow velocity mean value

250 Totalizer 1

251 Totalizer 2

252 Totalizer 3
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5.5.4 Universal / common practice HART commands

The following table contains all the universal and common practice commands supported by 

Prosonic Flow 93.

Command No.

HART command / Access type

Command data

(numeric data in decimal form)

Response data

(numeric data in decimal form)

Universal Commands

0 Read unique device identifier

Access type = read

none Device identification provides information on the 

device in the manufacturer. It cannot be changed.

The response consists of a 12 byte device ID:

– Byte 0: fixed value 254

– Byte 1: Manufacturer ID, 17 = E+H

– Byte 2: Device type ID, 89 = Prosonic Flow 93

– Byte 3: Number of preambles

– Byte 4: Rev. no. universal commands 

– Byte 5: Rev. no. device-specific commands

– Byte 6: Software revision

– Byte 7: Hardware revision

– Byte 8: Additional device information

– Bytes 9-11: Device identification

1 Read primary process variable

Access type = read

none – Byte 0: HART unit code of the primary process 

variable

– Bytes 1-4: Primary process variable 

Factory setting:

Primary process variable = Volume flow channel 1

! Note!

• You can set or change the assignment of device 

variables to process variables using Command 51.

• Manufacturer-specific units are represented using 

the HART unit code “240”

2 Read the primary process variable 

as current in mA and percentage 

of the set measuring range

Access type = read

none – Bytes 0-3: actual current of the primary process 

variable in mA

– Bytes 4-7: Percentage of the set measuring range

Factory setting:

Primary process variable: Volume flow channel 1

! Note!

You can set or change the assignment of device 

variables to process variables using Command 51.
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3 Read the primary process variable 

as current in mA and four (preset 

using Command 51) dynamic 

process variables

Access type = read

none 24 bytes are sent as a response:

– Bytes 0-3: primary process variable current in mA

– Byte 4: HART unit code of the primary process 

variable

– Bytes 5-8: Primary process variable

– Byte 9: HART unit code of the second process 

variable

– Bytes 10-13: Second process variable

– Byte 14: HART unit code of the third process 

variable

– Bytes 15-18: Third process variable

– Byte 19: HART unit code of the fourth process 

variable

– Bytes 20-23: Fourth process variable

Factory setting:

• Primary process variable = Volume flow channel 1

• Second process variable = Totalizer 1

• Third process variable = Sound vel. channel 1

• Fourth process variable = Flow vel. channel 2

! Note!

• You can set the assignment of device variables to 

process variables using Command 51.

• Manufacturer-specific units are represented using 

the HART unit code “240”.

6 Set HART shortform address

Access type = write

Byte 0: desired address (0...15)

Factory setting:

0

! Note!

With an address >0  (multidrop mode), the current 

output of the primary process variable is set to 4 mA. 

Byte 0: active address

11 Read unique device identification 

using the TAG (measuring point 

designation)

Access type = read

Bytes 0-5: Measuring point designation (TAG) Device identification delivers information on the 

device and the manufacturer. It cannot be changed.

The response consists of a 12 byte device ID if the 

given TAG agrees with the one saved in the device:

– Byte 0: fixed value 254

– Byte 1: Manufacturer ID, 17 = E+H

– Byte 2: Device type ID , 89 = Prosonic Flow 93

– Byte 3: Number of preambles

– Byte 4: Universal commands rev. no.

– Byte 5: Device-specific commands rev. no.

– Byte 6: Software revision

– Byte 7: Hardware revision

– Byte 8: Additional device information

– Bytes 9-11: Device identification 

12 Read user message

Access type = read

none Bytes 0-24: User message

! Note!

You can write the user message using Command 17.

13 Read TAG, descriptor and date

Access type = read

none – Bytes 0-5: TAG name

– Bytes 6-17: TAG descriptor

– Bytes 18-20: Date

! Note!

You can write the TAG, TAG descriptor and date using 

Command 18.

Command No.

HART command / Access type

Command data

(numeric data in decimal form)

Response data

(numeric data in decimal form)
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14 Read sensor information on pri-

mary process variable

none – Bytes 0-2: Sensor serial number

– Byte 3: HART unit code of sensor limits and 

measuring range of the primary process variable

– Bytes 4-7: Upper sensor limit

– Bytes 8-11: Lower sensor limit

– Bytes 12-15: Minimum span

! Note!

• The data relate to the primary process variable

(= volume flow channel 1).

• Manufacturer-specific units are represented using 

the HART unit code “240”.

15 Read output information of pri-

mary process variable

Access type = read

none – Byte 0: Alarm selection code

– Byte 1: Transfer function code

– Byte 2: HART unit code for the set measuring range 

of the primary process variable

– Bytes 3-6: End of measuring range, value for 20 mA

– Bytes 7-10: Start of measuring range, value for 

4 mA

– Bytes 11-14: Attenuation constant in [s]

– Byte 15: Write protection code

– Byte 16: OEM dealer code, 17 = E+H

Factory setting:

Primary process variable = Volume flow channel 1

! Note!

• You can set the assignment of device variables to 

process variables using Command 51.

• Manufacturer-specific units are represented using 

the HART unit code “240”

16 Read the device production 

number

Access type = read

none Bytes 0-2: Production number

17 Write user message

Access = write

You can save any 32-character text in the device under 

this parameter:

Bytes 0-23: Desired user message

Displays the current user message in the device:

Bytes 0-23: Current user message in the device

18 Write TAG, TAG descriptor and 

date

Access = write

With this parameter, you can store an 8 character 

TAG, a 16 character TAG descriptor and a date:

– Bytes 0-5: TAG name

– Bytes 6-17: TAG descriptor

– Bytes 18-20: Date

Displays the current information in the device:

– Bytes 0-5: TAG name

– Bytes 6-17: TAG descriptor

– Bytes 18-20: Date

Common Practice Commands

34 Write damping value for primary 

process variable

Access = write

Bytes 0-3: Damping value of the primary process varia-

ble in seconds

Factory setting:

Primary process variable: Volume flow channel 1

Displays the current damping value in the device:

Bytes 0-3: Damping value in seconds

Command No.

HART command / Access type

Command data

(numeric data in decimal form)

Response data

(numeric data in decimal form)
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35 Write measuring range of primary 

process variable

Access = write

Write the desired measuring range:

– Byte 0: HART unit code of the primary process 

variable

– Bytes 1-4: Upper range, value for 20 mA

– Bytes 5-8: Lower range, value for 4 mA

Factory setting:

Primary process variable = Volume flow channel 1

! Note!

• You can set or change the assignment of device 

variables to process variables using Command 51.

• If the HART unit code is not the correct one for the 

process variable, the device will continue with the 

last valid unit

The currently set measuring range is shown as the 

response:

– Byte 0: HART unit code for the set measuring range 

of the primary process variable

– Bytes 1-4: Upper range, value for 20 mA

– Bytes 5-8: Lower range, value for 4 mA

! Note!

Manufacturer-specific units are represented using the 

HART unit code “240”.

38 Device status reset “Configuration 

changed”

Access = write

none none

40 Simulate output current of 

primary process variable

Access = write

Simulation of the desired output current of the primary 

process variable. An entry value of 0 exits the simula-

tion mode:

Bytes 0-3: Output current in mA

Factory setting:

Primary process variable: Volume flow channel 1

! Note!

You can set the assignment of device variables to 

process variables using Command 51.

The momentary output current of the primary process 

variable is displayed as a response:

Bytes 0-3: Output current in mA

42 Perform master reset

Access = write

none none

44 Write unit of primary process var-

iable

Access = write

Set unit of primary process variable Only unit which 

are suitable for the process variable are transferred to 

the device:

Byte 0: HART unit code

Factory setting:

Primary process variable: Volume flow channel 1

! Note!

• If the written HART unit code is not the correct one 

for the process variable, the device will continue 

with the last valid unit.

• If you change the unit of the primary process 

variable, this has no impact on the system units.

The current unit code of the primary process variable is 

displayed as a response:

Byte 0: HART unit code

! Note!

Manufacturer-specific units are represented using the 

HART unit code “240”.

48 Read additional device status

Access = read

none The device status is displayed in extended form as the 

response:

Coding: see table on Page 69

Command No.

HART command / Access type

Command data

(numeric data in decimal form)

Response data

(numeric data in decimal form)
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50 Read assignment of the device 

variables to the four process 

variables

Access = read

none Display of the current variable assignment of the 

process variables:

– Byte 0: Device variable code to the primary process 

variable

– Byte 1: Device variable code to the second process 

variable

– Byte 2: Device variable code to the third process 

variable

– Byte 3: Device variable code to the fourth process 

variable

Factory setting:

• Primary process variable: code 30 for volume flow 

channel 1

• Second process variable: code 250 for 

totalizer 1

• Third process variable: code 40 for sound velocity 

Channel 1

• Fourth process variable: code 49 for flow velocity 

Channel 1

! Note!

You can set or change the assignment of device varia-

bles to process variables using Command 51.

51 Write assignments of the device 

variables to the four process 

variables

Access = write

Setting of the device variables to the four process 

variables:

– Byte 0: Device variable code to the primary process 

variable

– Byte 1: Device variable code to the second process 

variable

– Byte 2: Device variable code to the third process 

variable

– Byte 3: Device variable code to the fourth process 

variable

Code of the support device variables:

See data on Page 63

Factory setting:

• Primary process variable: Volume flow channel 1

• Second process variable = Totalizer 1

• Third process variable = Sound vel. channel 1

• Fourth process variable = Flow vel. channel 1

The variable assignment of the process variables is 

displayed as a response:

– Byte 0: Device variable code to the primary process 

variable

– Byte 1: Device variable code to the second process 

variable

– Byte 2: Device variable code to the third process 

variable

– Byte 3: Device variable code to the fourth process 

variable

53 Write device variable unit

Access = write

This command set the unit of the given device 

variables. Only those units which suit the device 

variable are transferred:

– Byte 0: Device variable code

– Byte 1: HART unit code

Code of the supported device variables:

See data on Page 63

! Note!

• IIf the written unit is not the correct one for the 

device variable, the device will continue with the 

last valid unit.

• If you change the unit of the device variable, this 

has no impact on the system units.

The current unit of the device variables is displayed in 

the device as a response:

– Byte 0: Device variable code

– Byte 1: HART unit code

! Note!

Manufacturer-specific units are represented using the 

HART unit code “240”.

59 Set number of preambles in 

message responses

Access = write 

This parameter sets the number of preambles which 

are inserts in the message responses:

Byte 0: Number of preambles (2...20)

As a response, the current number of the preambles is 

displayed in the response message:

Byte 0: Number of preambles

Command No.

HART command / Access type

Command data

(numeric data in decimal form)

Response data

(numeric data in decimal form)
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5.5.5 Device status / Error messages

You can read the extended device status, in this case, current error messages, via Command “48”. 

The command delivers information which are partly coded in bits (see table below).

! Note!

You can find a detailed explanation of the device status and error messages and their elimination on 

Page 106 ff.!

Byte Bit Error no. Short error description (  →  Page 106 ff.) 

0

0 001 Serious device error

1 011 Measuring amplifier has faulty EEPROM

2 012 Error when accessing data of the measuring amplifier EEPROM

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 not assigned –

1

0 not assigned –

1 not assigned –

2 not assigned –

3 041 T-DAT: defective or missing

4 042 T-DAT: Error accessing saved values

5 051 The I/O- and the amplifier board are not compatible

6 not assigned –

7 not assigned –

2

0 not assigned –

1 not assigned –

2 082 Connection (downwards) sensor C1 / transmitter interrupted

3 083 Connection (downwards) sensor C2 / transmitter interrupted

4 not assigned –

5 085 Connection (upwards) sensor C1 / transmitter interrupted

6 086 Connection (upwards) sensor C2 / transmitter interrupted

7 not assigned –

3

0 not assigned –

1 not assigned –

2 not assigned –

3 111 Totalizer checksum error

4 121 The I/O- and the amplifier board are not compatible.

5 not assigned –

6 205 T-DAT: Download not successful

7 206 T-DAT: Upload not successful 
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4

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 261 No data reception between amplifier and I/O board

5 not assigned –

6 not assigned –

7 not assigned –

5

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 339

Current buffer:

The temporarily buffered flow portions (measuring mode for pul-sating flow) 

could not be cleared or output within 60 seconds.

6

0 340

1 341

2 342

3 343

Frequency buffer:

The temporarily buffered flow portions (measuring mode for pul-sating flow) 

could not be cleared or output within 60 seconds.

4 344

5 345

6 346

7 347

Pulse buffer:

The temporarily buffered flow portions (measuring mode for pul-sating flow) 

could not be cleared or output within 60 seconds.

7

0 348

1 349

2 350

3 351

Current output: flow is out of range.
4 352

5 353

6 354

7 355

Frequency output: flow is out of range.

8

0 356

1 357

2 358

3 359

Pulse output: the pulse output frequency is out of range.
4 360

5 361

6 362

7 not assigned –

Byte Bit Error no. Short error description (  →  Page 106 ff.) 
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9

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 not assigned –

10

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 392 Attenuation of acoustic measurement section too high (Channel 1)

6 393 Attenuation of acoustic measurement section too high (Channel 2)

7 not assigned –

11

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 not assigned –

12

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 492 Channel 1 = Sound velocity outside measuring range

6 493 Channel 2 = Sound velocity outside measuring range

7 501 New measuring amplifier software version is loaded. No other commands 

possible at this point.

13

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 not assigned –

Byte Bit Error no. Short error description (  →  Page 106 ff.) 
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14

0 not assigned –

1 592 Channel 1: Initialization running. All outputs set to “0”.

2 593 Channel 2: Initialization running. All outputs set to “0”.

3 not assigned –

4 602 Measured value suppression active (C1)

5 603 Measured value suppression active (C2)

6 604 Measured value suppression active (C1 +C2)

7 611

Simulation current output active

15

0 612

1 613

2 614

3 621

Simulation frequency output active
4 622

5 623

6 624

7 631

Simulation pulse output active

16

0 632

1 633

2 634

3 641

Simulation status output active
4 642

5 643

6 644

7 651

Simulation relay output active

17

0 652

1 653

2 654

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 671

Simulation status input active

18

0 672

1 673

2 674

3 691 Simulation of response to error (outputs) active

4 not assigned –

5 not assigned –

6 694 Channel 1: Volume flow simulation active

7 695 Channel 2: Volume flow simulation active 

Byte Bit Error no. Short error description (  →  Page 106 ff.) 
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19

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 not assigned –

20

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 not assigned –

5 not assigned –

6 not assigned –

7 not assigned –

21

0 not assigned –

1 not assigned –

2 743 Channel 1: Static zero point adjustment is not possible.

3 744 Channel 2: Static zero point adjustment is not possible.

4 not assigned –

5 not assigned –

6 not assigned –

7 not assigned –

22

0 not assigned –

1 not assigned –

2 not assigned –

3 not assigned –

4 061 Transmitter F-CHIP is defective or missing

5 not assigned –

6 not assigned –

7 not assigned –

Byte Bit Error no. Short error description (  →  Page 106 ff.) 
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5.5.6 Switching HART write protection on and off

A jumper on the I/O board provides the means of activating or deactivating HART write protection.

# Warning!

Risk of electric shock. Exposed components carry dangerous voltages. Make sure that the power 

supply is switched off before you remove the cover of the electronics compartment.

1. Switch off power supply.

2. Remove the I/O board  → Page 118

3. Switch HART write protection on or off, as applicable, by means of the jumper (Fig. 58).

4. Installing the I/O board is the reverse of the removal procedure.

A0001212

Fig. 58: Switching HART write protection on and off (I/O board)

1 Write protection switched off (factory setting), i.e. HART protocol enabled.

2 Write protection switched on, i.e. HART protocol locked.

1

2
IN

PUT/O
UTPUT

4

IN
PUT/O

UTPUT
3

IN
PUT/O

UTPUT
2
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6 Commissioning

6.1 Function check

Make sure that all final checks have been completed before you start up your measuring point:

• “Installation check” checklist  → Page 43

• “Connection check” checklist  → Page 51

Switching on the measuring device

Once the connection checks (see Page 51) have been successfully completed, it is time to switch on 

the power supply. The device is now operational.

The measuring device performs a number of self-tests after power-on. As this procedure progresses 

the following sequence of messages appears on the local display:

Standard measuring mode commences as soon as power-on is completed. Various measured value 

and/or status variables appear on the display (HOME position).

! Note!

If start-up fails, an error message indicating the cause is displayed. 

PROSONIC FLOW 93

START RUNNING

Start-up message

▼

PROSONIC FLOW 93

SW AMPLIFIER 

V XX.XX.XX

Current software version 

▼

CURRENT OUTPUT

FREQUENCY OUTPUT 

RELAY OUTPUT 

STATUS INPUT

List of installed input/output modules

▼

SYSTEM OK 

→ OPERATION

Beginning of standard measuring mode

▼
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6.2 Commissioning via local display

6.2.1 “Sensor” Quick Setup menu

If the measuring device is equipped with a local operation, the sensor distance can be ascertained 

using the “Sensor” Quick Setup menu (Fig. 59).

If a measuring device does not have a local operation, the individual parameters and functions must 

be configured via the configuration program ToF Tool - Fieldtool Package (see Page 84).

A000????

Fig. 59: Quick Setup menu for sensor installation (with local operation only)
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! Note!

• The display returns to the cell SETUP SENSOR (1001) if you press the ESC key combination (X) 

during interrogation.

• If you confirm the inquiry “Automatic configuration of the display?” as YES, the configuration of 

the display will be carried out as follows: main line = volume flow, additional line = totalizer 1, 

information line = operational/system condition.

➀

Selection of the system units only influences the functions UNIT TEMPERATURE (0422),

UNIT LENGTH (0424) and UNIT VELOCITY (0425).

➁ 

If a channel is selected which Quick Setup has already been executed, the previous values are 

overwritten.

➂ 

During each run, all the options can be selected. If settings were made during a previous run, 

these are overwritten.

➃ 

Selection “YES”: The value measured during Quick Setup is accepted in the appropriate function. 

Selection “NO”: The measurement is discarded and the original value remains.

➄ 

The function POSITION SENSOR (6884) only appears when the CLAMP ON option is set in the 

MEASUREMENT function and the number of traverses is 2 or 4 in the function SENSOR CONFIG-

URATION (6882).

➅ 

The function WIRE LENGTH (6885) only appears when the CLAMP ON option is set in the

MEASUREMENT function and the number of traverses is 1 or 3 in the function SENSOR CONFIG-

URATION (6882).

➆ 

The function ARC LENGTH (6887) only appears when the INSERTION option is set in the

MEASUREMENT function and the DUAL PATH option is selected in the SENSOR CONFIGURA-

TION (6882) function.
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6.2.2 “Commissioning” Quick Setup menu

If the measuring device is equipped with a local operation, all the device parameters important for 

standard measuring mode can be configured easily and quickly using the “Commissioning” Quick 

Setup menu (Fig. 60).

If a measuring device does not have a local operation, the individual parameters and functions must 

be configured via the configuration program ToF Tool - Fieldtool Package (see Page 84).

F06-93xxxxxx-19-xx-xx-en-000

Fig. 60: “Commissioning” Quick Setup (with local operation only)
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! Note!

• The display returns to the cell QUICK SETUP COMMISSIONING (1002) if you press the ESC key 

combination (X) during interrogation.

• If you confirm the inquiry “Automatic configuration of the display?” as YES, the configuration of 

the display will be carried out as follows: main line = volume flow, additional line = totalizer 1, 

information line = operational/system condition.

➀

Only the units not yet configured in the current Quick Setup are offered for selection in each cycle. 

The unit for volume is derived from thevolume flow unit.

➁

The “YES” option remains visible until all the units have been configured. “NO” is the only option 

displayed when no further units are available.

➂

Only the outputs not yet configured in the current Quick Setup are offered for selection in each 

cycle.

➃

The “YES” option remains visible until all the outputs have been configured. “NO” is the only option 

displayed when no further outputs are available.
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6.2.3 “Pulsating Flow” Quick Setup menu

Certain types of pump such as reciprocating, peristaltic and cam-type pumps, for example, create a 

flow characterized by severe periodic fluctuations (Fig. 61). Negative flows can occur with pumps 

of these types on account of the closing volume of the valves or valve leaks. 

A0001213

Fig. 61: Flow characteristics of various types of pump

A = with severely pulsing flow

B = with slightly pulsing flow

1 1-cylinder cam pump

2 2-cylinder cam pump

3 Magnetic pump

4 Peristaltic pump, flexible connecting hose

5 Multi-cylinder reciprocating pump

Severely pulsating flow

Once several device functions have been configured in the “Pulsating Flow” Quick Setup menu, 

flow fluctuations can be compensated over the entire flow range and 

pulsating fluid flows measured correctly. You will find detailed instructions on how to use this 

“Pulsating Flow” menu on Page 81.

! Note!

It is always advisable to work through the “Pulsating Flow” Quick Setup menu if here is any 

uncertainty about the exact flow characteristic.

Slightly pulsating flow

If flow fluctuations are no more than minor, as is the case, for example with gear-type, three-cylin-

der or multi-cylinder pumps, it is not absolutely necessary to work through the Quick Setup menu.

In cases of this nature, however, it is advisable to adapt the functions listed below in the function 

matrix (see the “Description of Device Functions” manual) to suit local process conditions in order 

to ensure a stable, unvarying output signal. This applies particularly to the current output:

• Measuring system damping: “FLOW DAMPING” function increase value

• Current output damping: “TIME CONSTANT” function increase value

Q

Q

Q Q

Q

t

t

t t

t

1

3

2 5

4

A B
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Using the “Pulsating Flow” Quick Setup menu

If the measuring device is equipped with a local operation, all the device parameters important for 

standard measuring mode can be configured easily and quickly using the “Pulsating Flow” Quick 

Setup menu (Fig. 60).

If a measuring device does not have a local operation, the individual parameters and functions must 

be configured via the configuration program ToF Tool - Fieldtool Package (see Page 84)

F-93xxxxxx-19-xx-xx-en-001

Fig. 62: Quick Setup for measuring severely pulsating flows (with local operation only)

Recommended setting   → Page 82
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! Note!

• The display returns to the cell QUICK SETUP PULSATING FLOW (1003) if you press the ESC 

key combination (X) during interrogation.

• You can call this Quick Setup menu either directly from the “COMMISSIONING” Quick Setup 

menu or manually by means of the QUICK SETUP PULSATING FLOW function (1003).

• If you confirm the inquiry “Automatic configuration of the display?” as YES, the configuration of 

the display will be carried out as follows: main line = volume flow, additional line = totalizer 1, 

information line = operational/system condition.

➀

Only the totalizers not yet configured in the current Quick Setup are offered for selection in each 

cycle.

➁

The “YES” option remains visible until all the totalizers have been parameterized. “NO” is the only 

option displayed when no further totalizers are available.

➂ 

Only the outputs not yet configured in the current Quick Setup are offered for selection in each 

cycle.

➃

The “YES” option remains visible until all the outputs have been parameterized. “NO” is the only 

option displayed when no further outputs are available.

“Pulsating Flow” Quick Setup menu

HOME position  → F → MEASURED VARIABLE (A)

MEASURED VARIABLE  → O → QUICK SETUP (B)

QUICK SETUP  → N → QS PULSE. FLOW (1003)

Function No. Function name Setting to select (P)

1003 SETUP PULSATING FLOW YES

After  F is pressed by way of confirmation, 

the Quick Setup menu calls up all the subse-

quent functions in succession.

▼

Basic configuration

2002 DISPLAY DAMPING 1 s

3002 TOTALIZER MODE (DAA) BALANCE (totalizer 1)

3002 TOTALIZER MODE (DAB) BALANCE (totalizer 2)

3002 TOTALIZER MODE (DAC) BALANCE (totalizer 3)

Signal type for “CURRENT OUTPUT 1...n”

4004 MEASURING MODE PULSATING FLOW

4005 TIME CONSTANT 1 s

Signal type for “PULSE/FREQ. OUTPUT 1...2” (for FREQUENCY operating mode)

4206 MEASURING MODE PULSATING FLOW
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4208 TIME CONSTANT 0 s

Signal type for “PULSE/FREQ. OUTPUT 1...2” (for PULSE operating mode)

4225 MEAS. MODE PULS. FLOW

Other settings

8005 ALARM DELAY 0 s

6400 ASSIGN LOW FLOW CUTOFF VOLUME FLOW

6402 ON-VALUE LOW FLOW CUT OFF Recommended setting 0.4 l/s

6403 OFF-VALUE LOW FLOW CUTOFF 50%

6404 PRESSURE SHOCK SUPPRESSION 0 s

▼

Back to the HOME position

→ Press and hold down the Esc key (X) for longer than three seconds.

→ Repeatedly press and release Esc key (X) → exit the function matrix step by step

“Pulsating Flow” Quick Setup menu
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6.3 Commissioning via a configuration program

6.3.1 Sensor installation

For sensor installation with the configuration program ToF Tool - Fieldtool Package any “Quick 

Setup” menus which correspond to the local operation exist.

Other methods (see table) are available for determining the relevant values for sensor distance, wire 

length, etc. The procedure is illustrated in detail on  → Page 85.

Sensor type Required values for 

the sensor mounting 

procedure

Local operation 1) ToF Tool - Fieldtool 

Package 2) Applicator 3)

Clamp-on 

version

Sensor position x x x

Wire length x x x

Sensor distance x x x

Insertion 

version

Sensor distance x x x

Arc length x x x

Path length x x x

1) Conditions that must be met before determining the values via the local operation using 

the “Sensor” Quick Setup (see Page 76):

• Transmitter installed (see Page 41)

• Transmitter connected to power supply (see Page 47)

2) ToF Tool - Fieldtool Package is a configuration and service software for flowmeters in the 

field. Conditions that must be met before determining the values via the ToF Tool - Field-

tool Package:

• Transmitter installed (see Page 41)

• Transmitter connected to power supply (see Page 47)

• “ToF Tool - Fieldtool Package” configuration and service software installed on a note-

book/PC

• Connection made between notebook/PC and device via the FXA 193 service interface 

(see Page 47)

3) Applicator is a software for selecting and configuring flowmeters. The values required can 

be determined without having to connect the transmitter beforehand.

The “Applicator” can be downloaded from the Internet (→ www.applicator.com) or 

ordered on CD-ROM for installation on a local PC.
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Procedure (determining data for sensor installation)

You can use the following tables to select and configure, in the correct order, the functions required 

to install the sensor:

• “Clamp-on” sensor installation  → Page 85

• “Insertion” sensor installation  → Page 87

• “Liquid sound velocity” measurement (only for clamp-on)  → Page 88

• “Pipe sound velocity” measurement (only for clamp-on)  → Page 89

• “Wall thickness” measurement (only for clamp-on)  → Page 90

! Note!

You must enter a valid release code before device parameters can be changed or activated. The code 

(factory setting = 93) is entered by means of the corresponding matrix cell.     

“Clamp-on” sensor installation

Procedure

Selection - Input - display

Local operation (Quick Setup)

▼

ToF Tool - Fieldtool Package

▼

▼

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

Type of measurement MEASUREMENT (6880) MEASUREMENT

Sensor type SENSOR TYPE (6881) SENSOR TYPE

Sensor configuration SENSOR CONFIGURATION (6882) SENSOR CONFIGURATION

▼

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

Standard pipe selection PIPE STANDARD (6520) PIPE STANDARD

Nominal diameter pipe NOMINAL DIAMETER (6521) NOMINAL DIAMETER 

Pipe material PIPE MATERIAL (6522) PIPE MATERIAL

Pipe sound velocity SOUND VELOCITY PIPE (6524) SOUND VELOCITY PIPE 

Pipe circumference CIRCUMFERENCE (6525) CIRCUMFERENCE

Pipe diameter PIPE DIAMETER (6526) PIPE DIAMETER 

Wall thickness WALL THICKNESS (6527) WALL THICKNESS

Liner material LINER MATERIAL(6528) LINER MATERIAL

Liner sound velocity SOUND VELOCITY LINER (6529) SOUND VELOCITY LINER

Liner thickness LINER THICKNESS (6530) LINER THICKNESS

▼

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ LIQUID DATA

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ LIQUID DATA

Liquid in the pipe LIQUID (6540) LIQUID

Liquid temperature TEMPERATURE (6541) TEMPERATURE

Liquid sound velocity SOUND VELOCITY LIQUID (6542) SOUND VELOCITY LIQUID 
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▼

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

Didsplay sensorposition

(for sensor installation)

POSITION SENSOR (6884) POSITION SENSOR

Didsplay wire length

(for sensor installation)

WIRE LENGTH (6885) CABLE LENGTH

Didsplay sensor distance

(for sensor installation)

SENSOR DISTANCE (6886) SENSOR DISTANCE

! Note!

• All functions are described in detail in the “Description of Device Functions” manual, which is a separate part of 

this Operating Instruction!

• The procedure for running through the “Sensor Installation” Quick Setup using the local operation is explained on 

Page 76.
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“Insertion” sensor installation

Procedure

Selection - Input - display

Local operation (Quick Setup)

▼

ToF Tool - Fieldtool Package

▼

▼

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

Type of measurement MEASUREMENT (6880) MEASUREMENT

Sensor type SENSOR TYPE (6881) SENSOR TYPE

Sensor configuration SENSOR CONFIGURATION (6882) SENSOR CONFIGURATION

▼

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

Standard pipe selection PIPE STANDARD (6520) PIPE STANDARD

Nominal diameter pipe NOMINAL DIAMETER (6521) NOMINAL DIAMETER 

Pipe circumference CIRCUMFERENCE (6525) CIRCUMFERENCE

Pipe diameter PIPE DIAMETER (6526) PIPE DIAMETER 

Wall thickness WALL THICKNESS (6527) WALL THICKNESS

▼

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

Didsplay sensor distance

(for sensor installation)

SENSOR DISTANCE (6886) SENSOR DISTANCE

Didsplay arc length

(for sensor installation)

ARC LENGTH (6887) ARC LENGTH 

Didsplay path length

(for sensor installation)

PATH LENGTH (6888) PATH LENGTH 

! Note!

• All functions are described in detail in the “Description of Device Functions” manual, which is a separate part of 

this Operating Instruction!

• The procedure for running through the “Sensor Installation” Quick Setup using the local operation is explained on 

Page 76.
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“Liquid sound velocity” measurement (only for clamp-on)

Procedure

Selection - Input - display

Local operation (Quick Setup)

▼

ToF Tool - Fieldtool Package

▼

▼

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

Type of measurement MEASUREMENT (6880) MEASUREMENT

Sensor type SENSOR TYPE (6881) SENSOR TYPE

Sensor configuration SENSOR CONFIGURATION (6882) SENSOR CONFIGURATION

▼

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

Standard pipe selection PIPE STANDARD (6520) PIPE STANDARD

Nominal diameter pipe NOMINAL DIAMETER (6521) NOMINAL DIAMETER 

Pipe material PIPE MATERIAL (6522) PIPE MATERIAL

Pipe sound velocity SOUND VELOCITY PIPE (6524) SOUND VELOCITY PIPE 

Pipe circumference CIRCUMFERENCE (6525) CIRCUMFERENCE

Pipe diameter PIPE DIAMETER (6526) PIPE DIAMETER 

Wall thickness WALL THICKNESS (6527) WALL THICKNESS

Liner material LINER MATERIAL(6528) LINER MATERIAL

Liner sound velocity SOUND VELOCITY LINER (6529) SOUND VELOCITY LINER

Liner thickness LINER THICKNESS (6530) LINER THICKNESS

▼

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ LIQUID DATA

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ LIQUID DATA

Display of liquid sound 

velocity

SOUND VELOCITY LIQUID (6542) SOUND VELOCITY LIQUID 

! Note!

• All functions are described in detail in the “Description of Device Functions” manual, which is a separate part of 

this Operating Instruction!

• The procedure for running through the “Sensor Installation” Quick Setup using the local operation is explained on 

Page 76.
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“Pipe sound velocity” measurement (only for clamp-on)

Procedure

Selection - Input - display

Local operation (Quick Setup)

▼

ToF Tool - Fieldtool Package

▼

▼

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

Type of measurement MEASUREMENT (6880) MEASUREMENT

Sensor type SENSOR TYPE (6881) SENSOR TYPE

▼

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

Thickness reference value REFERENCE VALUE (6523) REFERENCE VALUE

Pipe sound velocity SOUND VELOCITY PIPE (6524) SOUND VELOCITY PIPE

▼

Display of pipe sound velocity SOUND VELOCITY PIPE (6524) SOUND VELOCITY PIPE

! Note!

• All functions are described in detail in the “Description of Device Functions” manual, which is a separate part of 

this Operating Instruction!

• The procedure for running through the “Sensor Installation” Quick Setup using the local operation is explained on 

Page 76.
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6.3.2 Commissioning

Additionally to the settings for the sensor installation (Chapter 6.3.1) the following functions have 

to be configured for the standard application:

• System parameters

• Outputs

“Wall thickness” measurement (only for clamp-on)

Procedure

Selection - Input - display

Local operation (Quick Setup)

▼

ToF Tool - Fieldtool Package

▼

▼

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

→ BASIC FUNCTION

→ SENSOR DATA CH1/CH2

→ SENSOR PARAM.

Type of measurement MEASUREMENT (6880) MEASUREMENT

Sensor type SENSOR TYPE (6881) SENSOR TYPE

▼

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

→ BASIC FUNCTION

→ PROCESS PARAM. CH1/CH2

→ PIPE DATA

Pipe material PIPE MATERIAL (6522) PIPE MATERIAL

Pipe sound velocity SOUND VELOCITY PIPE (6524) SOUND VELOCITY PIPE 

Wall thickness WALL THICKNESS (6527) WALL THICKNESS

▼

Display of wall thickness WALL THICKNESS (6527) WALL THICKNESS

! Note!

• All functions are described in detail in the “Description of Device Functions” manual, which is a separate part of 

this Operating Instruction!

• The procedure for running through the “Sensor Installation” Quick Setup using the local operation is explained on 

Page 76.
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6.4 Application specific commissioning

6.4.1 Zero point adjustment

Consequently, zero point adjustment is generally not necessary.

Experience shows that the zero point adjustment is advisable only in special cases:

• To achieve highest measuring accuracy also with very small flow rates.

• Under extreme process or operating conditions (e.g. very high process temperatures or very high 

viscosity fluids).

Preconditions for a zero point adjustment

Note the following before you perform a zero point adjustment:

• A zero point adjustment can be performed only with fluids that contain no gas or solid contents.

• Zero point adjustment is performed with the pipe completely filled and at zero flow 

(v = 0 m/s). This can be achieved, for example, with shut-off valves upstream and/or down-

stream of the measuring range or by using existing valves and gates (Fig. 63).

– Standard operation → valves 1 and 2 open

– Zero point adjustment with pump pressure → valve 1 open / valve 2 closed

– Zero point adjustment without pump pressure → valve 1 closed / valve 2 open

" Caution!

• If the fluid is very difficult to measure (e.g. containing entrained solids or gas) it may prove 

impossible to obtain a stable zero point despite repeated zero point adjustments. In instances of 

this nature, please contact your Endress+Hauser service center.

• You can view the currently valid zero point value using the “ZERO POINT” function (see the 

“Description of Device Functions” manual).

A0001143

Fig. 63: Zero point adjustment and shut-off valves

1

2
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Performing a zero point adjustment

1. Operate the system until normal operating conditions resume. 

2. Stop the flow (v = 0 m/s).

3. Check the shut-off valves for leaks.

4. Check that operating pressure is correct.

5. Using the local operation, select the “ZERO POINT ADJUSTMENT” function in the function 

matrix: 

HOME → F → R → BASIC FUNCTIONS

BASIC FUNCTIONS → F → R → PROCESS PARAMETER C1/C2

PROCESS PARAMETER → F → R →CALIBRATION

CALIBRATION → F → ZERO POINT ADJUSTMENT

6. When you press OS you are automatically prompted to enter the code if the function matrix 

is still disabled. Enter the code.

7. Use OS to select START and press F to confirm.

Select YES at the prompt and press F again to confirm. Zero point adjustment now starts.

– The message “ZERO POINT ADJUST RUNNING” appears on the display for 30...60 seconds 

while adjustment is in progress. 

– If the fluid velocity in the pipe exceeds 0.1 m/s, the following error message appears on the 

display: ZERO ADJUST NOT POSSIBLE.

– When the zero point adjustment is completed, the “ZERO ADJUST.” function reappears on 

the display.

8. Back to the HOME position

– Press and hold down the Esc key (X) for longer than three seconds.

– Repeatedly press and release the Esc key (X).
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6.4.2 Advanced diagnostic functions

Changes to the measuring system can be detected at an early stage by means of the optional software 

package “Advanced Diagnostics” (F-CHIP, accessories  → Page 101). Normally, these influences 

reduce the measuring accuracy of the system or may lead to serious system errors.

By means of the diagnostic functions it is now possible to record various process and device 

parameters during operation, e.g. volume flow, flow velocity, signal strength. sound velocity, etc. 

By analysing the trend of these measured values, deviations of the measuring system from a 

“reference status” can be detected in good time and corrective measures can be taken.

Reference values as the basis for trend analysis

Reference values of the parameters in question must always be recorded for trend analysis. These 

reference values are determined under reproducible, constant conditions. Reference data are ascer-

tained under customer-specific process conditions, e.g. during commissioning or during certain 

processes (cleaning cycles, etc.)

Reference values are recorded and saved in the measuring system always by means of the device 

function → REFERENCE CONDITION USER (7401).

" Caution!

It is not possible to analyse the trend of process/device parameters without reference values! 

Reference values can only be determined under constant, non-changing process conditions.

Methods of ascertaining data

Process and device parameters can be recorded in two different ways which you can define in the 

function → ACQUISITION MODE (7410):

• “PERIODICAL” option: Measuring device acquires data periodically. Enter the desired time inter-

val by means of the function “ACQUISITION PERIODE (7411)”.

• “SINGLE SHOT” option: The user himself acquires the data manually at different, free selectable 

periods.

Ensure the data is acquired when the process conditions correspond to the reference status. Only 

in this way can deviations from the reference status be determined reliably and clearly.

! Note!

The last ten entries are retained in chronological order in the measuring system.

The “history” of such values can be called up via various functions:

Diagnosis parameters Data saved (per parameter)

Volume flow

Flow velocity

Signal strength

Sound velocitty

Actual transit time

Acceptance rate

• Reference value → “REFERENCE VALUE” function

• Lowest measured value → “MINIMUM VALUE” function

• Highest measured value → “MAXIMUM VALUE” function

• List of the last ten measured values → “HISTORY 1” function

• Deviation measured/reference value → “ACTUAL DEVIATION” function

! Note!

More detailed information can be found in the “Description of Device Functions” Manual.
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Triggering warning messages

If required, a limit value can be assigned to all the process/device parameters relevant to the 

diagnostic functions. A warning message is triggered if this limit value is exceeded → function 

“WARNING MODE (7403)”.

The limit value is entered into the measuring system as a relative deviation from the reference value 

→ function “WARNING LEVEL (74...)”. 

Deviations can be assigned to and indicated via the current or relay outputs.

Data interpretation

The way the data recorded by the measuring system is interpreted depends largely on the applica-

tion in question. This means that users must have a very good knowledge of their specific process 

conditions and the related deviation tolerances in the process, which have to be determined by the 

users themselves in each individual case. 

For example, when using the limit function it is especially important to know the minimum and 

maximum deviation tolerances allowed. Otherwise there is the danger that a warning message is 

triggered inadvertently during “normal” process fluctuations.

There can be various reasons for deviating from the reference status. The following table provides 

examples and pointers for each of the six diagnosis parameters recorded:

Diagnosis parameters Possible reasons for deviation 

Signal strength A change in the signal strength can be a result of changes in the process, e.g. increased 

gas or solids content in the liquid, or less optimum signal coupling into the pipe due to 

drying out or loss of the coupling fluid, for example.

Sound velocity A change in the sound velocity can be put down to altered process conditions. The most 

common causes are changes in the temperature or composition of the liquid. Optimum 

measurement is achieved if the change in sound velocity is smaller than +/– 10%..

Actual transit time:

Duration of signal to go 

from transmitter via 

sensor, through pipe, 

liquid and back to trans-

mitter. Only the transit 

time in the liquid is 

relevant to the flow 

velocity measurement.

The actual transit time is proportional to the sound velocity.

Acceptance rate:

The acceptance rate indi-

cates the proportion of 

measurements which are 

applied by the flow calcu-

lation.

A reduction in the acceptance rate is caused by a fluctuating signal strength and indicates 

gas bubbles or solids in the liquid.
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6.4.3 Data back-up with “T-DAT SAVE/LOAD”

The “T-DAT SAVE/LOAD” function can be used to store all the settings and parameters of the 

device to the T-Dat data storage device. 

A0001221-EN

Fig. 64: Data back-up with “T-DAT SAVE/LOAD” function

Options

LOAD

Data on the T-DAT data storage device are copied to the device memory (EEPROM). 

This overwrites any settings and parameters of the device.

SAVE

Settings and parameters are copied from the device memory (EEPROM) to the T-DAT.

CANCEL

Cancels the option selection and returns you to the higher selection level.

Application examples

• After commissioning, the current measuring point parameters can be saved to the T-DAT as a 

backup.

• If the transmitter is replaced for some reason, the data from the T-DAT can be loaded into the 

new transmitter -(EEPROM).

! Note!

• If the target device has an older software version, the message 

“TRANSM. SW-DAT” is displayed during start-up. Then only the “SAVE” function is available.

• LOAD

This function is only possible if the target device has the same software version as, or a more 

recent software version than, the source device.

• SAVE

This function is always available.
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6.5 Hardware configuration

6.5.1 Current output: active/passive

The current output can be configured as “active” or “passive” by means of various jumpers on the 

I/O board or the current submodule.

# Warning!

Risk of electric shock. Exposed components carry dangerous voltages. Make sure that the power 

supply is switched off before you remove the cover of the electronics compartment.

1. Switch off power supply.

2. Remove the I/O board  → Page 118

3. Set the jumpers in accordance with Fig. 65.

" Caution!

– Risk of destroying the measuring device. Set the jumpers exactly as shown in Fig. 65. Incor-

rectly set jumpers can cause overcurrents that would destroy either the measuring device or 

external devices connected to it.

– Note that the position of the current submodule on the I/O board can vary, depending on 

the version ordered, and that the terminal assignment in the connection compartment of the 

transmitter varies accordingly  → Page 48.

4. Installing the I/O board is the reverse of the removal procedure.

A0001214

Fig. 65: Configuring current outputs with the aid of jumpers (I/O board)

1 Current output 1 with HART

1.1 Active (factory setting)

1.2 Passive

2 Current output 2 (optional, plug-in module)

2.1 Active (factory setting)

2.2 Passive
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6.5.2 Relay contacts: Normaly open/normaly closed

The relay contact can be configured as normally open (NO or make) or normally closed 

(NC or break) contacts by means of two jumpers on the I/O board or the relay submodule. 

This configuration can be called up at any time with the “ACTUAL STATUS, RELAY OUTPUT” 

function (No. 4740).

# Warning!

Risk of electric shock. Exposed components carry dangerous voltages. Make sure that the power 

supply is switched off before you remove the cover of the electronics compartment.

1. Switch off power supply.

2. Remove the I/O board → see Page 118

3. Set the jumpers in accordance with Fig. 66 or (I/O board upgradable) or Fig. 59 (I/O board 

not upgradable).

" Caution!

– The configuration of the jumpers on the fixed module board is mirrored to that of the flexible 

module board. Play close attention to the display in the illustrations.

– Please change the positions of both jumpers.

– Note that the position of the relay submodule on the flexible I/O board can vary, depending 

on the version ordered, and that the terminal assignment in the connection compartment of 

the transmitter varies accordingly → see Page 48.

4. Installing the I/O board is the reverse of the removal procedure.

A0001215

Fig. 66: Configuring relay contacts (NC / NO) for the flexible module board

1 Configured as NO contact (factory setting, relay 1)

2 Configured as NC contact (factory setting, relay 2, if installed)

A0001216

Fig. 67: Configuring relay contacts (NC / NO) for the fixed module board

1 Configured as NO contact (factory setting, relay 1)

2 Configured as NC contact (factory setting, relay 2)
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6.6 Data storage device (DAT, F-CHIP)

HistoROM/T-DAT (Transmitter-DAT)

The T-DAT is an exchangeable data storage device in which all transmitter parameters and settings 

are stored.

The operator has to transfer specific parameterisation values from EEPROM to T-DAT and vice versa 

( = manual safety function). See the “Description of Device Functions” manual for details (“T-DAT 

SAVE/LOAD” function, No. 1009).

F-CHIP (Function-Chip)

The F-CHIP is a microprocessor chip that contains additional software packages that extend the 

functionality and application possibilities of the transmitter.

In the case of a later upgrade, the F-CHIP can be ordered as an accessory (see Page 101) and can 

simply be plugged on to the I/O board (see Page 117). After start up, the software is immediately 

made available to the transmitter.

" Caution!

To ensure an unambiguous assignment, the F-CHIP is coded with the transmitter serial number 

once it is plugged in. Thus, it can not be reused with other measuring devices.
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7 Maintenance

The Prosonic Flow 93 flow measuring system requires no special maintenance.

Exterior cleaning

When cleaning the exterior of measuring devices, always use cleaning agents that do not attack the 

surface of the housing and the seals.

Coupling fluid

A coupling fluid is required to ensure the acoustic link between the sensor and the piping. This is 

applied to the sensor surface during commissioning. Periodic replacement of the coupling fluid is 

usually not required.

A0001144

Fig. 68: Application of the coupling fluid

1 Coupling fluid

2 Sensor surface Prosonic Flow W/P

3 Sensor surface Prosonic Flow U

2

3

1
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8 Accessories

Various accessories, which can be ordered separately from Endress+Hauser, are available for the 

transmitter and the sensor. The Endress+Hauser service organisation can provide detailed informa-

tion on the order codes of your choice.

Accessory Description Order Code

Transmitter wall-mount 

housing Prosonic Flow 93

Transmitter for replacement or for stock. Use the order 

code to define the following specifications: 

– Approvals

– Degree of protection / version

– Cable entries

– Display / power supply / operation

– Software

– Outputs / inputs

93XXX−XXXXX ********

Conversion kit

Inputs/outputs

Conversion kit includes the necessary submodules for 

the upgrade of the previous input/output configuration 

to a new variant.

DK9UI-**

Software package for

Prosonic flow 93

Software add-on on F-CHIP, can be ordered individu-

ally:

Advanced diagnostics

DK9SO – *

Mounting set for transmitter Mounting set for wall-mount housing.

Suitable for:

– Wall mounting

– Pipe mounting

– Panel mounting

Mounting set for alum. field housing

– Suitable for pipe mounting (3/4"...3")

DK9WM−A

DK9WM − B

Flowmeter sensor W Clamp-on Sensor:

–20...+80 °C; DN 100...4000; IP 67 / NEMA 4X

–20...+80 °C; DN 50...300; IP 67 / NEMA 4X

–20...+80 °C; DN 100...4000; IP 68 / NEMA 6P

–20...+80 °C; DN 50...300; IP 68 / NEMA 6P

Insertion sensor:

–40...+80 °C; DN 200...4000

DK9WS − A*

DK9WS − B*

DK9WS − M*

DK9WS − N*

DK9WS − K*

Flowmeter sensor P Clamp-on Sensor:

–40...+80 °C; DN 100...4000

–40...+80 °C; DN 50...300

Clamp-on Sensor:

0...+170 °C; DN 100...4000

0...+170 °C; DN 50...300

DK9PS − A*

DK9PS − B*

DK9PS − E*

DK9PS − F*

Flowmeter sensor U Clamp-on-Sensor:

–20...+80 °C; DN 15...100 DK9UF − A

Sensor holder set for 

Prosonic Flow W/P sensors

– Sensor holder, fixed retaining nut, clamp-on 

version

– Sensor holder, removable retaining nut, clamp-on 

version

– Sensor holder, welding type, DN 200...300, Inser-

tion version, single channel

– Sensor holder, welding type, DN 300...400, Inser-

tion version, single channel

– Sensor holder, welding type, DN 400...4000, Inser-

tion version, single channel

– Sensor holder, welding type, DN 400...4000, Inser-

tion version, dual channel 

DK9SH − A

DK9SH − B

DK9SH − C

DK9SH − D

DK9SH − E

DK9SH − F
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Installation set clamp-on

sensor fastening for Prosonic 

Flow W/P

Installation set clamp-on

Installation aids for Prosonic 

Flow W/P

– Without sensor fastening

– Tensioning bands DN 50...200

– Tensioning bands DN 200...600

– Tensioning bands DN 600...2000

– Tensioning bands DN 2000...4000

– Without mounting support tool

– Spacing ruler DN 50...200

– Spacing ruler DN 200...600

– Mounting rail DN 50...200

– Mounting rail DN 200...600

DK9IC − A*

DK9IC − B*

DK9IC − C*

DK9IC − D*

DK9IC − E*

DK9IC − *1

DK9IC − *2

DK9IC − *3

DK9IC − *4

DK9IC − *5

Installation set clamp-on

sensor fastening for Prosonic 

Flow U

– Installation set DN 15...40

– Tensioning bands DN 32...65

– Tensioning bands DN 50...100

DK9IS − A

DK9IS − B

DK9IS − C

Installation set Insertion – Installation set DN 200...1800, Insertion

– Installation set DN 1800...4000, Insertion

DK9II − A
DK9II − B

Sensor cable set for Prosonic 

Flow W/P sensors

– 5 m sensor cable, PVC, –20...+70 °C

– 10 m sensor cable, PVC, –20...+70 °C

– 15 m sensor cable, PVC, –20...+70 °C

– 30 m sensor cable, PVC, –20...+70 °C

– 5 m sensor cable, PTFE, –40...+170 °C

– 10 m sensor cable, PTFE, –40...+170 °C

– 15 m sensor cable, PTFE, –40...+170 °C

– 30 m sensor cable, PTFE, –40...+170 °C

DK9SC − A
DK9SC − B
DK9SC − C
DK9SC − D
DK9SC − E
DK9SC − F
DK9SC − G
DK9SC − H

Sensor cable set for Prosonic 

Flow U sensors

– 5 m sensor cable, PVC, –20...+70 °C

– 10 m sensor cable, PVC, –20...+70 °C

– 15 m sensor cable, PVC, –20...+70 °C

– 30 m sensor cable, PVC, –20...+70 °C

– 5 m sensor cable, PTFE, –40...+170 °C

– 10 m sensor cable, PTFE, –40...+170 °C

– 15 m sensor cable, PTFE, –40...+170 °C

– 30 m sensor cable, PTFE, –40...+170 °C

DK9SK − A

DK9SK − B

DK9SK − C

DK9SK − D

DK9SK − E

DK9SK − F

DK9SK − G

DK9SK − H

Sensor cable conduit adapter 

Prosonic Flow W/P

– Sensor cable conduit adapter incl. sensor cable 

glands M20x1.5

– Sensor cable conduit adapter incl. sensor cable 

glands ½" NPT

– Sensor cable conduit adapter incl. sensor cable 

glands G½"

DK9CA − 1

DK9CA − 2

DK9CA − 3

Acoustic coupling medium – Wacker P –40...+80 °C

– Coupling medium 0...170 °C, standard

– Adhesive coupling medium –40...+80 °C

– Water-soluble coupling medium –20...+80 °C

– SilGel –40...+130 °C

– Coupling medium DDU 19 –20...+60 °C

– Coupling medium –40...+80 °C, standard,

typ MBG2000

DK9CM − 1
DK9CM − 2
DK9CM − 3
DK9CM − 4
DK9CM − 5
DK9CM − 6

DK9CM − 7

Sound velocity measuring 

sensor DDU 18

– Sensor –40...+80°C

– Sensor 0...+170 °C

50091703

50091704

Wall thickness measuring 

sensor DDU 19

Sensor for measuring pipe wall thickness 50091713

HART Communicator 

DXR 375 handheld terminal

Handheld terminal for remote parameterisation and for 

obtaining measured values via the current output HART 

(4...20 mA).

Contact your Endress+Hauser representative for more 

information.

DXR375 −****

Accessory Description Order Code
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Applicator Software for selecting and configuring flow meters.

Applicator can be downloaded from the Internet or 

ordered on CD-ROM for installation on a local PC.

Contact your Endress+Hauser representative for more 

information. 

DKA80 −*

ToF Tool - Fieldtool Package Configuration and service software for flow meters in 

the field:

– Commissioning, maintenance analysis

– Configuring measuring devices

– Service functions

– Visualization of process data

– Trouble-shooting

– Controlling the “Fieldcheck” tester/simulator 

Contact your Endress+Hauser representative for more 

information.

DXS10 *****

Fieldcheck Tester/simulator for testing flowmeters in the field. 

When used in conjunction with the “ToF Tool - Field-

tool Package” software package, test results can be 

imported into a database, printed and used for official 

certification.

Contact your Endress+Hauser representative for more 

information.

DXC10 −**

Accessory Description Order Code
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9 Trouble-shooting

9.1 Trouble-shooting instructions

Always start trouble-shooting with the checklist below, if faults occur after start-up or during oper-

ation. This takes you directly (via various queries) to the cause of the problem and the appropriate 

remedial measures.

Check the display

No display visible and no output 

signals present.

1. Check supply voltage  → terminal 1, 2

2. Check device fuse  → Page 121 

85...260 V AC: 0.8 A slow-blow / 250 V 

20...55 V AC and 16...62 V DC: 2 A slow-blow / 250 V

3. Electronics defective → order spare part → Page 117

No display visible, but output 

signals are present.

1. Check whether the ribbon-cable connector of the display module is correctly 

plugged into the amplifier board → Page 119

2. Display module defective → order spare part → Page 117

3. Electronics defective → order spare part → Page 117

Display texts are in a foreign 

language.

Switch off power supply. Press and hold down both the OS keys and switch on the 

measuring device. The display text will appear in English (default) and is displayed 

at maximum contrast.

Measured value indicated, but 

no signal at the current or pulse 

output

Electronics PCB defective → order spare part → Page 117

▼

Error messages on display

Errors that occur during commissioning or measuring mode are displayed immediately.

Error messages consist of a variety of icons. The meanings of these icons are as follows: 

– Error type: S = system error, P = process error

– Error message type: $ = fault message, ! = notice message

– S.V. RANGE CH1 = type of error (e.g. sound velocity Channel 1 outside measuring range)

– 03:00:05 = duration of error occurrence (in hours / minutes /seconds)

– # 492 = error number

" Caution!

• See the information on Page 59 ff.!

• The measuring system interprets simulations and measured-value suppression as system errors, but displays them as 

information messages only

Error number:

No. 001 – 399

No. 501 – 799

System error (device error) has occurred  → Page 106

Error number:

No. 401 – 499

Process error (application error) has occurred  → Page 113

▼

Other error (without error message)

Some other error has occurred. Diagnosis and remedial measures  → Page 114
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9.2 System error messages

Serious system errors are always recognized by the instrument as “Fault message”, and are shown 

as a lightning flash ($) on the display. Fault messages immediately affect the inputs and outputs. Sim-

ulations and measured-value suppression, on the other hand, are classed and displayed as notice 

messages.

" Caution!

In the event of a serious fault, a flowmeter might have to be returned to the manufacturer for repair. 

The procedures on Page 7 must be carried out before you return a flowmeter to Endress+Hauser. 

Always enclose a fully completed “Declaration of contamination” form. You will find a preprinted 

form at the back of this manual. 

! Note!

The error types listed in the following correspond to the factory settings.

Also observe the information on Page 59 ff. and 115.

Type Error message / No. Cause Remedy / spare part

S = System error

$ = Fault message (with an effect on the outputs)

! = Information message (without an effect on the outputs)

No. # 0xx  → Hardware error

S

$
CRITICAL FAIL.

# 001

Serious device error Replace the amplifier board. Spare parts  
→ Page 117

S

$
AMP HW-EEPROM

# 011

Amplifier:

Defective EEPROM

Replace the amplifier board. Spare parts  
→ Page 117

S

$
AMP SW-EEPROM

# 012

Amplifier:

Error accessing EEPROM data

The EEPROM data blocks in which an 

error has occurred are displayed in the 

“TROUBLESHOOTING” function (No. 

8047). Press Enter to acknowledge the 

errors in question; default values are 

automatically inserted instead of the 

errored parameter values.

! Note!

The measuring device has to be 

restarted if an error has occurred in a 

totalizer block (see error No. 111 / 

CHECKSUM TOTAL.).

S

$
TRANSM. HW-DAT

# 041

Transmitter DAT:

1. T-DAT is defective

2. T-DAT is not plugged into the 

amplifier board or is missing.

1. Replace the T-DAT. 

Spare parts  → Page 117 

Check the spare part set number to 

ensure that the new, replacement 

DAT is compatible with the meas-

uring electronics.

2. Plug T-DAT into amplifier board  
→ Page 119 
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S

$
TRANSM. SW-DAT

# 042

Transmitter:

Error accessing the calibration values 

stored in the T-DAT. 

1. Check whether the T-DAT is cor-

rectly plugged into the amplifier 

board   → Page 119

2. Replace T-DAT if defective. Spare 

parts  → Page 117 Before replac-

ing the DAT , check that the new, 

replacement DAT is compatible 

with the measuring electronics. 

Check the:

– Spare part set number

– Hardware revision code

3. Replace measuring electronics 

boards if necessary. Spare parts  → 
Page 117

S

$
A / C COMPATIB.

# 051

The I/O board and the amplifier board 

are not compatible.

Use only compatible modules and 

boards. Check the compatibility of the 

modules used.

Check the:

– Spare part set number

– Hardware revision code

S

$
HW F-CHIP

# 061

Transmitter F-CHIP:

1. F-CHIP is defective.

2. F-CHIP is not plugged into the 

I/O board or is missing.

1. Replace the F-CHIP.

Accessories  → Page 101

2. Plug the F-CHIP into the I/O 

board   → Page 119

S

$
SENS. DOWN CH1

# 082

Connection between sensor channel 

1/2 and transmitter interrupted

– Check the cable connection 

between the sensor and the trans-

mitter.

– Check that the sensor connector is 

fully screwed in.

– The sensor may be defective.

– Incorrect sensor connected

– The wrong sensor was selected in 

the SENSOR TYPE (No. 6881) 

function.

S

$
SENS. DOWN CH2

# 083

S

$
SENSOR UP CH1

# 085

Connection between sensor channel 

1/2 and transmitter 

interrupted

– Check the cable connection 

between the sensor and the trans-

mitter.

– Check that the sensor connector is 

fully screwed in.

– The sensor may be defective.

– Incorrect sensor connected

– The wrong sensor was selected in 

the SENSOR TYPE (No. 6881) 

function.

S

$
SENSOR UP CH2

# 086

No. # 1xx→  Software error

S

$
CHECKSUM TOT.

# 111

Totalizer checksum error 1. Restart the measuring device

2. Replace the amplifier board if nec-

essary. Spare parts  → Page 117

Type Error message / No. Cause Remedy / spare part

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 271 of 314



9 Trouble-shooting Proline Prosonic Flow 93

108 Endress+Hauser

S

!

A / C COMPATIB.

# 121

Due to different software versions, 

I/O board and amplifier board are 

only partially compatible (possibly 

restricted functionality).

! Note!

– The indication on the display as 

notice message appears only for 30 

seconds (with listing in “Previous 

system condition” function).

– This condition can occur if only one 

electronics board has been 

exchanged; the extended software 

functionality is not available. The 

previously existing software func-

tionality is still working and the 

measurement possible.

Module with lower software version 

has either to be actualizied by ToF Tool 

- Fieldtool Package with the required 

software version or the module has to 

be replaced.

Spare parts  → Page 117

No. # 2xx  → Error in DAT / no data reception

S

!

LOAD T-DAT

# 205

DAT transmitter:

Data backup (download) to 

T-DAT failed or error when accessing 

the values stored in the T-DAT 

(upload).

1. Check whether the T-DAT is cor-

rectly plugged into the amplifier 

board   → Page 119

2. Replace T-DAT if defective. Spare 

parts  → Page 117 Before replac-

ing the DAT , check that the new, 

replacement DAT is compatible 

with the measuring electronics. 

Check the:

– Spare part set number

– Hardware revision code

3. Replace measuring electronics 

boards if necessary. Spare parts  → 
Page 117

S

!

SAVE T-DAT

# 206

S

$
COMMUNIC. I/O

# 261

No data reception between amplifier 

and I/O board or faulty internal data 

transfer.

Check the BUS contacts

No. # 3xx  → System range limited exceeded

S

!

STACK CUR.OUT n

# 339…342

The temporarily buffered flow por-

tions (measuring mode for pulsating 

flow) could not be cleared or output 

within 60 seconds.

1. Change the upper or lower limit 

setting, as applicable.

2. Increase or reduce flow, as applica-

ble.

Recommendations in the event of fault 

category = FAULT MESSAGE ($):
– Configure the fault response of the 

output to “ACTUAL VALUE” 

(see Page 115), so that the tempo-

rary buffer can be cleared.

– Clear the temporary buffer by the 

measures described under Item 1.

S

!

STACK FRQ.OUT n

# 343…346

Type Error message / No. Cause Remedy / spare part
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S

!

STACK PULSE n

# 347…350

The temporarily buffered flow por-

tions (measuring mode for pulsating 

flow) could not be cleared or output 

within 60 seconds.

1. Increase the setting for pulse 

weighting

2. Increase the max. pulse frequency, 

if the totalizer can handle a higher 

number of pulses.

3. Increase or reduce flow

Recommendations in the event of fault 

category = FAULT MESSAGE ($):
– Configure the fault response of the 

output to “ACTUAL VALUE” 

(see Page 115), so that the tempo-

rary buffer can be cleared.

– Clear the temporary buffer by the 

measures described under item 1.

S

!

RANGE CUR.OUT n

# 351...354

Current output: 

Flow is out of range.

– Change the upper or lower range 

values, as applicable.

– Increase or reduce flow, as applica-

ble. 

S

!

RANGE FRQ.OUT n 

# 355...358

Frequency output: 

Flow is out of range.

– Change the upper or lower range 

values, as applicable.

– Increase or reduce flow, as applica-

ble. 

S

!

RANGE PULSE n

# 359…362

Pulse output:

Pulse output frequency is out of range.

1. Increase the setting for pulse 

weighting

2. When selecting the pulse width, 

choose a value that can still be 

processed by a connected counter 

(e.g. mechanical counter, PLC 

etc.).

Determine the pulse width:

– Variant 1: Enter the minimum 

duration that a pulse must be 

present at the connected coun-

ter to ensure its registration.

– Variant 2: Enter the maximum 

(pulse) frequency as the half 

“reciprocal value” that a pulse 

must be present at the con-

nected counter to ensure its reg-

istration.

Example:

The maximum input frequency of 

the connected counter is 10 Hz. 

The pulse width to be entered is:

3. Reduce flow.

Type Error message / No. Cause Remedy / spare part

1

2 10 Hz⋅
---------------------- 50 ms=
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S

$
SIGNAL LOW CH1

# 392

Attenuation of acoustic measurement 

section too high.

– Check to see if the coupling fluid 

must be renewed.

– It is possible that the fluid indicates 

too much attenuation.

– It is possible that the pipe indicates 

too much attenuation.

– Check the sensor spacing (Installa-

tion dimensions).

– Reduce the number of traverses if 

possible.

S

$
SIGNAL LOW CH2

# 393

No. # 5xx  → Application error

S

!

SW.-UPDATE ACT.

# 501

New amplifier or communication (I/O 

module) software version is loaded. 

Currently no other functions are pos-

sible.

Wait until the procedure is finished. 

The device will restart automatically.

S

!

UP-/DOWNLOAD ACT

# 502

Up- or downloading the device data 

via configuration program. Currently 

no other functions are possible.

Wait until the procedure is finished.

S

$
INIT. RUN CH1

# 592

Channel 1/2 initialization running.

All outputs set to 0.

Wait until the procedure is completed.

S

$
INIT. RUN CH2

# 593

No. # 6xx  → Simulation operation active

S

!

POS.0-RET.CH1

# 602

Positiv zero return 

channel CH1 / CH2 / CH1&2 active.

" Caution!

This is the highest priority notice mes-

sage.

Switch off positive zero return 

S

!

POS.0-RET.CH2

# 603

S

!

POS.0-RT.CH1&2

# 604

S

!

SIM. CURR. OUT. n

# 611...614

Simulation current output active Switch off simulation

S

!

SIM. FREQ. OUT. n

# 621...624

Simulation frequency output active Switch off simulation

S

!

SIM. PULSE n

# 631...634

Simulation pulse output active Switch off simulation

S

!

SIM. STAT. OUT n

# 641...644

Simulation status output active Switch off simulation

S

!

SIM. REL.OUT n

# 651...654

Simulation relay output active Switch off simulation

S

!

SIM.STATUS IN n

# 671...674

Simulation status input active Switch off simulation

S

!

SIM. FAILSAFE

# 691

Simulation of response to error 

(outputs) active

Switch off simulation

S

!

SIM.MEASUR.CH1

# 694

Channel 1/2: 

Volume flow simulation active

Switch off simulation

S

!

SIM.MEASUR.CH2

# 695

Type Error message / No. Cause Remedy / spare part
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S

!

SIM.FEHLER.K1

# 696

Simulation of response to error of 

channel 1/2 (outputs) active

Switch off simulation

S

!

SIM.FEHLER.K2

# 697

S

!

DEV. TEST ACT.

# 698

The measuring device is being 

checked on site via the test and simu-

lation device.

–

No. # 7xx  → Calibration or action errors

S

!

0-ADJ.FAIL CH1

# 743

The static zero point calibration of 

Channel 1/2 is not possible or was 

interrupted.

Check that the flow velocity is = 

0 m/s.

S

!

0-ADJ.FAIL CH2

# 744

No. # 8xx  → Other error messages with software options (Ultrasonic flowmeter)

S

!

D VOL. FLOW CH1

# 810

Advanced Diagnostics:

The volume flow is outside the limit 

value, set in the corresponding diag-

nosis function.

–

S

!

D VOL. FLOW CH2

# 820

S

!

D FLOW VEL.CH1

# 811

Advanced Diagnostics:

The flow velocity is outside the limit 

value, set in the corresponding diag-

nosis function.

–

S

!

D FLOW VEL.CH2

# 821

S

!

D SIGNAL CH1

# 812

Advanced Diagnostics:

The signal strength is outside the limit 

value, set in the corresponding diag-

nosis function.

–

S

!

D SIGNAL CH2

# 822

S

!

D SOUND V. CH1

# 813

Advanced Diagnostics:

The sound velocity is outside the limit 

value, set in the corresponding diag-

nosis function.

–

S

!

D SOUND V. CH2

# 823

S

!

D T. TIME CH1

# 814

Advanced Diagnostics:

The actual transit time is outside the 

limit value, set in the corresponding 

diagnosis function.

–

S

!

D T. TIME CH2

# 824

S

!

D ACC.RATE CH1

# 815

Advanced Diagnostics:

The acceptance rate is outside the 

limit value, set in the corresponding 

diagnosis function.

–

S

!

D ACC.RATE CH2

# 825

S

!

D VOL.FL AVG

# 830

Advanced Diagnostics:

The average volume flow is outside 

the limit value, set in the correspond-

ing diagnosis function.

–

S

!

D FLOW VEL.AVG

# 831

Advanced Diagnostics:

The average flow velocity is outside 

the limit value, set in the correspond-

ing diagnosis function.

–

Type Error message / No. Cause Remedy / spare part

SP351 TANTIVY ST TIVOLI SPS - S062 Tantivy Sewerage Flow Meter - OM Manual

Q-Pulse Id TMS1375 Active 04/08/2015 Page 275 of 314



9 Trouble-shooting Proline Prosonic Flow 93

112 Endress+Hauser

S

!

D SOUND V. AVG

# 833

Advanced Diagnostics: The average 

sound velocity is outside the limit 

value, set in the corresponding diag-

nosis function.

–

Type Error message / No. Cause Remedy / spare part
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9.3 Process error messages

Process errors can be defined as either “Fault” or “Notice” messages and can thereby be weighted 

differently. Determination of this is done via the function matrix 

(→ see the “Description of Device Functions” manual). 

! Note!

The error types listed in the following correspond to the factory settings.

Also observe the information on Page 59 ff. and 115.

Type Error message / No. Cause Remedy

P = Process error

$ = Fault message (with an effect on the inputs and outputs)

! = Notice message (without an effect on the inputs and outputs)

P

$
PIPE DATA? CH1

# 469

The inner diameter is negative. In the function group PIPE DATA 

(652) check the values of the func-

tions CIRCUMFERENCE (6525) and 

WALL THICKNESS (6527) resp. 

LINER THICKNESS (6530).

P

$
PIPE DATA? CH2

# 470

P

$
S.V. RANGE CH1

# 492

The sound velocity channel 1/2 is 

outside the search range of the trans-

mitter.

– Check the installation dimensions.

– If possible, check the sound veloc-

ity of the fluid, or check the special-

ist literature. 

If the actual sound velocity is out-

side the defined search range, the 

corresponding parameters must be 

changed in the LIQUID DATA 

function group. Detailed informa-

tion on this topic is provided in the 

Description of Device Functions 

Prosonic Flow 93 (BA 

071D/06/en) manual under the  

SOUND VELOCITY LIQUID 

(6542) function.

P

$
S.V. RANGE CH2

# 493

P

!

INTERF. CH1

# 495

The pipe transmitted wave may super-

pose the signal. We recommend you 

alter the sensor configuration in the 

event of this error message..

" Caution!

A change of the sensor configuration is 

required if the measuring device indi-

cates zero or low flow.

In the SENSOR CONFIGURATION 

(6882) function, change the number 

of traverses from 2 or 4 to 1 or 3 and 

mount the sensors accordingly.P

!

INTERF. CH2

# 496
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9.4 Process errors without messages

Symptoms Remedial measures

Note: 

You may have to change or correct certain settings in functions in the matrix in order to rectify faults. The functions out-

lined below, such as DISPLAY DAMPING, for example, are described in detail in the “Description of Device Functions” 

manual.

Flow values are negative, even 

though the fluid is flowing 

forwards through the pipe.

1. Check wiring  → Page 45. 

If necessary, reverse the connections at terminals “up” and “down”.

2. Change the setting in the “INSTALLATION DIRECTION, SENSOR” function 

accordingly

Measured value reading fluctu-

ates even though flow is steady.

1. Check the fluid for presence of gas bubbles.

2. “TIME CONSTANT” function (current output) → Increase value

3. “DISPLAY DAMPING” function → Increase value

Measured value reading or 

measured value output pulsates 

or fluctuates, e.g. because of 

reciprocating pump, peristaltic 

pump, diaphragm pump or 

pump with similar delivery char-

acteristic.

Run the “Pulsating Flow” Quick Setup → Page 81 ff.

If the problem persists despite these measures, a pulsation damper will have to be 

installed between pump and the flowmeter. 

There are differences between 

the flowmeter's internal totalizer 

and the external metering 

device.

This symptom is due primarily to backflow in the piping, because the pulse output 

cannot subtract in the “STANDARD or SYMMETRY” measuring modes.

The following solution is possible: 

Allow for flow in both directions. Set the “MEASURING MODE” function to

“Pulsating Flow” for the pulse output in question.

Measured value reading shown 

on display, even though the fluid 

is at a standstill and the measur-

ing tube is full.

1. Check the fluid for presence of gas bubbles.

2. Activate the “LOW FLOW” function, i.e. enter or increase the value for the 

switching point.

The current output signal is 

always 4 mA, irrespective of the 

flow signal at any given time.

1. Select the “BUS ADDRESS” function and change the setting to “0”.

2. Low flow cut off too high. Reduce the corresponding value in the “LOW FLOW 

CUTOFF” functions (ON-/OFF-VALUE).

The fault cannot be rectified or 

some other fault not described 

above has occurred. 

In these instances, please contact 

your Endress+Hauser service 

organisation.

The following options are available for tackling problems of this nature:

Request the services of an Endress+Hauser service technician

If you contact our service organisation to have a service technician sent out, 

please be ready with the following information: 

– Brief description of the fault

– Nameplate specifications (Page 9 ff.): Ordering code and serial number 

Returning devices to Endress+Hauser

The procedures on Page 7 must be carried out before you return a flowmeter 

requiring repair or calibration to Endress+Hauser.

In all cases, enclose a duly completed “Declaration of contamination” form with the 

flowmeter. You will find a preprinted form at the end of these Operating Instruc-

tions.

Replace transmitter electronics

Components in the measuring electronics defective  → Order spare part → 
Page 117 
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9.5 Response of outputs to errors

! Note!

The failsafe mode of totalizers, current, pulse and frequency outputs can be customized by means 

of various functions in the function matrix. You will find detailed information on these procedures 

in the “Description of Device Functions” manual.

Positive zero return and failsafe mode:

You can use positive zero return to set the signals of the current, pulse and frequency outputs to 

their fallback value, for example when measuring has to be interrupted while a pipe is being 

cleaned. This function takes priority over all other device functions. Simulations, for example, are 

suppressed.

Failsafe mode of outputs and totalizers

Process/system error is present Positive zero return is activated

" Caution!

System or process errors defined as “Notice messages” have no effect whatsoever on the inputs and outputs. 

See the information on Page 59 ff.

Current output MINIMUM CURRENT

The current output will be set to the lower value of 

the signal on alarm level depending on the setting 

selected in the CURRENT SPAN (see the “Descrip-

tion of Device Functions” manual).

MAXIMUM CURRENT

The current output will be set to the higher value of 

the signal on alarm level depending on the setting 

selected in the CURRENT SPAN (see the “Descrip-

tion of Device Functions” manual).

HOLD VALUE

Measured value display on the basis of the last saved 

value preceding occurrence of the fault.

ACTUAL VALUE

Measured value display on the basis of the current 

flow measurement. The fault is ignored.

Output signal corresponds to “zero 

flow” 

Pulse output FALLBACK VALUE

Signal output → no pulses

HOLD VALUE

Last valid value (preceding occurrence of the fault) is 

output.

ACTUAL VALUE

Fault is ignored, i.e. standard measured value output 

on the basis of ongoing flow measurement. 

Output signal corresponds to “zero 

flow” 
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Frequency output FALLBACK VALUE

Signal output → 0 Hz

FAILSAFE LEVEL

Output of the frequency specified in the FAILSAFE 

VALUE function (No. 4211).

HOLD VALUE

Last valid value (preceding occurrence of the fault)

is output.

ACTUAL VALUE

Fault is ignored, i.e. standard measured value output 

on the basis of ongoing flow measurement.

Output signal corresponds to “zero 

flow” 

Totalizer STOP

The totalizers are paused until the error is rectified.

ACTUAL VALUE

The fault is ignored. The totalizers continue to count 

in accordance with the current flow value. 

HOLD VALUE

The totalizers continue to count the flow in accord-

ance with the last valid flow value (before the error 

occurred).

Totalizer stops

Relay output In the case of faults or failure in the power supply: 

Relay  → voltage-free 

In the “Description of device functions” manual you 

can find detailed information concerning the switch-

ing behaviour of the relay in different configurations 

such as fault signal, flow direction, limit value, etc.

No effect on relay output

Failsafe mode of outputs and totalizers

Process/system error is present Positive zero return is activated
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9.6 Spare parts

Chap. 9.1 contains a detailed trouble-shooting guide. The measuring device, more over, provides 

additional support in the form of continuous self-diagnosis and error messages.Trouble-shooting can 

entail replacing defective components with tested spare parts. The illustration below shows the 

available scope of spare parts.

! Note!

You can order spare parts directly from your Endress+Hauser service organisation by providing the 

serial number printed on the nameplates (see Page 9).

Spare parts are shipped as sets comprising the following parts:

• Spare part

• Additional parts, small items (threaded fasteners, etc.)

• Mounting instructions

• Packaging

A0001217

Fig. 69: Spare parts for Prosonic Flow 93 transmitter (wall-mount housing)

1 Power unit board (85...260 V AC, 20...55 V AC, 16...62 V DC)

2 Amplifier board

3 I/O board (flexible assignement)

4 Pluggable input/output submodules (ordering structure → Page 101)

5 I/O board (permanent assignement)

6 T-DAT (transmitter data memory)

7 F-CHIP (function chip for optional software)

8 Display module

1

2

3

5

4

8

6

7

7
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9.7 Removing and installing printed circuit boards

# Warning!

• Risk of electric shock. Exposed components carry dangerous voltages. Make sure that the power 

supply is switched off before you remove the cover of the electronics compartment.

• Risk of damaging electronic components (ESD protection). Static electricity can damage electronic 

components or impair their operability. Use a workplace with a grounded working surface, 

purpose-built for electrostatically sensitive devices!

• If you cannot guarantee that the dielectric strength of the device is maintained in the following 

steps, then an appropriate inspection must be carried out in accordance with the manufacturer’s 

specifications.

Procedure (Fig. 70)

1. Remove the screws and open the hinged cover (1) of the housing. 

2. Remove the screws securing the electronics module (2). Then push up electronics module and 

pull it as far as possible out of the wall-mount housing. 

3. Disconnect the following cable plugs from amplifier board (7): 

– Unplug sensor signal cable (7.1)

– Unplug ribbon cable (3) of the display module

4. Remove the cover (4) from the electronics compartment by loosening the screws.

5. Removal of boards (6, 7, 8, 9): 

Insert a thin pin into the opening (5) and pull the board out of the holder. 

6. Removal of submodules (8.1): 

No tools are required for removing the submodules (inputs/outputs) from the I/O board. 

Installation is also a no-tools operation.

" Caution!

Only certain combinations of submodules on the I/O board are permissible (see Page 48). 

The individual slots are marked and correspond to certain terminals in the connection 

compartment of the transmitter:

“INPUT / OUTPUT 2" slot = terminals 24 / 25

“INPUT / OUTPUT 3" slot = terminals 22 / 23

“INPUT / OUTPUT 4" slot = terminals 20 / 21

7. Installation is the reverse of the removal procedure.

" Caution!

Use only original Endress+Hauser replacement parts.
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A0001218

Fig. 70: Wall-mount housing: removing and installing printed circuits boards

1 Housing cover

2 Electronics module

3 Ribbon cable (display module)

4 Screws of electronics compartment cover

5 Aperture for installing/removing boards

6 Power unit board

7 Amplifier board

7.1 Sensor signal cable

7.2 T-DAT (transmitter data memory)

8 I/O board (flexible assignement)

8.1 Pluggable submodules (status input; current, frequency and relay output)

8.2 F-CHIP (function chip for optional software)

9 I/O board (permanent assignment)

6

7

8

3

3 4

1

2

IN
PUT/O

UTPUT
2

IN
PUT/O

UTPUT
3

IN
PUT/O

UTPUT
4 8.1

5

7.2

7.1

9

5

5

5

8.2

8.2
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9.8 Installation/removal of flowmeter sensors W

“Insertion”

The active part of the flowmeter sensor W “Insertion” can be replaced without interrupting the 

process.

1. Pull the sensor connector (1) out of the sensor cover (3).

2. Remove the small retainer ring (2). This is located on the top of the sensor neck and keeps the 

sensor cover in place.

3. Remove the sensor cover (3) and spring (4).

4. Remove the large retainer ring (5). This keeps the sensor neck (6) in place.

5. The sensor neck can now be pulled out. Note that you must reckon with a certain amount of 

resistance.

6. Pull the sensor element (7) out of the sensor holder (8) and replace it with a new one.

7. Installation is the reverse of the removal procedure.

A0001147

Fig. 71: Installation/removal of flowmeter sensor W “Insertion”

1 Sensor connector

2 Small retainer ring

3 Sensor cover

4 Spring

5 Large retainer ring

6 Sensor neck

7 Sensor element

8 Sensor holder

1 2 3 4 5 6 7 8
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9.9 Replacing the device fuse

# Warning!

Risk of electric shock. Exposed components carry dangerous voltages. Make sure that the power 

supply is switched off before you remove the cover of the electronics compartment.

The main fuse is located on the power unit board (Fig. 72). 

The procedure for replacing the fuse is as follows:

1. Switch off power supply.

2. Remove power unit board → Page 118

3. Remove protective cap (1) and replace the device fuse (2).

Use only fuses of the following type:

– Power supply 20...55 V AC / 16...62 V DC → 2.0 A slow-blow / 250 V; 5.2 x 20 mm

– Power supply 85...260 V AC → 0.8 A slow-blow / 250 V; 5.2 x 20 mm

– Ex-system → see appropriate Ex documentation

4. Assembly is the reverse of the disassembly procedure.

" Caution!

Use only original Endress+Hauser replacement parts.

A0001148

Fig. 72: Replacing the device fuse on the power unit board

1 Protective cap

2 Device fuse

1

2
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9.10 Software history

! Note!

Usually, an upload or download between the different software versions is only possible with a 

special service software.

Date Software version Changes to software Operating

Instructions

11.2004 2.00.XX Software expansion:

– Prosonic Flow P sensor

– Language group

(contains the language Chinese and English)

New functionalities:

– DEVICE SOFTWARE → Device software 

displayed (NAMUR-recommendation 53)

– REMOVE SW OPTION → Remove F-CHIP 

options

– Output function

2 x current + 2 x pulse

2 x current + 2 x relay

50099983/11.04

10.2003 Amplifier:

1.06.XX

Communication module:

1.03.XX

Software expansion:

– Language groups

– Flow direction pulse output selectable

New functionalities:

– Operation hours counter

– Adjustable backlight

– Simulation function for pulse output

– Access code counter

– Reset function fault history

– Up-/download with Fieldtool in preparation

– Advanced diagnostics: acquisiton start via

status input

– Channel specific error handling

50099983/10.03

12.2002 Amplifier:

1.05.00

Software expansion:

– Prosonic Flow P sensor

– Prosonic Flow C inline

50099983/12.02

07.2002 Amplifier:

1.04.00

Communication module:

1.02.01

Software expansion:

– “Advanced Diagnostics” software function

– Device functions: New definition of search 

range “sound velocity liquid” 

– New error messages:

PIPE DATA

INTERFERENCE

– Minimum sensor dicstance 180 mm for P and 

W sensor

– Function CURRENT SPAN:

additional options

50099983/07.02

06.2001 Amplifier:

1.00.00

Communication module:

1.02.00

Original software.

Compatible with:

– Fieldtool 

– HART communicator DXR 275 

(OS 4.6 and higher) with rev. 1, DD 1.

50099983/06.01
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10 Technical data

10.1 Technical data at a glance

10.1.1 Application

• Measuring the flow rate of fluids in closed piping systems.

• Applications in measuring, control and regulation technology for monitoring processes.

10.1.2 Function and system design

Measuring principle Prosonic Flow operates on the principle of transit time difference.

Measuring system The measuring system consists of a transmitter and sensors.

Two versions are available:

• Version for installation in the safe zone and for explosion hazardous Zone 2

• Version for installation in explosion hazardous Zone 1 (see separate additional explosion 

hazardous documentation)

Transmitter:

• Prosonic Flow 93

Measuring sensors:

• Prosonic Flow P clamp-on version (for chemical and process applications) 

for nominal diameters DN 50...4000

• Prosonic Flow W clamp-on version (water/wastewater applications) 

for nominal diameters DN 50...4000

• Prosonic Flow U clamp-on version (water/ultrapure water applications)

for nominal diameters DN 15...100

dedicated for plastic pipes

• Prosonic Flow W Insertion version (water/wastewater applications) 

for nominal diameters DN 200...4000

• Prosonic Flow DDU 18 sound velocity measuring sensors 

for nominal diameters DN 50...3000

• Prosonic Flow DDU 19 wall thickness measuring sensor 

for wall thicknesses of 2...50 mm for steel pipes and 

for wall thicknesses of 4...15 mm for plastic pipes (for limited service at PTFE or PE pipes)

10.1.3 Input

Measured variable Flow velocity 

(transit time difference proportional to flow velocity)

Measuring range Typically v = 0...15 m/s with the specified measuring accuracy for Prosonic Flow W/P

Typically v = 0...10 m/s with the specified measuring accuracy for Prosonic Flow U

Operable flow range Over 150 : 1

Input signals Status input (auxiliary input):

U = 3...30 V DC, Ri = 5 kΩ, galvanically isolated. 

Configurable for: 

totalizer reset, measured value suppression, error message reset.
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10.1.4 Output

Output signal Current output:

Active/passive selectable, galvanically isolated, time constant selectable (0.05...100 s), 

full scale value selectable, temperature coefficient: typically 0.005% o.r./°C; 

resolution: 0.5 µmA 

• active: 0/4...20 mA, RL <700 Ω (for HART: RL ≥ 250 Ω )

• passiv: 4...20 mA, operating voltage 18...30 V DC, RL < 700 Ω

Pulse/frequency output:

active/passive selectable, galvanically isolated

• active: 24 V DC, 25 mA (max. 250 mA/20 ms), RL > 100 Ω 

• passive: open collector, 30 V DC, 250 mA

• Frequency output: full scale frequency 2...10000 Hz (fmax = 12500 Hz), on/off ratio 1:1, 

pulse width max. 10 s

• Pulse output: pulse weighting and pulse polarity selectable, pulse width adjustable 

(0.05...2000 ms), above a frequency of 1 / (2x pulse width) the on/off ratio is 1:1.

Signal on alarm • Current output →  failsafe mode selectable (e.g. in accordance with NAMUR Recommendation 

NE 43)

• Pulse/frequency output →  failsafe mode selectable

• Relay output →  “de-energized” during fault or power supply failure

Detailed data  → Page 115

Load see “Output signal”

Switching output Relay output (relay 1, relay 2):

Normally closed (NC or break) or normally open (NO or make) contacts available 

(factory setting: relay 1 = NO, relay 2 = NC), max. 30 V / 0.5 A AC; 60 V / 0.1 A DC, galvanically 

isolated. Configurable for: error messages, flow direction, limit values.

Low flow cutoff Switch points for low flow cutoff are selectable

Galvanic isolation All circuits for inputs, outputs, and power supply are galvanically isolated from each other.
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10.1.5 Power supply

Electrical connections see Page 45 ff.

Potential equalisation see Page 50 ff.

Cable entries Power supply and signal cables (inputs/outputs):

• Cable entry M20 x 1.5 or

• Cable gland for cables with Ø 6...12 mm

• Threaded adapter 1/2" NPT, G 1/2"

Sensor cable connection (see Fig. 5 on Page 46):

A special cable gland allows you to insert both sensor cables (per channel) into the connection 

compartment simultaneously.

• Cable gland M20 x 1.5 for 2 x Ø 4 mm or

• Threaded adapter 1/2" NPT, G 1/2"

Cable specifications see Page 46

Supply voltage Transmitter:

• 85...260 V AC, 45...65 Hz

• 20...55 V AC, 45...65 Hz

• 16...62 V DC

Measuring sensors:

powered by the transmitter

Power consumption AC: < 18 VA (incl. sensors)

DC: < 10 W (incl. sensors)

Switch-on current:

• max. 13.5 A (< 50 ms) at 24 V DC

• max. 3 A (< 5 ms) at 260 V AC

Power supply failure Lasting min. 1 power cycle:

• EEPROM saves measuring system data if power supply fails.

• T-DAT saves the configuration/setting values of the transmitter. 

If necessary, the T-DAT data can be loaded into the EEPROM (manual save function).
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10.1.6 Performance characteristics

Reference operating 

conditions

• Fluid temperature: +28 °C ± 2 K

• Ambient temperature: +22 °C ± 2 K

• Warm-up period: 30 minutes

Installation:

• Inlet run >10 x DN

• Outlet run > 5 x DN

• Sensor and transmitter grounded.

Maximum measured error For flow velocities of > 0.3 m/s and a Reynolds number of >10000, the system accuracy is:

• Pipe diameter DN < 50: ± 0.5% o.r. ± 0.1% o.f.s. *

• Pipe diameter 50 < DN < 200: ± 0.5% o.r. ± 0.05% o.f.s.

• Pipe diameter > DN 200: ± 0.5% o.r. ± 0.02% o.f.s.

o.r. = of reading

o.f.s. = of full scale value

* plastic pipes only

As standard, the system is dry-calibrated. The dry calibration procedure results in an additional 

uncertainty of measurement. This measuring uncertainty is better than 1.5% typically. During dry 

calibration, the characteristics of the pipe and the fluid are derived to calculate the calibration factor.

As verification of the accuracy, an accuracy report is offered as an option. Accuracy is verified using 

a stainless steel pipe.

A0001149

Fig. 73: Max. measured error (wet calibration) in % of reading

a = pipe diameter > DN 200 

b = pipe diameter 50 < DN < 200

c = pipe diameter DN < 50

Repeatability max. ± 0.3% for flow velocities > 0.3 m/s
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10.1.7 Operating conditions 

Installation

Installation instructions Any orientation (vertical, horizontal)

Restrictions and additional installation instructions  →  Page 14 ff.

Inlet and outlet runs Clamp-on version: see Page 15

Insertion version: see Page 16

Connecting cable length Shielded cables are offered in the following lengths:

5 m, 10 m, 15 m and 30 m

Route the cable well clear of electrical machines and switching elements. 

Environment

Ambient temperature • Transmitter Prosonic Flow 93:

–20...+60°C

optionally: –40...+60°C

! Note!

At ambient temperatures below –20°C the readability of the display may be impaired.

• Flowrate measuring sensors Prosonic Flow P (clamp-on):

–40...+80 °C / 0...+170 °C

• Flowrate measuring sensors Prosonic Flow W (clamp-on)

–20...+80 °C

• Flowrate measuring sensors Prosonic Flow U (clamp-on):

–20...+60 °C

• Flowrate measuring sensors Prosonic Flow W (Insertion)

–40...+80 °C

• Sound velocity measuring sensors DDU 18:

–40...+80 °C / 0...+170 °C

• Wall thickness measuring sensor DDU 19:

0...+60 °C

• Sensor cable PTFE: –40...+170 °C; 

Sensor cable PVC: –20...+70 °C

• In heated piping or piping conveying cold fluids, it is always permissible to insulate the piping 

completely with the mounted ultrasonic sensors.

• Install the transmitter at a shady location. Avoid direct sunlight, particularly in warm climatic 

regions.

Storage temperature The storage temperature corresponds to the operating temperature range of the measuring transmit-

ter and the appropriate measuring sensors and the corresponding sensor cable (see above).
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Degree of passembly framero-

tection

• Transmitter Prosonic Flow 93:

IP 67 (NEMA 4X)

• Flowrate measuring sensors Prosonic Flow P (clamp-on):

IP 68 (NEMA 6P)

• Flowrate measuring sensors Prosonic Flow W (clamp-on)

IP 67 (NEMA 4X)

• Flowrate measuring sensors Prosonic Flow U (clamp-on):

IP 54

• Flowrate measuring Prosonic Flow W (Insertion):

IP 68 (NEMA 6P)

• Sound velocity measuring sensors DDU 18:

IP 68 (NEMA 6P)

• Wall thickness measuring sensor DDU 19:

IP 67 (NEMA 4X)

Shock and vibration 

resistance

according to IEC 68-2-6

Electromagnetic

compatibility (EMC)

EN 61326/A1 (IEC 1326): “Emission to class A requirements”.

Electromagnetic compatibility (EMC requirements) and NAMUR recommendations NE 21/43

Process conditions 

Medium temperature range • Flowrate measuring sensors Prosonic Flow P (clamp-on):

–40...+80 °C / 0...+170 °C

• Flowrate measuring sensors Prosonic Flow W (clamp-on)

–20...+80 °C

• Flowrate measuring sensors Prosonic Flow U (clamp-on): 

–20...+60 °C

• Flowrate measuring sensors Prosonic Flow W (Insertion):

–40...+80 °C

• Sound velocity measuring sensors DDU 18:

–40...+80 °C / 0...+170 °C

• Wall thickness measuring sensor DDU 19:

0...+60 °C

Medium pressure range (nom-

inal pressure)

• Perfect measurement requires that the static fluid pressure is higher than vapor 

pressure.

• Max. nominal pressure Prosonic Flow W (insertion): PN 16 (232 psi).

Pressure loss There is no pressure loss.
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10.1.8 Mechanical construction 

Design / dimensions see Page 132 ff.

Weight Transmitter housing:

• Wall-mount housing: 6.0 kg

Measuring sensors:

• Flowrate measuring sensors P (clamp-on) incl. mounting rail and tensioning band: 2.8 kg

• Flowrate measuring sensors W (clamp-on) incl. mounting rail and tensioning bands: 2.8 kg

• Flowrate measuring sensors U (clamp-on): 1 kg

• Flowrate measuring sensors W (Insertion / single path version): 4.5 kg

• Flowrate measuring sensors W (Insertion / dual path version): 12.0 kg

• Sound velocity measuring sensors DDU 18 incl. tensioning bands: 2.4 kg

• Wall thickness measuring sensor DDU 19 incl. tensioning band: 1.5 kg

Materials Transmitter housing 93 (wall-mount housing):

• powder-coated die-cast aluminum

Standard designations of the materials (measuring sensors P / W / U / DDU 18 / DDU 19):

 DIN 17660 UNS

Standard sensor cable

– Cable connector (nickled brass)

– Cable sheath

2.0401

PVC

C38500

PVC

 DIN 17440  AISI 

Sensor housing W / P / DDU 18 / DDU 19 1.4301 304

Sensor holder W / P (clamp-on) 1.4308 CF-8

Sensor housing U (clamp-on) Plastic

Frame end-piece for U sensor

– Cast steel 1.4308 CF-8

Welding parts for W sensors

(Insertion version)

1.4301 304

Sensor contact surface Chemical resistant plastic

Tensioning bands 1.4301 304

High temperature sensor cable

– Cable connector (stainless steel)

– Cable sheath

1.4301

PTFE

304

PTFE

DIN EN 573-3 ASTM B3221

U sensor fixation bar

– Cast aluminum EN AW-6063 AA 6063
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10.1.9 Human interface 

Display elements • Liquid crystal display: illuminated, four lines with 16 characters per line

• Custom configurations for presenting different measured value and status variables

• 3 totalizers

Operating elements • Local operation with Touch Control (–, +, E)

• Application-specific Quick Setups for quick and easy commissioning

Remote operation Operation via HART protocol

Language group Language groups available for operation in different countries:

• Western Europe and America (WEA):

English, German, Spanish, Italian, French, Dutch and Portuguese

• Eastern Europe and Scandinavia (EES):

English, Russian, Polish, Norwegian, Finnish, Swedish and Czech

• South and east Asia (SEA):

English, Japanese, Indonesian

• China (CIN):

English, Chinese

You can change the language group via the operating program “ToF Tool - Fieldtool Package.”

10.1.10 Certificates and approvals 

Ex approvals • The transmitter housing (wall-mount housing) is suitable for use in ATEX II3G 

(hazardous Zone 2).

• The transmitter housing (field housing) is intended for use in ATEX II2G (Ex Zone 1). The sensor 

current circuits are intrinsically safe (EEx ib IIC). The transmitter housing has “explosion proof” 

degree of protection (EEx d/de). Please also consult the separate documentation.

• Information about currently available Ex versions (ATEX, FM, CSA, etc.) can be supplied by your 

Endress+Hauser Sales Centre on request. All explosion protection data are given in a separate 

documentation which is available upon request.

CE mark The measuring system is in conformity with the statutory requirements of the EC 

Directives. 

Endress+Hauser confirms successful testing of the device by affixing to it the CE mark.

Other standards and guide-

lines

EN 60529:

Degrees of protection by housing (IP code)

EN 61010

Protection Measures for Electrical Equipment for Measurement, Control, Regulation and Laboratory 

Procedures.

EN 61326/A1 (IEC 1326)

“Emmision to class A requirements”

Electromagnetic compatibility (EMC requirements)

NAMUR NE 21

Electromagnetic compatibility (EMC) of imdustrial process and laboratory control equipment.

NAMUR NE 43

Standardisation of the signal level for the breakdown information of digital transmitters with 

analogue output signal.
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10.1.11 Ordering information 

The Endress+Hauser service organisation can provide detailed ordering information and informa-

tion on the order codes on request.

10.1.12 Accessories 

Various accessories, which can be ordered separately from Endress+Hauser, are available for the 

transmitter and the sensor (see Page 101). The Endress+Hauser service organisation can provide 

detailed information on the order codes of your choice.

10.1.13 Supplementary documentation 

• System Information Prosonic Flow 90/93 (SI 034D/06/en)

• Technical Information Prosonic Flow 93 P (TI 056D/06/en)

• Technical Information Prosonic Flow 90/93 W/U/C (TI 057D/06/en)

• Description Device Functions Prosonic Flow 93 (BA 071D/06/en)

• Operating Instructions Prosonic Flow 90 (BA 068D/06/en and BA 069D/06/en)

• Supplementary Ex documentation: ATEX, FM, CSA, etc.
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10.2 Dimensions of wall-mount housing 

A0001150

Fig. 74: Dimensions of wall-mount housing (panel mounting and pipe installation  → Page 42)
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10.3 Dimensions of P sensors (clamp-on)

 2 or 4 traverses version 

A0001154

Fig. 75: Dimensions of P sensor (clamp-on) / version: 2 or 4 traverses

a = Sensor spacing can be determined using Quick Setup 

b = Pipe outer diameter (defined by the application) 

1 traverse version 

A0001155

Fig. 76: Dimensions of P sensor (clamp-on) / version: 1 traverse

a = Sensor spacing can be determined using Quick Setup 

b = Pipe outer diameter (defined by the application) 
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10.4 Dimensions of W sensors (clamp-on) 

A0001151

Fig. 77: Dimensions of W sensor (clamp-on)

a = Sensor spacing can be determined using Quick Setup 

b = Pipe outer diameter (defined by the application) 

10.5 Dimensions of U sensors (clamp-on)

A0001152

Fig. 78: Dimensions of U sensor (clamp-on)

a = Sensor spacing can be determined using Quick Setup 

b = Pipe outer diameter (defined by the application) 
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10.6 Dimensions of W sensors (Insertion version) 

 Single path version 

A0001153

Fig. 79: Dimensions of W sensor (Insertion version, single path)

A = View A 

a = Pipe outer diameter (defined by the application) 

b = Sensor spacing determinable using Quick Setup 

c = Path length determinable using Quick Setup 
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 Dual path version 

A0001219

Fig. 80: Dimensions of W sensor (Insertion version, dual path)

B = View B 

a = Pipe outer diameter (defined by the application) 

b = Sensor spacing determinable using Quick Setup 

c = Path length determinable using Quick Setup 
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11 Index

A
Accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101

Advanced Diagnostics (optional software) . . . . . . . . . . . . .  93

Ambient temperature . . . . . . . . . . . . . . . . . . . . . . . . . . .  127

Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Applicator (selection and configuration software)  . . . . . .  103

Arc length  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31,  136

Auxiliary input

see Status input

C
Cable entry

Degree of protection . . . . . . . . . . . . . . . . . . . . . . . . . .  50

Technical data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125

Cable specifications (sensor cable) . . . . . . . . . . . . . . . . . . .  46

CE mark (Declaration of Conformity)  . . . . . . . . . . . . . . . .  12

Cleaning

Exterior cleaning . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99

Code entry (function matrix)  . . . . . . . . . . . . . . . . . . . . . .  58

Commissioning  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75

“Commissioning” Quick Setup menu  . . . . . . . . . . . . .  78

“Pulsating Flow” Quick Setup menu . . . . . . . . . . . . . .  80

“Sensor installation” Quick Setup menu  . . . . . . . . . . .  76

Advanced diagnostic functions  . . . . . . . . . . . . . . . . . .  93

Configuring current output (active/passive) . . . . . . . . .  96

Configuring relay contacts (NC / NO) . . . . . . . . . . . . .  97

Communication (HART) . . . . . . . . . . . . . . . . . . . . . . . . . .  60

Commuwin II

Electrical connection of the Commubox FXA 191  . . . .  49

Configuring current output (active/passive)  . . . . . . . . . . .  96

Connecting cable length (Sensor cable) . . . . . . . . . . . . . . .  16

Connection

see Electrical connection

Contamination declaration . . . . . . . . . . . . . . . . . . . . . . . . .  8

Coupling fluid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99

Current output

Electrical connection . . . . . . . . . . . . . . . . . . . . . . . . . .  48

Technical data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124

D
Data back-up  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95

Data storage device (T-DAT, F-CHIP) . . . . . . . . . . . . . . . .  98

Declaration of Conformity (CE mark)  . . . . . . . . . . . . . . . .  12

Declaration of contamination form  . . . . . . . . . . . . . . . . . . .  8

Degree of protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50

Technical data  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  128

Design

see Dimensions

Designated use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7

Device description files . . . . . . . . . . . . . . . . . . . . . . . . . . .  62

Device designation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9

Device functions

see the “Description of Device Functions” manual

Diagnostics functions,

advanced (optional software)  . . . . . . . . . . . . . . . . . . . . . .  93

Dimensions

P sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133

U sensors (clamp-on version) . . . . . . . . . . . . . . . . . . .  134

W sensors (clamp-on version)  . . . . . . . . . . . . . . . . . .  134

W sensors (insertion version) . . . . . . . . . . . . . . . . . . .  135

Wall-mount housing  . . . . . . . . . . . . . . . . . . . . . . . . .  132

Display

Display and operating elements . . . . . . . . . . . . . . . . . .  54

Readings displayed  . . . . . . . . . . . . . . . . . . . . . . . . . . .  55

Documentation, supplementary  . . . . . . . . . . . . . . . . . . .  131

E
Electrical connection

Cable specifications (sensor cable) . . . . . . . . . . . . . . . .  46

Commubox FXA 191  . . . . . . . . . . . . . . . . . . . . . . . . .  49

Connection check (checklist) . . . . . . . . . . . . . . . . . . . .  51

Degree of protection  . . . . . . . . . . . . . . . . . . . . . . . . . .  50

HART handheld terminal . . . . . . . . . . . . . . . . . . . . . . .  49

Length of connecting cable  . . . . . . . . . . . . . . . . . . . . .  16

Potential equalisation  . . . . . . . . . . . . . . . . . . . . . . . . .  50

Sensor connecting cable  . . . . . . . . . . . . . . . . . . . . . . .  45

Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47

Transmitter terminal assignment  . . . . . . . . . . . . . . . . .  48

Electromagnetic compatibility (EMC)  . . . . . . . . . . .  46,  128

Environment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127

Error limits

see Measuring inaccuracy

Error messages

Error messages  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59

HART . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69

Process errors (application errors)  . . . . . . . . . . . . . . .  113

System error (device error)  . . . . . . . . . . . . . . . . . . . .  106

Error types (system and process errors)  . . . . . . . . . . . . . . .  59

Ex approvals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130

Exterior cleaning  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99

F
F-CHIP (Function-Chip) . . . . . . . . . . . . . . . . . . . . . . . . . .  98

Fieldcare  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61

Fieldcheck (test and simulation software)  . . . . . . . . . . . .  103

Frequency output

Electrical connection . . . . . . . . . . . . . . . . . . . . . . . . . .  48

Technical data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124

Function check . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75

Function matrix  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57

Functional descriptions

see the “Description of Device Functions” manual

Functions, function blocks, function groups . . . . . . . . . . . .  57

Fuse, replacing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121

G
Galvanic isolation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124

H
HART

Device status / Error messages  . . . . . . . . . . . . . . . . . .  69

Device variables and process variables . . . . . . . . . . . . .  63

Electrical connection . . . . . . . . . . . . . . . . . . . . . . . . . .  49

Handheld terminal  . . . . . . . . . . . . . . . . . . . . . . . . . . .  61

Switching write protection on and off  . . . . . . . . . . . . .  74

Universal / common practice HART commands . . . . . .  64
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HOME position (operating mode)  . . . . . . . . . . . . . . . . . .  54

I
Incoming acceptance . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13

Inlet/Outlet runs

Clamp-on version  . . . . . . . . . . . . . . . . . . . . . . . . . . .  15

Insertion version  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16

Input signals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Input variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Inputs/outputs, response to errors . . . . . . . . . . . . . . . . .  115

Installation

Measuring sensors Prosonic Flow U (clamp-on)  . . . . .  28

Measuring sensors Prosonic Flow W (clamp-on),

1 traverse  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25

Measuring sensors Prosonic Flow W 

(single path insertion version) . . . . . . . . . . . . . . . . . . .  32

Measuring sensors Prosonic Flow W

(dual path insertion version) . . . . . . . . . . . . . . . . . . . .  35

Panel mounting Wall-mounting housing . . . . . . . . . . .  42

Pipe mounting wall-mounted housing  . . . . . . . . . . . .  42

Prosonic Flow P . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24

Prosonic Flow W (clamp-on) 2 or 4 traverses  . . . . . . .  27

Sound velocity measuring sensors DDU 18 . . . . . . . . .  39

Tensioning bands (clamp-on version)  . . . . . . . . . . . . .  21

Wall thickness measuring sensors DDU 19 . . . . . . . . .  40

Wall-mounted housing . . . . . . . . . . . . . . . . . . . . . . . .  41

Welded bolts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23

Installation check (checklist)  . . . . . . . . . . . . . . . . . . . . . .  43

Installation conditions

Dimensions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14

Down pipes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14

Inlet and outlet runs  . . . . . . . . . . . . . . . . . . . . . .  15,  16

Installation location  . . . . . . . . . . . . . . . . . . . . . . . . . .  14

Orientation (vertical, horizontal)  . . . . . . . . . . . . . . . .  15

Partially filled pipes, drains . . . . . . . . . . . . . . . . . . . . .  14

Installation instructions

IP 54 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51

IP 67 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50

IP 68 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51

Installation lengths

see Dimensions

Installation/removal of flowmeter sensors W

“Insertion version”  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120

IP 54 installation instructions

see Degree of protection

IP 68 installation instructions

see Degree of protection

L
Local display

see Display

Low flow cutoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124

M
Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99

Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129

Measured variable . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Measuring accuracy

Maximum measured error . . . . . . . . . . . . . . . . . . . .  126

Reference operating conditions . . . . . . . . . . . . . . . . .  126

Repeatability  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126

Measuring principle . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Measuring range  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Measuring system  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Medium pressure range . . . . . . . . . . . . . . . . . . . . . . . . .  128

Medium temperature range . . . . . . . . . . . . . . . . . . . . . .  128

N
Nameplate

Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11

Measuring sensors  . . . . . . . . . . . . . . . . . . . . . . . . . . .  10

Prosonic Flow U sensors . . . . . . . . . . . . . . . . . . . . . . .  10

Transmitter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9

Nominal pressure

see Medium pressure range

Normaly closed (relay contact) . . . . . . . . . . . . . . . . . . . . .  97

Normaly open (relay contact) . . . . . . . . . . . . . . . . . . . . . .  97

O
Operable flow range . . . . . . . . . . . . . . . . . . . . . . . . . . . .  123

Operating conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . .  127
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Wall-mounted housing

Installation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41

Panel mounting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42

Pipe mounting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42

Welded bolts

Installation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23

Wire measurer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
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see Electrical connection
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