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Progress Rd Pump Station SP302 - Summary 

1.1 Introduction 

The Progress Road conventional pump station and 200/300mm diameter CI rising main were 
constructed in 1964 to service the Waco!' Industrial Estate. It is located off Progress Road adjacent to 
Sandy Creek in Wacol, with the rising main to the old Wacol Wastewater Treatment Plant located 
alongside the Ipswich - Brisbane Highway. 
In 1980, the sewerage system was, upgraded with the abandonment of the old Wacol WWTP and 
construction of a new 375mm diameter AC rising main, located alongside the existing 200/300 mm 
diameter CI rising main to a discharge Maintenance Hole delivering into the 375 mm diameter gravity 
sewer to Sanananda St Pump Station. Sanananda St PS pumps to the Darra and Oxley Creek Branch 
Sewer and the Oxley WWTP, with partial flow diversion currently under construction to the Wacol 
Treatment Plant., 
The Progress Road Pump Station receives trade waste, is nearing design capacity and presents a high 
risk to the environment from dry weather overflows. 

The Major Project at the Progress Road Pump Station is the construction of a new wet well, discharge 
pipework and replacement of the existing pumps with new submersible pumps suitable for the "ultimate" 
flows. Connection of the new facility will be made to the existing rising main, and the existing pump 
station decommissioned. 

The existing wet well and dry well are to be connected to the new wet well as an overflow mitigation 
storage. 
A new standard grit collection maintenance hole is to be constructed for wet well isolation and grit 
removal 

1.2 Desiription of System and Overview Locality Keyplan 

The Progress Rd Pump Station SP302 Project consisting of the following infrastructure. 

Figure 1: SP302 Location Map 

Issue Date: 12 September 2006 Rev 0 Page 1 of 4 
Progress Rd Pump Station SP302 - Summary.doc 

19/03/07 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 10 of 344



BRISBANE CITY COUNCIL 
Brisbane Water 
Progress Rd P/S SP302 

BCC Contract No. BW50080-04/05 

Progress Rd Pump Station SP302 - Summary 

a) Progress Rd Pumping Station SP302. 
b) Rising mains connection from Progress Rd Pumping Station SP302. 
c) Incoming gravity mains to Progress Rd Pumping Station SP302.- 

1.3 Design and Process 

The incoming sewage will flow into Progress Rd Pumping Station SP302 from four (4) sewer mains. 
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Pump Station SP302 Layout BW dwg 4861517- JB0134 

The Progress Rd Pump Station SP302 comprises the following components. 

a) Grit Collector 
b) Pump Wet Well 
c) Discharge Valve Chamber 
d) Flowmeter Pit 
e) Overflow Chambers 
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1.4 Pumping System Operation 
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I 

The Progress Road Pump Station currently delivers approximately 110Us from each pump. This will be 
upgraded with new pumps capable of pumping a flow of 160Us against an estimated system head of 35 
metres. 
The lack of dry weather overflow storage in the existing wet well is a current risk, which will be reduced 
with the construction of the new wet well. The new wet well will be connected to the old facilities so that 
overflows may readily enter the storage and be drained back to the new wet well. The operating 
philosophy of the overflow storage shall be determined in consultation with operations staff. 
The duty pump will be requested to start at minimum speed (40 Hz) when the wet well level exceeds the 
start Duty level (10.100 mAHD). The station speed has been restricted to 40Hz (max & min speeds). 
Effectively this means PID control has been eliminated and the station is a- start/stop station. The 
minimum speed has been set to 40Hz due to concerns over the noise coming from the pump motor 
during startup at 35Hz. The maximum speed has been set at 40Hz also, to prevent any damage to the 
rising main (which is suspected of being near failure). If PID mode was available, the pump would 

Issue Date: 12 September 2006 Rev 0 Page 3 of 4 1 9/03/07 
Progress Rd Pump Station SP302 - Summary.doc 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 12 of 344



BRISBANE CITY COUNCIL 
Brisbane Water 
Progress Rd PIS SP302 

BCC Contract No. BW50080-04105 

Progress Rd Pump Station SP302 - Summary 

operate under PID control to maintain level at 10.200 mAHD. In PID mode the pump-speed should be 
capable of varying from minimum speed of 35 Hz to deliver approximately 50 I /sec to maximum speed 
of 50Hz to deliver approximately 160 I /sec. The modulating PID control would otherwise continue until 
the Stop Duty level (9.100 mAHD) is reached. At time of writing this station is a stop/start station. 
For a full description of control algorithm of the station refer to the standard function specification 
"SPSV3 SEWAGE PUMPING STATION SUBMERSIBLE 3 PUMPS WITH VFD" (1). Note that the 
SP302 Progress Rd #2 site only contains 2 VSD pumps and only one VSD pump is allowed to operate 
at any given time. There is a risk of overflows due to the heading up in the Discharge MH with both 
pumps working, therefore it is recommended that the pumps be interlocked. NB The pumps are 
physically interlocked within the switchboard wiring and logically interlocked within the PLC software. 
Ref: Drg No: 486/517-JB 004 New 200 DN DICL Overflow Return Pipe. The above Overflow Return 
Pipe has a 200 DN Knifegate valve fitted to pipework in the existing Pump Station this valve is normally 
closed. 

For detailed functionality of SP302 refer to Functional Specification SP302 Progress Rd #2, which 
contains the site specific details and describes the non standard functional requirements for control, 
monitoring and telemetry at sewage pump station SP302 at Progress Rd #2, Waco!. The functional 
requirements described in the document are in addition to the standard functionality detailed in "SPSV3 
SEWAGE PUMPING STATION SUBMERSIBLE 3 PUMPS WITH VFD" This standard specification 
was written for a 3 pump station, of which only 2 pumps are allowed to run at any given time. 

a) Pump Nameplate Data:- 

Pump Type Grundfos 321154M2A513Z 
Prod. No 96584433 
No 402622/23 
Tmax 40 °C 
Hmax 60m 
Qmax 310I/s 
Voltage 415V 
Hz 50 
Current Max 203A 
Pump Fabrication No,s 143667,143668 
RPM 1475 
IP 68 
P1 122kw 
P2 115kw 
Cos 0,84 
Wt 1,160kg 

1.5 References 

TITLE SPSV3 Sewage Pumping Station Submersible 3 Pumps With VFD - Functional Specification 
DOCUMENT ID 003589 

VERSION 0.30 

AUTHOR Alex Witthoft , Brisbane Water- Network Control Systems 
DOCUMENT 
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Peter Sherriff, Brisbane Water - Network Control Systems 

Issue Date: 12 September 2006 Rev 0 Page 4 of 4 
Progress Rd Pump Station SP302 - Summary.doc 
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'BRISBANE CITY COUNCIL 
Brisbane Water 
Progress Road PIS SP302 

BCC Contract No. BW50080-04/05 

Progress Road Pump Station SP302 - Location 

Progress Road Pump Station is located off Progress Road adjacent to Sandy Creek in Waco!. 

SP302 Location Map 

Issue Date: ?? June 2006 Rev 0 Page 1 of 1 27/03/07 
G:1185 SEWDRAINl255 Des_Const18890 Transport\MultiCatchment\SQTX Sew Sys Per 111.)16 Implementation\BW50080-04-05 Progress 
Rd\OMM1Files\SP302 Location Map.doc 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 14 of 344



 

BRISBANE WATER 

Network Control Systems 

FUNTIONAL SPECIFICATION 

SP302 Progress Rd #2 

Sewage Pumping Station 

Submersible 2 Pumps With VSD (interlocked) 

Version 1.00 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 15 of 344



SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

Document Sicinoff 

Approval 

Name Role Signature Date 

Supervising Elec. Eng Rahim Janfanda Recommend 

Engineering Design 

Services 

Supervising Mech. Eng Russell Thomas Concur 

Engineering Design 

Services 

Team Leader 

Network Control Systems 

Peter Sherriff Concur 

Manager Peter Casey . Concur 

System Planning 

Manager 

Water & Sewerage 
Operations 

4110 Manager 

Jeff Browne Concur 

Mechanical And Electrical 
Services 

Michael Greene Concur 

Design Manager Neil Johnston Approve 

Project Manager Ravi Chopra Approve 

Distribution 

Name Role Section 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 16 of 344



SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

Revision Control 

Revision 

Number 

Date Amendment Details Responsible 

Officer 

Version 0.00 17/10/2005 Original Draft Alex Witthoft 
Version 0.01 21/4/2006 Changed Wet Well Elevation mAHD, Inlet mAHD & 

Old Dry Well Knife Gate mAHD. Removed reference 
to emergency storage probe. Removed two pump 
operation and added one pump only operation. 
Modified pump kW rating to 122kW. Flowmeter not 
buried. Generator ermanently onsite. 

Gerard Anderson 

Gerard Anderson Version 0.02 24/4/2006 Changed station drawing to remove Duty B Start/Stop 
reference. Removed reference to Standby Generator 
being temporary in Section 2.2. Removed red-line 
text. Added picture of Control System graphic. 

Version 0.03 3/5/2006 Added info. re. storage chamber type to graphic 
Created commissioned version. Updated levels. 

Gerard Anderson 
Gerard Anderson Version 1.00 11/8/2006 

Document Consultation 
Please review the attached document and add your comments where necessary. To ensure that the process is kept 

within reasonable timeframes, it would be appreciated if you could return this document by the Requested Return 

Date listed below. 

Project Sponsor: 

Author: 

Document Administrator. 

Ravi Chopra 

Alex Witthoft / 
Gerard Anderson 

Gerard Anderson 

Officer Code: PM14BW 

Officer Code: E2SBW 

Officer Code: E2SBW 

Location: T.C.B. Level 2 

Location: Cullen Ave 

Location: Cullen Ave 

Version 

Number 

(1,2,3 

etc) 

Forwarded To: 

(Name / Officer 

Code) 

Location 

(eg,TCB, 

Cullen Ave) 

Date 

Sent 

Requested 

Return 

Date 

Date 

Returned 

Comments 

Received 

(Y / N) 

Comments 

Incorporated 

(Y / N) 

0.01 Reg McGirr TCB 21/4/2006 

0.02 

PLEASE RETURN THIS DOCUMENT TO THE ABOVE DOCUMENT ADMINISTRATOR 

DO NOT SEND IT ANYWHERE ELSE! . 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 17 of 344



 

SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

Table of Contents 
1 INTRODUCTION 5 

1.1 SITE BACKGROUND 6 
1.2 GENERAL PROCESS DESCRIPTION 7 

2 EQUIPMENT INSTALLED 8 

2.1 STANDARD EQUIPMENT 8 

2.2 NON STANDARD EQUIPMENT 8 
2.2.1 Emergency Generator 8 

3 CONTROL PHILOSOPHYX 9 

3.1 SITE SPECIFIC VALUES 10 

3.2 NON STANDARD MONITORING AND ALARMS 12 

3.2.1 Emergency Storage Level 12 
Invalid 12 
Wet Welt Level mAl-ID 12 

3.3 NON STANDARD IDTS PICTURE 12 

3.4 SEWER NETWORK OVERVIEW 12 

4 REFERENCES 12 

Table of Figures 
Figure 1: SP302 Location Map 5 
Figure 2: SP302 Station Level Set Points 9 

Table of Tables 
Table 1: Site Specific Constants defined in the PLC 10 
Table 2: Site Specific Constants defined in the RTU 10 
Table 3: Site Specific Variable defined in the RTU 10 
Table 4: Wet Well Level vs Volume Data (not including Emergency Storage Volume) 11 

Table 5: Emergencty Storage Level vs Volume Data 11 

Definitions 
IDTS Integrated Departmental Telemetry System 
RTU Remote Telemetry Unit 
SCADA Supervisory Control And Data Acquisition 
MAHD Metres above Australia Height Datum 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 18 of 344



SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

1 INTRODUCTION 

This document contains the site specific details and describes the non standard functional requirements for control, 

monitoring and telemetry at sewage pump station SP302 at Progress Rd #2, Wacol. The functional requirements 

described in the document are in addition to the standard functionality detailed in "SPSV3 SEWAGE PUMPING 

STATION SUBMERSIBLE 3 PUMPS WITH VFD" 1. This standard specification was written for a 3 pump station, of 

which only 2 pumps are allowed to run at any given time. 

The functionality for SP302 Progress Rd #2 is identical to the above standard (SPSV3) with the following exceptions, 

the third pump is removed and only 1 pump is allowed to run at any given time. There is a risk of overflows due to the 

heading up in the Discharge MH with both pumps working, therefore it is recommended that the pumps be interlocked. 

NB The pumps are physically interlocked within the switchboard wiring and logically interlocked within the PLC 

software. 

All site specific values are detailed in this document. The site specific details and the non standard functional 

requirements in this document were derived from the "Project Delivery Document" written by Ross Anderson and 

Associates Pty Ltd ('). Some site specific values were provided by the Commissioning Manager, Reg McGirr. 

Figure 1: SP302 Location Map 

SP302 Progrss Rd #2 - Functional Spec 1-001.doc Page 5 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 19 of 344



 

SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

1.1 Site Background 
The Progress Road conventional pump station (SP069) and 200/300mm diameter CI rising main were constructed in 

1964 to service the Wacol Industrial Estate. It is located off Progress Road adjacent to Sandy Creek in Wacol, with the 

rising main to the old Waco' Wastewater Treatment Plant located alongside the Ipswich - Brisbane Highway. 

In 1980, the sewerage system was upgraded with the abandonment of the old Wacol WWTP and construction of a new 

375mm diameter AC rising main, located alongside the existing 200/300 mm diameter CI rising main to a discharge 

Maintenance Hole delivering into the 375 mm diameter gravity sewer to Sanananda St Pump Station. Sanananda St PS 

pumps to the Darra and Oxley Creek Branch Sewer and the Oxley WWTP, with partial flow diversion currently under 

construction to the Wacol Treatment Plant. 

The current Progress Road Pump Station (SP069) receives trade waste, is nearing design capacity and presents a high 

risk to the environment from dry weather overflows. The proposed pump station SP302 (which will replace the existing 

pump station), rising main and associated works will provide: 

for the pumping of ultimate sewage flows from the catchment (160L/s at approximately 35metres head). 

operational improvements to allow pump well isolation and grit removal. 

additional storage for dry weather overflows by using the existing wet and dry well structures. 

reduced risk of sewage overflows to the environment. 

SP302 Progrss Rd #2 - Functional Spec 1-001.doc Page 6 
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SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

1.2 General Process Description 
The Progress Road Pump Station currently delivers approximately 1 10L /s from each pump. This will be upgraded with 

new pumps capable of pumping a flow of 160L/s against an estimated system head of 35 metres. 

The lack of dry weather overflow storage in the existing wet well is a current risk which will be reduced with the 

construction of the new wet well. The new wet well will be connected to the old facilities so that overflows may readily 

enter the storage and be drained back to the new wet well. The operating philosophy of the overflow storage shall be 

determined in consultation with operations staff. 

The duty pump will be requested to start at minimum speed (40 Hz) when the wet well level exceeds the start Duty 

level (10.100 mAHD). The station speed has been restricted to 40Hz (max & min speeds). Effectively this means PID 

control has been eliminated and the station is a start/stop station. The minimum speed has been set to 40Hz due to 

concerns over the noise coming from the pump motor during startup at 35Hz. The maximum speed has been set at 

40Hz also, to prevent any damage to the rising main (which is suspected of being near failure). If PID mode was 

available, the pump would operate under PID control to maintain level at 10.200 mAHD. In PID mode the pump speed 

should be capable of varying from minimum speed of 35 Hz to deliver approximately 50 I /sec to maximum speed of 

50Hz to deliver approximately 160 I /sec. The modulating PID control would otherwise continue until the Stop Duty 

level (9.100 mAHD) is reached. At time of writing this station is a stop/start station. 

For a full description of control algorithm of the station refer to the standard function specification "SPSV3 SEWAGE 

PUMPING STATION SUBMERSIBLE 3 PUMPS WITH VFD" (1). Note that the SP302 Progress Rd #2 site only 

1111 contains 2 VSD pumps and only one VSD pump is allowed to operate at any given time. There is a risk of overflows 

due to the heading up in the Discharge MH with both pumps working, therefore it is recommended that the pumps be 

interlocked. NB The pumps are physically interlocked within the switchboard wiring and logically interlocked within 

the PLC software. 

Ref: Drg No: 48615/7-.1B 004 New 200 DN DICL Overflow Return Pipe. The above Overflow Return Pipe has a 200 

DN Kinifegate valve fitted to pipework in the existing Pump Station this valve is normally closed. 

SP302 Progrss Rd #2 - Functional Spec 1-001.doc Page 7 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 21 of 344



 

SP302 Progress Rd #2 Sewerage Pumping Station 

2 EQUIPMENT INSTALLED 

2.1 Standard Equipment 

Brisbane Water 

SP302 Progress Rd #2 pump station has the following standard equipment installed. The functionality for the control, 

monitoring and alarming for these items is fully described in the standard functional specification. 

Pumps Two Grundfoss submersible pumps with 122 kW four pole electric motors are installed in 
the wet well. Each pump is fitted with moisture probes in the oil chamber and thermistors 
in the stator windings. 

Pump Starters Two Danfoss Variable Frequency Drives (VLT8200) are installed in the pump station 
switchboard. 

Flow meters One ABB Magmaster electromagnetic flow meters is installed in the discharge mains. 
The flowmeter will be used in the flow control algorithm (PID Loop) to control the speed 
of the pumps. This flowmeter is not buried. 

Level Sensors One Vega hydrostatic level transmitter installed in the wet well. 

One Multitrode level probe (Surcharge imminent) installed in The wet well. 
Pressure One Vega D84 pressure transmitters are installed on the discharge side of the pumps. 
Transmitters 

2.2 Non Standard Equipment 
SP302 Progress Rd #2 pump station has the following non standard equipment installed. The functionality for the 

control, monitoring and telemetry for is described in the following sections as these items are NOT described in the 

standard specification. 

Emergency 
Generator 

The switchboard will have a generator permanently connected. 

2.2.1 Emergency Generator 

The emergency generator is designed to the standard functionality as described by "DIESEL STANDBY GENERATOR 

LOCAL CONTROL PANEL FUNCTIONAL DESCRIPTION". 3 The generator is supplied with the PLC fully configured and 

loaded with the standard program. The RTU (Logica MD3311) will programmed with the standard interface program 

that will provide the monitoring, control and telemetry to the IDTS master station. 
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3 CONTROL PHILOSOPHYX 

NEW GRIT CHAMBER OLD WET WELL OLD DRY WELL NEW WET WELL 

INLET 

To Overflow Structure 
12.231 mAHD 

10.540 mAHD 

11.700 mAHD 

11.600 mAHD 

11.800 mAHD I 

Knife Gate 

9.900 mAHD 
mAHD 

11.600 mAHD I 

Inhibited Start Level 

Surcharge Occuring 

Surcharge Imminent 

Inhibited Stop Level 

9.200 mAHD 
9.400 mAHD 

8.700 mAHD 

Emergency Storage 

Emergency Storage Imm 

High Limit 

Start Duty B 

PID Setpoint 

Start Duty A 

Stop Duty B 

Stop Duty A 

Low Level Alarm 

Wet Well Elevation 

Wet Well Range 4.000 m 

Figure 2: SP302 StatiOn Level Set Points 
SOME LEVELS MAY CHANGE ACORDING TO:COMMISSIONING FiffRES 

1 

12.231 mAHD 

11.931 mAHD 

11.400 mAHD 

10.900 mAHD 

10.500 mAHD 

10.200 mAHD 

10.100 mAHD 

9.300 mAHD 

8.900 mAHD 

8.700 mAHD 

8.500 mAHD 
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SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

3.1 Site Specific Values 
Table 1: Site Specific Constants defined in the PLC 

Tag Name i Description I Type I Value I Units 
Sewerage Pumping Station 
StnOlgrSurchPumpingTime Surcharge pumping duration 3 I Integer I TBA I Sec 
Delivery flow 
FhvOixitxRange Delivery flow - Range Real 300 l/s 
StnOlgrMinFlowlPmp eliyey flow- Minimum flow - 1 Pump 

Delivery flow - Maximum flow - 1 Pump 
Real 
Real 

50 
160 

l/s 
Vs StnOlgrMaxFlow1Pmp 

StnOlgrMinFlow2Pmp Delivery flow - Minimum flow -2 Pump 
Delivery flow - Maximum flow- 2 Pump 

Real 
Real 

N/A 
N/A Stn0lgrMaxFlow2Pmp 

Delivery pressure 
PreOltxRange Delivery pressure - Range (NB 0 - 70M) Real 

Real 
7000 

T.B.A 
mmAHD/10 
mmAHD/10 PreOltxZero Delivery pressure - Elevation of the transducer 

Pump Blockage 
StnOlgrPmpBlockFlowKneeSP Flow blocked limit for flow/level PID control (knee) Integer 500 1/s x 10 
StnOlgrPmpBlockSpeedKneeSP VFD speed blocked limit for flow/level PID control (knee) Integer 800 Hz x 100 
StnOlgrPmpBlockSpeedMinSP VFD speed blocked limit for minimum flow PID control Integer 1000 Hz x 100 
Wet well level 
Ww101txRange Wet well level range 

Wet well surcharge imminent level 
Integer 
Integer 
Integer 

5000 
11.931 
11.800 

mm 
mmAHD 
mmAHD 

Wwl0ltxSurchlmmLevelSP 
Ww101 grinhStartLevelSP Wet well inhibit mode start level 
Ww101 grInhStopLevelSP Wet well inhibit mode sto i level Integer 

Integer 
Integer 
Integer 
Integer 
Integer 
Integer 
Integer 

11.600 
10.900 

N/A 
10.200 
10.100 

N/A 
9.100 
8.900 

mmAHD 
mmAHD 
mmAHD 
mmAHD 
mmAHD 
mmAHD 
mmAHD 
mmAHD 

Ww101 grRunatMaxLvISP Wet well run at maximum speed level 
Ww101txDtyBStartLevelSP Wet well duty B pump start level 
Ww101txPIDLevelSP Wet well PID set point 

Wet well duty A pump start level 
Wet well duty B pump stop level 
Wet well duty A pump stop level 
Wet well empty level (4mA of Probe) 

Ww101txDtyAStartLevelSP 
WW101txDtyBStopLevelSP 
Ww101txDtyAStopLevelSP 
Ww10 I txZero 
Viiiable Frequency Drive 
StnOlgrMinSpeed Variable Frequency Drive- Minimum Speed 

Variable Frequency Drive - Maximum Speed 
Integer 
Integer 

4000 
5000 

Hz x 100 
Hz x 100 StnOlgrMaxSpeed 

Table 2: Site Specific Constants defined in the RTU 
Tag Name Description Type Value Units 
flwl almInhibitTm Delivery flow - Alarm inhibit timer Integer 15 sec 
prelalminhibitTm Delivery pressure - Alarm inhibit timer Integer 15 sec 
wwIlsurchLvl Vol Wet well volume at surcharge level Real T.B.A kl 

wwl i lvlSurcharge Wet well surcharge occurring level Real 12.231 mAHD 
Pumps 1 & 2 
Pmp psi almInhPwrTm Pump Ixl - Motor power alarm inhibit timer. 

Pump [x] - Motor current alarm inhibit timer. 
Integer 
Integer 
Real 

15 

15 

sec 
sec pmp[x]alminhCrraTm 

pmp[x]euffRange Pump [x] - Motor current range 210 Amps 

Table 3: Site Specific Variable defined in the RTU 

Wet well level 
wwilhighLimit Wet well level - High alarm set point 

Wet well level - Low alarm set point 
Integer 
Integer 

10900 
9000 

mmAHD 
mmAHD wwIllowLimit 

Delivery flow 
fl w 1 highLimit Delivery flow - High alarm set point 

Delivery flow - Low alarm set point 
Integer 
integer 

300 
35 

ml/s x 10 

mils x 10 flwl lowLimit 
Delivery pressure 
prelhighLimit Delivery_pressure DN1370 - High alarm set point 

Delivery pressure DN1370 - Low alarm set point 
Integer 
Integer 

35 
10 

MAHD 
MAHD prellowLim it 

Pumps 1 & 2 

pmp[x]currHiLimit Pump [x] - Motor current high alarm set point 4 Integer 
Integer 
Integer 

140 
0 

85 

Amps 
Amps Pump [x] - Motor current low alarm se point 5 _pmpixlcurrLoLimit 

pmp[x[powHiLimit Pump 1[ic - Motor power high alarm set point Watts 
pmp[xlpowLoLimit Pump [x] - Motor power low alarm set point Integer 0 . Watts 
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SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

Table 4: Wet Well Level vs Volume Data (not including Emergency Storage Volume) 

Height 
(mAHD) 

Volume 
m3 

Remaining 
Storage m3 % Level % Volume 

8.500 0.000 0.0 0.0 
2 8.700 

3 8.900 
4 9.200 
5 9.400 
6 9.800 

7 9.900 
8 10.000 

9 10.200 
10 10.400 

11 10.600 
12 10.800 

13 11.000 
14 11.200 

15 11.400 
16 11.600 

17 11.700 
18 11.800 

19 12.000 

20 12.231 0.000 100.0 100.0 

Table 5: Emergencty Storage Level vs Volume Data 

Height 
(mAHD) 

Volume 
m3 

Remaining 
Storage m3 % Level % Volume 

1 9.400 0.000 0.0 0.0 

2 9.800 
3 9.900 
4 10.000 

5 10.200 

6 10.400 

7 10.600 

8 10.800 

9 11.000 

10 11.200 

11 11.400 
12 11.600 
13 11.700 
14 11.800 
15 12.000 
16 12.231 0.000 100.0 100.0 
17 - - - - 

18 - - - - - 
19 - - - 

20 - - - - - 
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SP302 Progress Rd #2 Sewerage Pumping Station Brisbane Water 

3.2 Non Standard Monitoring and Alarms 

III 

3.2.1 Emergency Storage Level 

As the Vega probe takes a few seconds to initialise, all the wet well alarms except for invalid, are suppressed for 10 

seconds upon RTU start up 

Invalid 

The signal is deemed invalid if it is 

Less than (4mA - dead band) or greater than (20mA + dead band) for 1 second. 

Once the invalid alarm has been activated it can only be reset when the signal is both greater than 4mA and less than 

20mA for 20 seconds. The time delays ensure that a signal is truly invalid before an alarm is set and that it is stable 

before it is reset. The dead band is calculated using the site invalid hysteresis value multiplied by the range. 

If the gravity sewer level becomes invalid, the gravity sewer low and high alarm alarms are suppressed. 

NOTE: As the level is backed up by the battery - the site power does not suppress the invalid alarm. 

Wet Well Level mAHD 

After the standard conversion from RTU raw counts (800-4000) to engineering units (meters) this signal is converted to 

mAHD to be able to do a meaningful comparison between different sites. The following formulas are used to calculate 

these values. 

ES (mAHD) = ES (meters) + ES Zero Level (mAHD) 

IDTS Database Record Name 
Plant Quantity Description 
Wet well Level Wet Well Level 
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3.3 Non Standard IDTS Picture 
The details picture for the new SP302 Progress Rd #2 will be based upon the standard picture for a 2 pump submersible 

and have the following additional features: 

Emergency Storage Chamber visual indication (Self Drain with Manual Knife Gate Valve). 

Mobile Generator icon 

File Alarms Everts Factibes Listronfigure Display 

Trend I 

thi 
SPS Mains RTU *Mains *Battery 

Local Last Poll Tr,e 

Time to Surcharge - Ominutes 

bOFCL 0.00 m AHD 

Inflow 

I 0 I/s :;Inlet IL 0.00 m AHD 

High 0.0M m AHD 

Duty A Start OPP m AHD 

(0%) 

Duty A Stop 1030 m AHD 

(0%) 

0 

Attention 

Time Description 

UBD 141 014 

Stopped 

Generator 

0 

0 

Vega Probe 

0.0 

0.0 

State Repeat 

IJ 
Overview' Macro I Details' Index Control', Points I Alarms' Events' Site Notes' Continuous' Help I 

Figure 3: SP302 Progress Rd #2 Operator Schematic 

3.4 Sewer Network Overview 
The sewer network overview page will be updated to replace the existing SP069 Progress Rd in the S2 Oxley Sewer 

network with the new SP302 Progress Rd #2. 
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1 EXECUTIVE SUMMARY 
This document outlines the functional requirements for the control, monitoring, and telemetry of a standard 
three -pump submersible sewerage pump station with variable frequency drive (VFD), controlled by a GE- 
Fanuc 90-30 PLC which communicates to the IDTS master station via a Logica CMG MD3311 Remote 
Telemetry Unit (RTU). 

The boundary of this functional specification is to form the basis for the PLC and RTU code development. 
The Summary of IDTS SCADA configuration and control room operator actions are provided for 
completeness only. 

This type of station is equipped with variable frequency drives to reduce odour emission (caused by the 
`bellows effect' of a continually rising and falling wet well). The variable frequency drives also enable the 
smoothing of the fluctuation in delivery flow to the down stream sewer network. This is particularly 
important for waste water treatment plants which operate more effectively under constant flow conditions. 

The station is designed, and is normally selected, to run autonomously under the control of the GE-Fanuc 
PLC based on the value of the wet well level. This 'remote' mode starts the duty pump when the wet well 
level reaches the start duty A level (refer to Figure 1: Wet Well Level Set Points) and continues to run the 
pump while the wet well level is above the stop duty A level. A second pump will operate if the wet well 
rises to the start duty B level (when the inflow into the station is above the flow capacity of one pump). The 
station will be interlocked (within the code) so that only two pumps can operate at any one time. 

The 'remote' mode control algorithm will gradually vary the speed of the pump (thereby limiting delivery 
flow fluctuations), to maintaining the wet well to as constant a level as possible. In effect, the change in 
speed will control the delivery flow to match the inflow to the station. The inflow varies according to the 
stations diurnal flow pattern, therefore the station delivery flow will also have a diurnal flow pattern (refer to 
Figure 2: Typical Diurnal Flow Pattern). 

For a sudden change in the station's inflow, caused by the on/off cycling of an upstream station, the pumps 
will vary their speed (and thus the delivery flow) in a controlled manner, using the wet well as a temporary 
storage buffer. Once the delivery flow has converged on the inflow, it will slightly overcompensate, so that 
over time, the wet well level will be brought back to the desired level. Thus the change in wet well level is 
controlled while still minimising delivery flow fluctuations. 

To provide redundancy for the Vega probe (which measures the wet well level) a surcharge imminent 
electrode is installed. This electrode not only provides redundancy in the alarming of abnormally high wet 
well levels, it also serves as a backup signal to start the pumps, ensuring that the station does not surcharge 
due to a fault in the Vega probe. If the pumps are started using this electrode, the station is said to be in 
`surcharge pumping' mode. This mode will start two pumps and command them to run at maximum speed. 

The station is also designed, and may be selected, to operate under local control. The primary use of local 
control is for testing the system during maintenance. The speed of the pumps in local mode is also locally 
controlled via a dial on the switchboard. 

In an emergency situation, if the PLC has failed, a qualified technician is able to start any individual pump 
via VFD by activating the VFD keypad (changing the VFD from auto to manual (keypad) control). In 
manual mode, however, the VFD can not be controlled by the PLC. 

The pumping station, as part of a larger sewer network, will be pumping to either downstream pump station, 
waste water treatment plant or downstream sewer network. In the event of a downstream failure, the control 
room operator can delay and minimise the volume pumped by selecting 'all pumps inhibited' mode. This 
mode delays and minimises the volume pumped by fully utilising the storage capacity of the wet well and the 
inlet sewer system. This can avoid or minimise the volume surcharged downstream of the station. 

The RTU will report by exception (eg alarm) to the IDTS master station if an event occurs outside its normal 
operating parameters. The control room operator, via the IDTS master station, can modify certain PLC/RTU 
operating parameters to respond to an abnormal situation, but can not override the PLC/RTU logic. 

Doc Id: 003589 Active Date: 1 July 2004 Brisbane Water Confidential 
Printed: 22/03/2006 Owner: Peter Sherriff Page 6 
Note: Printed copies of this document should be verified for currency against the published electronic copy. 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 34 of 344



Three Pump Submersible Sewerage Pump Station with VFD Brisbane Water - Network Control Systems 

The program written for the PLC has significant 'intelligence' to be able to cope with any abnormal events 
and continue to operate the station in a safe manner. The functional specification also describes the control 
strategies for the majority of failure scenarios, for which the intervention by the control room operator is not 
relied upon. 

The station is interrogated hourly via the telemetry network to routinely update the status of the station to the 
IDTS master station and upload the previous hour's historical data. The station also requests an immediate 
upload when any critical event occurs at the station. The IDTS master station will then alert the control 
room operator of any abnormal conditions at the station. Calculations are also performed and telemetered to 
the IDTS master station to aid system planning and fault finding for the station and surrounding sewer 
network. 
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2 CONTROL PHILOSOPHY 

2.1 Overview 
The following section outlines the operating philosophy of a standard three-pump submersible sewerage 
pump station with variable frequency drives. The size of the sewer pumps shall be selected so that one pump 
will be adequate for normal dry weather flow. Two (only) pumps are allowed to run simultaneously to cope 
with higher flows during wet weather conditions. 

The station can be selected to be in one of the following three modes 

Remote Mode (Normal Operating Mode) 
Local Mode . Emergency Mode (VFD Keypad control) 

All mode selection is done on site by the on site technician via the local/remote selector switch. Both local 
and remote control are controlled by the GE-Fanuc 90-30 PLC, independently from the MD3311 RTU. The 
RTU is only required for the monitoring of the station by the IDTS master station. 

The station is designed, and is normally selected, to run autonomously under the control of the GE-Fanuc 
PLC based on the value of the wet well level. The station is also designed, and may be selected to run under 
local control. Local mode is designed for an on site technician to manually control the pumps. Its primary 
use is for testing the system during maintenance. 

In the event of a complete RTU failure, the PLC will continue to operate in the mode that it is selected. The 
IDTS master station will alert the control room operator of a communications fault. 

In the'event of a PLC failure, the RTU will immediately alarm a PLC fault at the IDTS master station and 
each pump can be individually run via the VFD keypad when a technician arrives on site, completely 
independent of the PLC. Keypad control is initiated via each pumps individual VFD control keypad. 

2.1.1 Normal Operation (Remote Mode) 
Under normal operation (in remote mode) the station is controlled using `dutyA pump stop level' and `dutyA 
pump start leVel'. Once one pump is running, if the level continues to rise above the 'clutyB start level', a 
second pump will start and run until the level falls to the `dutyB stop level'. The second pump will run at the 
same speed as the dutyA pump - as calculated by the control algorithm. The pump station will be 
interlocked so that only two pumps can operate at any time. The start and stop levels are measured in 
mAHD and are site specific (refer to Figure 1: Wet Well Level Set Points for a graphical representation of the 
various wet well level set points). 

As described in the executive summary, under normal operating conditions, the 'remote' mode control 
algorithm will gradually vary the speed of the pump to control both the wet well level and the flow. 
Provided the delivery flow meter signal is valid, the pump speed will be controlled by a level-flow-speed' 
cascaded P.I.D.' loop. This loop will be 'tuned' to control the wet well level to a constant set point, to 
minimise the 'bellows' effect, while limiting excessive fluctuations in the delivery flow. 

In the event that the delivery flow meter signal is invalid, a basic level-speed' P.I.D. loop will be utilised to 
maintain the desired wet well level. This P.I.D. loop will be 'tuned' to control the wet well level to a 
constant set point to minimise the 'bellows'. effect. 

A proportional-integral-derivative (PID) controller tracks the error between the process variable and the setpoint, the integral of 
recent errors, and the rate by which the error has been changing. It computes its next corrective action from a weighted sum of those 
three terms (or modes), then outputs the results to the process and awaits the next measurement. 
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Cascaded 'Level to Flow to Speed' PID Control 
The pump speed will increase, using a cascaded PID loop controlling both wet well level and flow rate, until 
it reaches its maximum speed. The diagram .below shows the PID loop for flow control. (The control 
algorithm of the PID integration and output values is limited to within minimum and maximum values for 
flow rates and VFD speed.) 

The cascaded PID loop control relies on the wet well level set point. This set point is compared with the 
actual wet well level. When the wet well level is greater/smaller than the wet well level set point the flow 
control set point will increase/decrease accordingly. This flow control set point is then compared with the 
actual flow reading and the speed of the VFD is adjusted to achieve the required flow set point. 

The PID loop will be tuned so that as the inflow to the station increases, the outflow increases to match, 
thereby maintaining the wet well level set point. The secondary PID loop will be tuned so that the rate of 
change of the flow rate is controlled and undue flow fluctuations are minimised. 

LEVEL 
StrPOIYIT 

Figure 3 :Cascade Level-Flow Pid Loop Control 

`Level to Speed' PID Control 
In the event of a failure of the flow meter, a simple level-speed PID control loop will control the speed of the 
pumps to maintain a constant level. The diagram below shows thePID,loop control for the level/flow 
control. 

LEVEL 
SETP0110 

Figure 4: Wet Well Level Pid Loop Control 

The value of the VFD speed is adjusted to achieve the required level set point. The PID loop will be tuned 
so that as the inflow of the station increases, the speed of the variable frequency drive will increase to match 
the flow, thereby maintaining the level set point. The wet well level will only fall below the set point if the 
inflow to the station is less than the flow rate produced when the VFD is at minimum speed. 
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2.1.2 Surcharge Pumping Mode 
If the level continues to rise above the Duty B start level then depending on the level reached, 'High', 
'Surcharge Imminent' and 'Surcharge Occurring' alarms will be raised and sent back to the control room 
operator. The control room operator is also alerted to Tow' and 'Invalid' conditions (Refer to 2.5.1 Wet 
Well Level Invalid). The alarm conditions are normally set as follows: 

Wet Well Low 
Wet Well High 
Surcharge Imminent 
Surcharge Occurring 

200mm (nominal) below ' dutyA pump stop level' set point (BWL) 
400mm (nominal) above 'dutyB pump start level' (TWL) 
300mm below actual surcharge level 
25mm below actual surcharge level 

When the level reaches the surcharge imminent level (as per the physical surcharge imminent electrode or 
according to the wet well Vega probe) the station will initiate the surcharge pumping mode. In surcharge 
pumping mode two available pumps will be commanded to run at maximum speed. The speed analog output 
will be clamped at maximum speed and as a backup, the 'run at maximum' digital output will also be 
activated. For environmental reasons, surcharge pumping mode has priority and all pump inhibits and wet 
well level duty stop set points are ignored. 

There are three main reasons that a station will fill to the surcharge imminent level. 

1. The Vega probe measuring the wet well level is invalid (pumps will not start if the level is not valid) 
2. The Vega probe measuring the wet well level is 'frozen' at a valid level but below the start level. 
3. The inflow to the station is higher than the pumping capacity of the available pumps running. 

The surcharge pumping mode is active while the wet well level is at or above the surcharge imminent level 
and for a site specific minimum of time after the level falls below the surcharge imminent condition. Once 
surcharge pumping mode is deactivated the station will revert to its previous mode of operation (normal 
operation or all pumps inhibited mode). 

NOTE: The site specific minimum time is calculated as half the time taken to pump from surcharge 
imminent level to the dutyA stop level under normal dry weather conditions. 

2.1.3 All Pumps Inhibited / Blocked Mode and Individual Pump Inhibit / Blocked 
The control room operator can inhibit one or more of the station's pumps. If a single pump is inhibited, then 
that pump is considered inhibited from operating under normal operating conditions. If all pumps are 
inhibited, then the whole station is considered inhibited and in 'all pumps inhibited mode' 

NOTE: If a pump blockage alarm is active for a specific pump then this will have the same effect as if the 
control room operator has inhibited the pump. 

Single Pump Inhibit (Blocked) Mode 
A single or pair of pumps can be inhibited if they are not operating efficiently (eg partially or fully blocked). 
This will remove them from the duty cycle allowing the more efficient pump(s) to permanently operate as 
the duty pump until the inhibit is removed. This will allow the station to run normally until the inefficient 
pump(s) can be unblocked or repaired. 

If the uninhibited duty pump(s) can not keep up with the inflow and the wet well level rises, as the respective 
alarm levels are reached, the wet well high alarm will activate as a warning. If the level continues to rise 
above the surcharge imminent level, then the surcharge imminent alarm will activate and, if less than two 
pumps are running, one of the inhibited pumps, if available, will automatically be commanded to run to 
ensure two pumps are running under surcharge pumping mode. They effectively ignore the inhibit placed 
upon it by the control room operator. After the surcharge pumping cycle is completed, the pump(s) will 
remain "inhibited" and are only uninhibited by a command from the control room operator. 
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All Pumps Inhibited Mode 
All pumps inhibited mode is utilised to delay the flow of sewerage to downstream sites in an emergency. 
This will mitigate a surcharge situation at either a failed downstream pump station or a problem in the sewer 
network downstream from the pump station. To activate 'all pumps inhibited' mode, all the pumps at a site 
have to be either inhibited individually by the control room operator or have their respective 'pump 
blockage' alarm active. 

When the whole:pumping station is in 'all pumps inhibited' mode, it is desirable to minimise the volume 
pumped. This is achieved by utilising the wet well storage capacity to a safe maximum level. Nominally the 
duty start level is raised to 200mm below surcharge imminent. At this level a single pump will run for a 
minimum of 2 minutes and until the wet well level drops to 400 mm below surcharge imminent (both 
conditions need to be satisfied before the pump stops). Refer to Figure 1: Wet Well Level Set Points for a 
graphical representation of these new start and stop levels. 

-NOTE: In the case where some of the pumps are inhibited and some have the pump blockage alarm active, 
the pumps which are inhibited are started in preference to the pumps that are blocked. 

If the inflow volume causes the wet well level to rise above the `all pumps inhibited' start level and reach the 
surcharge imminent level, the surcharge imminent alarm will activate and command the pumps to follow the 
surcharge pumping mode instead of the 'all pumps inhibited' mode. 

Surcharge pumping mode is designed to control the well level and will run the pumps for a longer minimum 
duration than 'all pumps inhibited' mode. Although this is contrary to the purpose of 'all pumps inhibited' 
mode, which is to minimise the flow to the down stream station, surcharge pumping mode takes precedence. 
The inflow to the station would have to be significantly higher than the dry weather average inflow to cause 
the level to reach surcharge imminent level set point. 

Once the surcharge pumping mode deactivates, the station will revert back to 'all pumps inhibited' mode. 
The station will remain in this mode until at least one pump is both uninhibited by the control room operator 
and is not blocked. As a feedback indicator for the control room operator, the sewer pump displayed on the 
IDTS master station has a yellow inner circle if it is inhibited. The pump blockage alarm is itself a priority 1 

alarm and is not part of the pump availability condition. 

The wet well high alarm will be suppressed when 'all pumps inhibited' mode is active as the well level, in 
`all pumps inhibited' mode, is above the wet well high alarm set point. 

NOTE: As the 'all pumps inhibited' mode is operating within 200mm of the surcharge imminent level set 
point, a calibration 'drift' in the wet well Vega probe can cause the station to trigger a surcharge imminent 
alarm during dry weather conditions. This will trigger a 'wet well calibration fault' alarm to the control 
room operator, instructing him to schedule a calibration of the Vega probe. 
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2.2 Station Instrumentation 
The station has the following instrumentation connected to the MD3311 RTU or GE-Fanuc 90-30 PLC. All 
110 must be connected as per the standard site physical I/O connections (Refer to Appendix A: Standard 
Physical I/O List). For a full equipment list refer to the standard drawing set. (Refer to Appendix C: 
Drawing List) 

Table 1: Station Instumentation 

Station Energex power relay Status of power on the line side of the main incomer 
Station mains power relay Status of power after the main incomer 
Pump mains power relay Status of power after the pump circuit breakers 
RTU mains power relay Status of power after the RTU circuit breaker 
Main incomer CB status Status of the Main Incomer CB (used in conjunction with Energex and station mains 

power relays to determine whether a generator is currently running on site) 
Battery system Status of the battery system 
Surge diverter Status of surge diverter 
Site door switch status . Combined status of all switchboard door (All closed or not) 
Wet Well Vega Probe The probe is positioned in the well to cover the operating level of the well. in mAHD . 

Pressure Gauge Delivery pressure of the pump station in mAHD 
Flow Meter Delivery flow of the pump station in Us 

Wet Well Surcharge Imminent Electrode Electrode to detect if wet well level has reached surcharge imminent level 
Station Local Controls and Indication Site attention reset push button 

Local/remote selector switch 
Site attention indication lamp 
Wet Well level % indicator gauge 
Battery Check relay 

Pump Local Controls and Indication Start push button 
Stop push button 
Emergency stop push button 
Pump status indication lamp 

Pump Variable Frequency Drives 
(Danfoss) 

. 

VFD control and display panel 
Running Feedback ' 

Fault Feedback 
Run Command 
Reset Command 
Local Speed Command (4-20 from Potentiometer) 
Remote Speed Command (4-20mA from PLC) 
Speed Feedback (4-20mA to PLC) 
Modbus link to RTU for pump power and current 
Moisture in Oil (Optional) 

2.2.1 10 Allocation between RTU and PLC 
The IO is split into the MD3311 RTU and GE-Fanuc PLC, determined by whether or not the I.O. is required 
for the control of the pumps. 

Signals which are required for monitoring only, or controls not associated with the control of the pumps (ie 
generator I.0.) are wired directly into the MD3311 RTU. All La, which are wired into the MD3311 RTU, 
are backed up by the battery system and will continue to function even during power outages. 

All pump W. required for pump control are wired into the GE-Fanuc PLC. All monitoring and controls are 
communicated via the Modbus link to the MD3311 RTU and then to the IDTS master station. The I.O. 
wired to the GE-Fanuc PLC are not backed up by the battery system and will fail during power outages. 
This is not detrimental to the operation of the station as the pumps can not run without 415VAC. 

Even though wet well level analog signal is required for the control of the pumps, it is also critical during 
power outage. Therefore it is wired, in series, to both the RTU and the PLC. 
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2.2.2 Modbus CoMmunications 
The Modbus communications will be configured as over a RS485 link as per the diagram below. 

Modbus RS485 

Figure 5: Modbus RS485 Network Diagram 

For a full description on how to configure this network, refer to the following range of technical documents 
found on the Brisbane Water Infonet. 

Branch Section Document Type ID Title 
Newtorks Water &Sewerage 

Operations 
Technical Manual Or 
Specification 

003590 Modbus Md3311 To Ge 90-30 

Newtorks Water &Sewerage 
Operations 

Technical Manual Or 
Specification 

003591 Modbus Ge 90-30 To Danfoss 

Newtorks Water &Sewerage 
Operations 

Technical Manual Or 
Specification 

003592 Modbus Md331 I To Ematron.Doc 

The IC) that is calculated in the PLC and then transferred from the PLC to the RTU is listed in the tables 
beloW. 

The Modbus communication fault is determined by a watchdog counter which is passed back and fourth 
from the RTU and the PLC and incremented on each pass in the PLC. If the RTU does not register an 
increment in any given 30 second time period, then a communication fault alarm is activated. 

Table 2: Modbus Digital Signals to the RTU 

GE-Fanuc Tag Name Description 
Pmp[x]dsMainsPower Pump No.[x] Mains Power IDTS Indication 
Pmp[x]dsAvailablelDTS Pump No.[x] Available IDTS 
Prnp[x]dsRunning Pump No.[x] Running 
Pmp[x]danhibit Pump No.[x] Inhibited 
Pmp[x]dsEStop Pump No.[x] Emergency Stop Fault 
Pmp[x]dsFault Pump No.[x] Fault 
Pmp[x]dsVPDFlt Pump No.[x] VFD Fault 
Pmp[x]dsVFDAuto Pump No.[x] VFD Auto 
Pmp[x]dsMIO Pump No.[x] Moisture in Oil 
Pmp[x]dsBlocicAlm Pump No.[x] Blockage Alarm 
Pmp[x]dsVFDFItExceeded Pump No.[x] VFD Fault Count Exceeded 
Pmp[x]dsVFDF1tAutoReset Pump No.[x] VFD Fault Auto Reset 
Pmp[x]dsSpeedtnvalid Pump No.[x] Speed Signal Invalid 
StnOldsSurchImrn Surcharge Imminent 
S tn01 dsRemote Station Remote Selected . 

Ww1OldsInvalid Wet Well Level Signal Invalid 
PreOldsInvalid Delivery Pressure Signal Invalid 
Flw0 I dslnvalid Delivery Flow Signal Invalid 
Plc0 I dsFirstScan PLC 1 first scan 
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Table 3: Modbus Digital Controls to the PLC 

GE-Fanuc Tag Name Description 
PmJ)[x]dcStart Pump No.[x] Remote Start Command 
Pmp[x]deStop - Pump Nolx) Reinote Stop Command 
Pmp[x]deReset Pump Nolxl Remote Reset 
Pmp[ x] delnhibit Pump No_lxl Remote Inhibit 
PLCOldcinitReset . PLC 1 initiate reset 

Table 4: Modbus Integer Signals to the RTU 

GE-Fanuc Tag Name Description 
wwim txSurchlmmLevelSP Surcharge Imminent 
Ww10ItxDtyBStartLevelSP Duty B Pump Start Level (mmAHD) 
Ww101 txPIDLevelSP - PID Level Setpoint ( mmAHD) 
Ww101txDtyAStartLevelSP Duty A Pump Start Level ( mmAHD) 
Ww101txDtyBStopLevelSP Duty B Pump Stop Level (mmAHD) 
Ww101txDtyAStopLevelSP Duty A Pump Stop Level (mmAHD) 
Ww1O1txEGU Wet Well Level (mmAHD) 
Ww101txRange Wet Well Level Range (mm) 
Ww101txZero Wet Well Zero ( mmAHD) 
PreOltxEGU Delivery Pressure (mmAHD)x10 
PreOltxRange Delivery Pressure Range (mm) 
PreOltxZero Delivery Pressure Zero (mmAHD)x I0 
Flw01 brEGU Deliver Flow (Vs) x 10 

Flw01 txRange Delivery Flow Range (Us) x 10 
Pmp0 I txSpeedEGU Pump I Speed (%) x 10 

Pmp02txSpeedEGU Pump 2 Speed (%) x 10 

Pmp03txSpeedEGU Pump 3 Speed (%) x 10 
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2.3 Remote Mode 
Remote mode is the normal operating mode of the station. In this mode the PLC program controls the 
pumps in a duty standby configuration, starting and stopping the pumps according to the wet well start and 
stop set points (as described in the overview and illustrated in Figure 1: Wet Well Level Set Points) 

The control room operator can issue remote manual commands to the PLC, via the RTU, to control the 
station outside the normal set point parameters. The following are the controls available to the control room 
operator. 

Stop 

Start 

Reset 

Inhibit 

Stops a specific pump provided that the station is in its 'normal' wet well range 
(below the Start Duty A level. If the wet well level is abnormal (higher than Start 
Duty A level but below surcharge imminent level), then the "inhibit" can be used to 
stop a pump. 

Start a specific pump provided the wet well level is above the 'bottom water level' 
(duty A pump stop level). The 'start command' over rides the pump lockout which 
restricts the number of starts per hour under autonomous control. 

Allows the operator to remotely reset any latched pump alarm's provided the 
original fault condition has cleared. 

Allows the operator to inhibit a specific pump from operating under the normal 
operating mode, effectively removing it from the duty rotation. If all pumps are 
inhibited the operator has 'inhibited' the station causing the station to run under 'all 
pumps inhibited' mode. 

The control room operator can also send the following site commands: 

Attention By sending this control the operator activates a site attention indicator requesting 
Activate the on site technician to contact the control room. 

Abnormal This command reset the abnormal operation alarm which is activated whenever the 
Operation RTU or PLC has an 'abnormal operation' (ie the RTU or PLC resets by itself). 
Reset 

Alarm limit The operator has the ability to modify the set points for the high and low alarms 
. set points configured for various signals (eg. pressure, motor current and motor power and 

wet well). 

The Control Room Operator can NOT: 

Switch the station from local to remote mode. (Physical switch on site only) 
Start or Stop the pumps if the station is in local mode. 
Modify operational set points, eg. Start/Stop dutyA/B level set points. 
Change alarm priority class or 'alarm triggering configuration on the communications channel. 
Control the speed of the pumps. The PLC automatically determines the speed of the pumps using 
the HD control algorithms 

2.3.1 Pump Duty Selection 
The duty rotation is based on a simple rotational basis. When the duty pump stops running,. the duty is 
rotated to the next pump available for normal duty standby operation. If a pump is unavailable, inhibited, 
blocked or locked out then that pump will not be set as duty A or duty B. If no pumps are running and the 
control room operator issues the command for a specific pump to run then that pump is assigned to be the 
duty A pump. 

2.3.2 Pump Lockout 
In remote mode, under normal operating conditions (the station is not in either surcharge pumping or 'all 
pumps inhibited' mode) a pump is locked out from starting for 5 minutes since its last start. This is to 
protect the motor and starting equipment from thermal failure due to too many starts per hour. The lockout 
is bypassed by the remote start command sent from the IDTS master station. 
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2.3.3 Pump Start Delay 
In remote mode, the stations pumps are prevented from starting simultaneously by a pump start delay of 10 
seconds commencing from the last time a pump has started. This will minimise any inrush current to the 
station and also minimise water hammer effects. 

2.4 Local Mode 
The on site technician can completely control the site by switching the site into local mode and manually 
operating the pumps via the push buttons. The speed of each pump can be controlled via individual 
potentiometers. 

WARNING: In local mode there are no automatic controls. Once the pumps have been started they will 'run 
to destruction', that is, they will not switch off automatically due to wet well level reaching the 'stop duty A 
level' set point. If the on site technician does not stop the pump before the wet well level falls below the 
pump intake, then the pump will 'suck' air and will 'air lock' making the pump inoperable until it is either 
`bled' or 're-primed'. It is up to the on site technician to ensure the pump only runs while the level is above 
the stop level. 

The on site technician has the following local station controls: 

Station Local / Remote Selector switch to determine operating mode of the station 
'Site attention reset Reset the attention indication sent by the control room operator 

The on site technician has the following local controls for each pump: 

Start . 
Push button to start pump 

Stop Push button to stop pump (soft stop via VFD) 
Emergency Stop Latched push button (hard stop via electrically isolation) 
Reset Push button (reset any latched alarms in RTU related to pump) 
Speed Control Potentiometer that allows the selection of speed between minimum 

and maximum configured in the VFD 

Local indication on the switchboard includes: 

Site attention Indication lamp - on site technician required to contact control room 
operator 

Pump status Indication lamp On continuously Pump running 
Slow Flash (2 sec) Pump faulted 
Fast Flash (1 sec) Pump lockout 

. Wet well level Provides the wet well level indication in % 

Variable Frequency Drive Control panel to configure the parameters of the Variable Frequency 
drive and also to display motor status (i.e. motor current, VFD speed) 

2.5 Station Fault Conditions 

2.5.1 Wet Well Level Invalid 
Remote mode relies on the wet well level from the Vega probe to operate normally. If the wet well level 
becomes invalid (is outside the operating range of 4-20 mA) then the station will rely on the surcharge 
imminent probe to control the starting and stopping of the pumps. The wet well level is deemed invalid if it 
is 

[Less than (4mA - dead band) OR greater than (20mA + dead band)] for 2 seconds. 

Once the invalid alarm has been activated it can only be reset when the signal is both greater. than 4mA and 
less than 20mA for 20 seconds. The time delays ensure that a signal is truly invalid before an alarm is set 
and that it is stable before it is reset. 
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2.5.2 Site Power 
The site requires 3 phase mains power (Energex) to operate the sewer pumps. The RTU requires DC power 
and is equipped with a backup battery supply that lasts for approximately 2 hours. These batteries also 
supply standby power to the communications device (eg Trio radio), the wet well level Vega probe and 
surcharge imminent electrode. The PLC is NOT backed up by the Battery as it requires 240VAC. 

The control room operator is alerted of a site power outage. Any consequential alarms resulting from the 
power outage are suppressed as described in the section 4.4.6 Alarm Suppression Tree. The control room 
operator is able to monitor the wet well level and is alerted to a wet well high condition and eventually a 
surcharge imminent condition during the power outage (until the battery goes flat). 

The station switchboard has a generator connection cubicle allowing a mobile generator to be connected 
under extended power outages. The generator is manually operated and can supply power via a generator 
circuit breaker which is mechanically interlocked with the mains circuit breaker. The pump station will 
operate normally (with at least one pump) while the site power is supplied from the generator. Depending on 
the capacity of the generator the station may have to be further interlocked to a limit of one pump. 

NOTE: The on site technician is required to remain on site while the generator is connected and running, to 
ensure the safety of the public as the generator connection are temporary and are not secured. 

An optional upgrade to a pump station is to have a semi-permanently connected generator which 
automatically runs the station on generator supply following an Energex power failure. This upgrade 
provides an automatic transfer switch (ATS) to disconnect Energex and connect the generator. Extra 
physical LO and IDTS alarms are configured in the RTU to proVide full feedback on the status of the semi- 
permanent generator. 

2.5.3 Pump Availability 
All electrical fault and interlock conditions pertaining to a particular pump must be healthy before that pump 
can be run. A pump is considered 'available' if all these conditions are met. The PLC will only command a 
pump to run if it is available. If a pump becomes unavailable at any time while the pump is running, it will 
stop immediately. 

Any one of the following on site fault conditions will make the pump unavailable. 

Site mains power fail - Switchboard does not have 415V mains power supplied 
Pump well flooded trip - The pump dry well has flooded above the trip level 
Pump mains power fail - Pump does not have 240V control power supplied 
Pump fail . - Pump has failed to start 
Pump VFD not in Auto - Pump is in Keypad control 
Pump VFD fault - Pump VFD motor protection has activated 
Pump VFD fault Count Exceeded - Three or more faults in the last 8 hours 
Pump emergency stop input faulted - Push button has been pressed 
Pump emergency stop fault latched - Emergency fault has not been reset 

The functional descriptions of these conditions are described under section 4.6 Alarm and Event Description 

To ensure that there is redundancy in the number of pumps available, each pump station is designed to 
require only one pump to run under dry weather conditions. If one pump becomes unavailable, the another 
pump will become the duty pump until such time as the unavailable pump is once again available for duty 
rotation. 

As a feedback indicator for the control room operator, the sewer pump displayed on the IDTS master station 
has a red inner circle if it is unavailable. 

If all pumps become unavailable, then the station will not run any pumps and contingency measures are 
initiated by the control room operator to ensure that no surcharge occurs. 
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3, SITE SPECIFIC VALUES 
Although each pump station is built according to a standard, there are variables which are site specific and 
must be programmed directly into the PLC code. This is achieved by an initialisation block in which all the 
site specific values are loaded with an initial value. The code for each site is identical except for this 
initialisation block. This initialisation block is divided into two distinct sections: 

1. Site specific Constants 
2. Site specific Variables 

The site specific constants are internal parameters of the code and can be directly written to by a move 
command. The site specific variables are also adjustable by the control room operator, an operate block is 
used to 'load' a default value into these pseudo inputs. Most constant values are listed as 'site specific', but 
where a default value is commonly used its' value is listed in the table below. 

3.1 Site Specific Constants defined in PLC 
Description [ Type I Value Units 
Sewerage Pumping Station 
Minimum time between starts for each pump Integer 

Integer 
300 
30 

Sec 
Sec Fail to start/stop timer 

Minimum time 'all pumps inhibited' run is active. Integer 120 Sec 
Surcharge pumping duration 3 Integer Site Spec Sec 
Delivery flow 
Delivery flow - Range Real 

Real 
Site Spec 
Site Spec 

Us x 100 
1/s x 100 Delivery flow - Minimum flow 

Delivery pressure 
Delivery pressure - Range Real Site Spec 

Site Spec 
mmAHD 
mmAHD Delivery pressure - Elevation of the transducer Real 

Pump Blockage 
How blocked limit for flow/level PID control (knee) Integer 

Integer 
Site Spec 
Site Spec 

Us x 100 
Hz x 100 VFD speed blocked limit for flow/level PID control (knee) 

VFD speed blocked limit for minimum flow PID control (min) Integer Site Spec Hz x 100 

Wet well level 
Wet well level range Integer Site Spec mmAHD 
Wet well surcharge occurring level Integer Site Spec mmAHD 
Wet well surcharge imminent level Integer 

Integer 
Integer 
Integer 
Integer 

Site Spec 
Site Spec 
Site Spec 
Site Spec 
Site Spec 

mmAHD ' 
mmAHD 
mmAHD 
mmAHD 
mmAHD 

Wet well inhibit mode start level 
Wet well inhibit mode stop level 
Wet well duty B pump start level 
Wet well duty A pump start level 
Wet well duty A pump stop level Integer 

Integer 
Integer 

Site Spec 
Site Spec 
Site Spec 

mmAHD 
mmAHD 
mmAHD 

Wet well duty B pump stop level 
Wet well empty level (4mA of Probe) 
Variable Frequency Drive 
Variable Frequency Drive - Minimum Speed Integer Site Spec Hz x 100 
Variable Frequency Drive - Maximum Speed Integer Site Spec Hz x 100 

3.2 Site Specific Constants defined in RTU 
Tag Name Description I Type Value Units. 
Sewerage Pumping Station 
atn !duration Attention alarm duration Integer 

Integer 
Integer 

15 

3600 
600 

min 
sec 
sec 

stn lcalFltDelay Delay wet well calibration fault on start up 
Battery check test duration 2 rtu I BattChkDur 

stelpercent Percentage value of analog alarm hysteresis Real 1.0 % 

Delivery flow . 

flw I almInhibitTm Delivery flow - Alarm inhibit timer Integer .15 sec 
Delivery pressure 
prelalmInhibitTm Delivery pressure - Alarm inhibit timer I Integer I 15 I sec 
Wet well level 
wwIlsurchLvIVol Wet well volume at surcharge level Real r Site Spec kl 

Pumps 1 - 3 
Pmp[x]altrilnhPwrTm Pump [x) - Motor power alarm inhibit timer. Integer 

Integer 
Real 

15 

15 

Site Spec 

sec 
sec 
Amps 

pmplx]almInhCrntTm Pump [x] - Motor current alarm inhibit timer. 
Pump [x] - Motor current range pmpixlcurrRande 
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3.3 Site Specific Variables defined in RTU 
Tag Name I Description ' - I Type I Value I Units 
Wet well level 
wwllhighLimit Wet well level - High alarm set point Integer Site Spec. mmAHD 
wwl ilowLimit Wet well level - Low alarm set point Integer Site Spec. mmAHD 
Delivery flow - 

flw I highLirnit Delivery flow - High alarm set point Integer Site Spec. 
_ 

!Ws 
flwl lowLimit Delivery flow - Low alarm set point Integer Site Spec. nilis 
Delivery pressure 
pre I highLimit Delivery pressure - High alarm set point Integer Site Spec. mmAHD 
pre I iowLimit Delivery pressure - Low alarm set point Integer Site Spec. mmAHD 
Pumps 1 - 3 

pmp[x]currHiLimit Pump [x] - Motor current high alarm set point' . 

Pump [x] - Motor current low alarm set point 5 

Integer 
Integer 

Site Spec. 
Site Spec. 

rnAmps 
mAmps pmp[x]currLoLimit 

pmp[x]powHiLimit Pump [x] - Motor power high alarm set point Integer Site Spec. Watts 
pmp[x]powLoLimit Pump [x] - Motor power low alarm set point Integer Site Spec. Watts 

Notes 
1. Upon start-up a delay of 1 hour ensures that, if PLC/RTU initialises while the level is above the 

surcharge imminent level, the station has adequate time to pump the level back to within normal 
operating levels. This prevents invalid 'calibration fault' alarms from being triggered. 

2. The battery test checks that the battery is able to provide backup power long enough (ten minutes) after a 
station mains fail to send the station mains fail alarm back to the IDTS master station. 

3. The surcharge pumping duration is calculated as half the time taken to pump from surcharge imminent 
level to the dutyA stop level under normal dry weather conditions. 

4. The current high alarm set point is configured to detect high current reading which is a symptom of a 
jammed pump. 

5. The current low alarm set point is configured to detect a low current reading which is a symptom of an 
air locked, a worn pump or a blocked pump. 
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4 . ALARMS AND EVENTS 

4.1 Introduction 
Acquisition of data from the site is performed by the IDTS master station regularly "polling" the RTU once 
every hour. When this poll occurs the current status of all digital and analog values are transmitted to the 
IDTS master station. Additionally, time stamped historical values for selected points may also be uploaded. 
(This information is used for trending purposes). 

The regular polling routine is overridden by an "Alarm call" message generated by the RTU if a "significant' 
point changes state at the site. An "Alarm call" is a short message sent to the IDTS Master station requesting 
an immediate communication with the site. The master station then schedules a "poll" 

1. Significant : Alarm call the master station on change of state or prescribed deviation 
2. History : Time stamp events in the RTU at the prescribed frequency and deviation 

The RTU communicates to the IDTS master station via a communication channel, typically the Trio radio 
network. To conserve the radio channel bandwidth the RTU only priority 1 alarms are set up to be 
significant points. 

Sewerage Pumping Station 

Fq 
a4 

Significant 

History 
ca 

1:4 Communications 
Channel 

IDTS Master Station 

Priority 1 

Priority 2. 

Priority 3 

Priority 0 

Figure 6 Radio Communication Channel 

4.2 Alarm and Event Definitions 
All Boolean signals sent back to the IDTS master station are given an alarm priority classification which will 
determine weather they are alarms or events. These priorities are as follows: 

Priority 1 Alarm Immediate action 
Priority 2 Alarm Action next calendar day 
Priority 3 Alarm Action next working day 
Priority 0 Event No Action required 

4.2.1 Alarms 
As the definition of a Priority 1 alarm is that immediate action is required. All Priority I alarms are 
classified as significant. Any change of state triggers an alarm call from the RTU to the IDTS master station 
requesting an immediately poll of the RTU. All other non-significant alarms/events which are configured for 
history are time stamped and placed in the RTU history to be uploaded when: 

the RTU is polled by the IDTS or 
the buffer becomes full or 
a priority 1 alarm occurs causing all the buffer contents to be sent. 

NOTE: The MITS MD3311 RTU's synchronise their time with the master station using a UNIX time 
routine. 
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The alarm priority class is shown by colour in the control room operator's alarm page picture on the IDTS. 
The IDTS SCADA alarms are filtered by priority class, then by the time stamp. A log file records the time 
and date of the activation and deactivation of alarms at the RTU. 

NOTE: Alarms which have an initial state of 'TRUE' (i.e. Available) should be initialised as TRUE in the 
point configuration of ISaGRAF to avoid erroneous alarm on the first scan of the RTU. 

4.2.2 Events - 

Events are actions recorded by the RTU, which are not in an alarm category, for example pump running 
(start/ stop action). The events are stored in the RTU history with a time and date stamp and are transmitted 
to the IDTS master station with the priority 2 and 3 alarms. To avoid multiple alarms for a single. pump 
fault, all pump faults have been classified as events. They all trigger the pump available alarm, which is a 
priority 1 alarm. 

4.3 Alarm instructions 
Each event or alarm that requires an action from the control room operator is provided with an 'Alarm 
Instruction'. This 'alarm instruction' is in the form of a text file that is associated with all alarms and events. 
A typical action may be to send an electrician to the site or to order a sewerage tanker. Refer to Section 6.5 
IDTS Alarm Instructions for an example of an alarm instruction file. 
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4.4 Alarm Suppression 
An alarm's primary function is to notify the control room operator that an abnormal situation exists at a 
sewerage pump station. The Brisbane Water operational instructions for each sewerage site determine the 
action the control room operator takes in response to an alarm. To avoid consequential alarming (one fault 
condition triggering multiple alarms at the IDTS SCADA system) alarm suppression is used on secondary 
alarms. All alarm suppression is performed in the RTU therefore modification to the RTU code is required 
to alter the suppression of any alarms. 

4.4.1 Local Mode 
When the station is switched to local mode, the site is under control of the on site technician. An alarm is 
triggered at the LDTS SCADA system to indicate the station is in local control. All pump alarms are 
suppressed as the on site technician has assumed responsibility for the station. Surcharge imminent, based 
on the wet well level, is also suppressed to avoid triggering Surcharge pumping mode during the 
maintenance of the Vega probe. The wet well level alarms of wet well high, surcharge imminent (triggered 
by the surcharge imminent electrode), and surcharge occurring are not suppressed in local mode. 

4.4.2 Station Mains Fail 
The main consequential alarm condition is Site Power Fail. If site power fails the following secondary 
alarms are suppressed: 

RTU Mains Fail . 

. Sewer pump not available 
Sewer pump motor power 
Current Invalid 
Delivery pressure Invalid 
Flow Invalid 

4.4.3 All Pumps Inhibited 
When the 'all pumps inhibited' mode is active, the wet well high alarm is suppressed, since the normal wet 
well level in inhibit mode is above the wet well high point. 

4.4.4 Wet Well Invalid 
If the wet well level becomes invalid, the wet well 'low and high alarm, surcharge imminent based on wet 
well level and surcharge occurring alarms are suppressed. 
NOTE: As the wet well level is backed up by the battery - the site power does not suppress the invalid 
alarm. 

4.4.5 Signal Invalid Alarm 
Any analog signal (delivery pressure) not backed up by the RTU battery has its invalid alarm suppressed by 
the station mains power input. The signal high and low alarms are suppressed by both the signal invalid 
alarm and the station mains power input. 

4.4.6 Alarm Suppression Tree 
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Figure 7: Alarm Suppression Tree 
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4.5 Alarm and Event Listing 

Table 5: Priority 1 Alarms 

Plant Quantity Desig Alarm Description 
Plc Abnormal_operation l Abnormal operation of PLC 
Plc Comms_fault I Modbus communications to PLC has failed 
Rtu Abnormal_operation I Abnormal operation of RTU 
Rtu Battery I RTU power failure (battery) 
Rtu Heartbeat I RTU heartbeat to IDTS has failed 
Rtu Mains_fail I RTU power failure (mains) 
Power_supply Surge_diverter_fault 1 Surge Diverter fault 
Sewage_pumping_station Local_remote I Station in local mode 
Sewage_pumping_station Mains_fail I Site main power fails 
Sewer pump Available 1-3 Pump unavailable 
Sewer pump Blocked 1-3 Pump blocked 
Wet_well Level invalid I Wet well measuring instrument faulted 
Wet_well High 1 Wet well level rises above a high alarm level 
Wet_well Surcharge_imminent 1 Wet well level reaches the surcharge imminent level 
Wet_well Surcharge_occuring 1 Wet well level reaches the surcharge occurring level 

Table 6: Priority 2 Alarms 

Plant Quantity Desig Alarm Description 
Sewer_pump Inhibit Fbk 1-3 Pump 1 inhibited by control room operator 
Security Door_limit_switch 1 One or more of the switchboard doors is open 

Table 7: Priority 3 Alarms 

Plant Quantity Desig Alarm Description 
Wet_well Low 1 Wet well level is low 
Wet_well Calibration_fault I Wet well level calibration fault 
Pressure_gauge High 1 Delivery pressure high 
Pressure_gauge Low I Delivery pressure low 
Pressure_gauge Invalid I Delivery pressure invalid 
Flow_meter High I Delivery flow high 
Flow_meter Low I Delivery flow low 

- Flow_meter Invalid 1 

. 
Delivery flow invalid 

Variable_speed_drive Automatic_reset 1-3 VFD starter fault has reset automatically 
Variable_speed_drive Speed_invalid 1-3 VFD speed feedback is invalid 

Table 8: Events (Priority 0 Alarms) 

Plant Quantity Desig Alarm Description Alarm 
Attention Automatic_reset 1 Site attention indication has automatically reset N/A 
Rtu Battery_test_failed I Battery test has failed N/A 
Rtu Battery_test_inprogress I Battery test is in progress N/A 
Power supply Generator_online 1 Generator is Running N/A 
Power supply Main_incomer CB_closed 1 Main Incomer CB is closed N/A 
Sewer_pump Emergency_stop_fault 1-3 Pump Emergency stop active Pump Avail 

Pump Avail Sewer_pump Fault 1 -3 Pump Failed to start or stop 
Sewer_pump Mains_power 1-3 Pump Mains power fault Pump Avail 
Sewer_pump Moisture_in_oil_fault 1-3 Pump Moisture in oil fault Pump Avail 
Sewer_pump Motor_power_high 1-3 Pump motor power high N/A 
Sewer pump Motor_power_low 1-3 Pump motor power low N/A 
Sewer pump Motor_current_high 1-3 Pump motor current high N/A 
Sewer_pump Motor_current_low 1-3 Pump motor current low N/A 
Sewer_pump Running 1 -3 Pump Running N/A 
Variable_speed_drive Auto 1 -3 VFD starter not in keypad mode Pump Avail 
Variable_speed_drive Count_exceeded 1-3 VFD starter faults exceeds maximum allowed Pump Avail 
Variable_speed_drive Fault 1-3 VFD starter fault Pump Avail 
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4.6 Alarm and Event Description 

4.6.1 Attention 
The following alarms and events are associated with the Attention Command 
Plant Quantity Priority 
Attention Automatic reset 

Automatic Reset 
The site attention control controls a indication lamp or strobe light at the RTU site. The control room 
operator is able to initiate and cancel the "attention indication" from the work stations. The on site 
technician will be required to contact the control room operator by radio or telephone when they see the 
alarm lamp/strobe. 

Once activated, the attention alarm shall remain on for a period of 15 minutes. If it is not acknowledged it is 
then reset automatically. The attention indication can be acknowledged by the on site technician pushing the 
local 'attention acknowledge' pushbutton. An alarm flag is returned to the IDTS master station if the site 
attention was reset automatically. 

4.6.2 Flow meter 
The following alarms and events are associated with the delivery flow meter. 

Plant Quantity Priority 
3 Flow_meter High 

Flow_meter Low 3 

Flow_meter Invalid 3 

The delivery flow meter low alarm is only checked when station power and the invalid alarms are healthy. It 
will be active at all times but when a pump starts the alarms will be inhibited for a period determined by the 
flow meter alarm inhibit time (default 15 seconds). This ensures that any instability caused by the pump 
starting has dissipated. 

Invalid 
The signal is deemed invalid if it is 

Less than (4mA - dead band) or greater than (20mA 1- dead band) for 2 seconds. 

Once the invalid alarm has been activated it can only be reset when the signal is both greater than 4mA and 
less than 20mA for 30 seconds. The time delays ensure that a signal is truly invalid before an alarm is set 
and that it is stable before it is reset. The dead band is calculated using the site invalid hysteresis value 
multiplied by the range. 

Low Alarm 
If all the alarm conditions are satisfied then the flow low alarm is activated if the signal is less than the low 
limit set point. It is deactivated if any of the above conditions become false or the signal is greater that the 
low limit set point plus the dead band. The dead band is calculated using the alarm hysteresis value 
multiplied by the range. 

High Alarm. 
If all the alarm conditions are satisfied then the flow high alarm is activated if the signal is greater than the 
high limit set point. It is deactivated if any of the above conditions become false or the signal is less that the 
high limit set point minus the dead band. The dead band is calculated using the alarm hysteresis value 
multiplied by the range. 
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4.6.3 Pressure Gauge 
The following alarms and events are associated with the delivery pressure gauge. 

Plant Quantity Priority 
Pressure_gauge High 3 . 

Pressure_gauge Low 3 

Pressure_gauge Invalid 3 

The high and low alarms are only checked when station power and the invalid alarms are healthy and a pump 
has been running for the pressure alarm inhibit time (defatilt 15 seconds). This ensures that any instability 
caused by the pump starting has dissipated. 

Invalid 
The signal is deemed invalid if it is 

Less than (4mA - dead band) or greater than (20mA + dead band) for 2 seconds. 

Once the invalid alarm has been activated it can only be reset when the signal is both greater than 4mA and 
less than 20mA for 20 seconds. The time delays ensure that a signal is truly invalid before an alarm is set 
and that it is stable before it is reset. The dead band is calculated using the site invalid hysteresis value 
multiplied by the range. 

Low Alarm 
If all the alarm conditions are satisfied then the pressure low alarm is activated if the signal is less than the 
low limit set point. It is deactivated if any of the above conditions become false or the signal is greater that 
the low limit set point plus the dead band. The dead band is calculated using the alarm hysteresis value 
multiplied by the range. 

High Alarm 
If all the alarm conditions are satisfied then the pressure high alarm is activated if the signal is greater than 
the high limit set point. It is deactivated if any of the above conditions become false or the signal is less that 
the high limit set point minus the dead band. The dead band is calculated using the alarm hysteresis value 
multiplied by the range. 

4.6.4 Security 
The followine alarms and events are associated with the Security. 
Plant Quantity Priority 
Security Door_limit_switch 2 

Door Limit Switch 
This alarm indicates that someone authorised or not, has opened a switchboard door. All the doors of the 
switchboard have a limit switch to indicate the status of that door. All of these limit switches are wired in 
seriesto give a combined signal which indicates whether all the docirs are closed or at least one door is open. 
This signal is fed back directly to give a status indication of all the doors on the switchboard to the control 
room operator. 
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4.6.5 Switchboard Power Monitoring 
The switchboard at a sewerage pumping station has multiple points of isolation and failure. There are 
various monitoring relays and circuit breaker status inputs to determine the power status for the entire 
switchboard. 
The following alarms and events are poWer alarms associated with the switchboard (refer to Figure 8: 
Example of Switchboard Power Monitoring Diagram, to locate the point of failure for the switchboard). 

Drawing ID Plant Quantity Priority 
1 Sewage_pumping_station Energex_power I 

2 Power_supply Main_incomer_CB_closed 0 

I &2 Power_supply Generator_online 0 
3 Sewage_pumping_station Mains_fail 1 

4 Power_supply Surge_diverter_fault 1 

5 Rtu Battery I 

6 Rtu Mains_fail 
7 & 8 Sewer_pump Mains_fail ' 0 

ER * SIMPLY 
3 PK% Me ;WV 

e 
Figure 8: Example of Switchboard Power Monitoring Diagram 
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Energex Power - 

If the power monitoring relay on the Energex side of the main incomer is indicating a fault then after a 120 
seconds delay, the Energex power signal will be set to the fault state. This signal is used to determine if the 
Energex power is healthy while the station is running on a generator. The 120 second delay is used to 
eliminate alarms due to brown outs and momentary losses of power. 

Main Incomer Circuit Breaker Closed 
This event is a direct feedback of the digital input indication the status of the main incomer circuit breaker. 

Generator Online 
The main incomer circuit breaker is interlocked with the generator circuit breaker, only one can be closed at 
any given time. If the main incomer circuit breaker is not closed and the station still has mains power then, 
the station must be powered by the generator. Therefore after a 5 second delay, the generator online status is 
activated. 

Station Mains Fail 
If the power monitoring relay on the station side of the main incomer is indicating a fault then after a 15 

seconds delay, the Mains fail signal will activated. This signal is used to determine if station has power, 
from either the line side of the main incomer or from the generator. The 15 second delay is to eliminate 
alarms due to brown outs and momentary losses of power. 

Surge Diverter Fault 
The surge diverter has a healthy status fed back to the RTU. If this signal indicates a fault, and the site 
power is still active, then after a 2 second delay the surge diverter fault is activated. 

RTU Mains Fail 
If the circuit breaker feeding the 240VAC to 24VDC power-supply is tripped, and the station mains power is 
healthy, then after a 15 seconds delay, the RTU mains fail alarm is activated. 

Pump Mains power 
If the pump control power is faulted and the station mains fait is healthy, then after a 2 second delay, the 
pump mains power is set to the fault condition. 

Battery (Fault) 
This alarm indicates whether the power supply has a healthy battery system connected and that the batteries 
are adequately charged. If the battery system signal is in the fault state {and the battery check is not in 
progress) then the RTU Battery signal becomes faulty after a 20 second delay. 

4.6.6 Station Mode 
The following alarms and events are associated with the Mode of the switchboard 
Plant Quantity Priority 
Sewage_pumping_station Local_remote 

Local Remote 
When the station is turned into local mode it ceases to be autonomous and can no longer be controlled by the 
control room operator. The pumps can only be started and stopped locally by the on site technician. 

The status of the local remote switch is sent back directly to the control room operator. This signal is a 
priority one alarm to immediately inform the control room operator that the station is no longer running 
under automatic control. 
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4.6.7 Sewer Pump 
The following alarms and events are associated with the sewage pump. 
Plant Quantity Priority 
Sewer_pump Available 1 

Sewer_pump B locked 1 

Sewer_pump Emergency_stop_fault 0 
Sewer_pump Fault 0 
Sewer_pump Inhibit_Fbk 2 

Sewer_pump Mains_power 0 

Sewer_pump Moisture_in_oil_fault (optional) 0 
Sewer_pump Motor_power_high 3 

Sewer_pump Motor power_low 3 

Sewer_pump Motor_current_high 3 

Sewer_pump Motor_current_low 3 

Sewer_pump Running 0 
Variable_speed_drive Auto 0 
Variable_speed_drive Automatic_reset 3 

Variable_speed_drive Count_exceeded 0 
Variable_speed_drive Fault 0 
Variable_speed_drive Speed_invalid 0 

Available 
The pump considered available only when all of the following conditions are not present: 

Site mains power fail - Switchboard does not have 415V mains power supplied 
Pump mains power fail - Pump does not have 240V control power supplied 
Pump fail - Pump has failed to start 
Pump VFD not in Auto - Pump is in Keypad control 
Pump VFD fault - Pump VFD motor protection has activated 
Pump VFD fault Count Exceeded - Three or more faults in the last S hours 
Pump emergency stop input faulted - Push button has been pressed 
Pump emergency stop fault latched - Emergency fault has not been reset 

As the emergency stop fault is latched and has a 2 second delay, both the emergency stop input and the 
emergency stop fault are needed to ensure the pump becomes unavailable and stops immediately when the 
emergency stop button is pressed. It also ensures that although the emergency stop button may be unlatched, 
the emergency stop fault must be reset by the on site technician before the pump can start. 

The availability alarm is suppressed by the station mains power fault condition and the station being in local 
mode. The pump must also be unavailable for 15 seconds before the alarm is sent to the IDTS master 
station. All the conditions which make the pump unavailable are event and can be easily identified by the 
control room operator by listing the abnormal points for the station. 

Running 
The pump running status input is directly fed back to the sewer pump running indication signal to the IDTS 
master station. 

Emergency Stop Fault 
If the emergency stop input becomes faulty and the station mains power is still healthy then, after a 2 second 
delay, the emergency stop fault is activated. Once activated, the emergency stop button must be unlatched 
and then the on site technician must press the local reset button. 

Fault 
The sewer pump fault flag is activated by the pump failing to start or failing to stop. If the pump is 
commanded to start or stop and the running indication does not match the running command, then after a site 
specific time period, the pump fault will become active. The time period is dependant on the ramp up and 
ramp down period of the VFD. (Default 30 seconds). 
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Moisture in Oil (Optional) 
If the moisture in oil relay is in the fault condition and the station mains fail is healthy, then after a 2 second 
delay, the pump moisture in oil fault is activated. The moisture in oil relay is only installed on pump motors 
which are 22kW or greater in size. 

Pump Blockage 

Pump Blockage is designed to identify a possible blockage in an individual pump. 

The pump blockage alarm is set if the pump is running individually in remote and for longer than a certain 
time period either: 

1. The speed is too high for producing the minimum flow or 
2. The flow is lower than the 'blocked flow rate limit' while the pump speed is greater that the 'blocked 

speed limit'. 

The first condition will ensure that the pump does not speed up continuously to meet the minimum required 
flow rate. The second condition has site specific set points, which ensure that, while flow rate is above the 
minimum required, the speed to achieve this is not excessive. Two conditions are required so that the pump 
blockage can be determined in both low flow and peak flow conditions. 

Once the pump blockage alarm is set for a pump is can be reset by the on site technician pressing the local 
reset button or the control room operator sending a remote reset (if the station is in remote mode). 

It is not desirable to run a blocked pump as it may damage the pump. To ensure that a pump which has a 
potential blockage does not run unnecessarily, the pump blockage alarm effectively Inhibits' the blocked 
pump from running. (refer to section 2.1.3 All Pumps Inhibited / Blocked Mode and Individual Pump Inhibit 
/ Blocked). If all the pumps are either blocked or inhibited, then the inhibited pumps will be given 
preference to run. 

Motor Current High and Low Alarms 
The pump current high and low alarms are only checked when station power is healthy and the pump has 
been running for the pump alarm inhibit time (default 15 seconds). This ensures that any instability caused 
by the pump starting has dissipated. 

If all the above conditions are satisfied then the high alarm is activated if the signal is greater than the high 
limit set point. It is deactivated if any of the above conditions become false or the signal is less that the high 
limit set point minus the dead band. The dead band is calculated using the alarm hysteresis value multiplied 
by the range. A high alarm is indicative of a jammed pump or a pump motor fault. 

If all the above conditions are satisfied then the low alarm is activated if the signal is less than the low limit 
set point. It is deactivated if any of the above conditions become false or the signal is greater that the low 
limit set point plus the dead band. The dead band is calculated using the alarm hysteresis value multiplied by 
the range. A low alarmis indicative of an air locked pump or a blocked pump. 

Motor Power High and Low Alarms 
The pump power high and low alarms are only checked when station power is healthy and the pump .has 
been running for the pump alarm inhibit time (default 15 seconds). This ensures that any instability caused 
by the pump starting has dissipated. 

If all the above conditions are satisfied then the high alarm is activated if the signal is greater than the high 
limit set point. It is deactivated if any of the above conditions become false or the signal is less that the high 
limit set point minus the dead band. The dead band is calculated using the alarm hysteresis value multiplied 
by the range. 

If all the above conditions are satisfied then the low alarm is activated if the signal is less than the low limit 
set point. It is deactivated if any of the above conditions become false or the signal is greater that the low 
limit set point plus the dead band. The dead band is calculated using the alarm hysteresis value multiplied by 
the range. 
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Variable Frequency Drive Auto 
Direct feedback of the digital input status to indicate whether the VFD is on auto or keypad control. 

Variable Frequency Drive Fault 
If the variable frequency drive fault input becomes active and the station mains power is healthy and the 
emergency stop button has not-been pressed, then after a 2 second delay, the variable frequency drive fault 
signal is activated. Once activated, the variable frequency drive fault input must clear before the fault signal 
can be reset. 

The fault signal can be reset by the on site technician pressing the local reset button, the control room 
operator sending a remote reset (if the station is in remote mode) or by an automatic reset. All these three 
resets will activate the reset relay for 2 seconds, which sends a physical reset command to the variable 
frequency drive. 

Variable Frequency Drive Fault Automatic Reset 
Once the variable frequency drive fault input becomes healthy, to avoid the unnecessary unavailability of the 
sewer pump, the latched variable frequency drive fault signal will be reset automatically after the variable 
frequency drive fault reset delay time (default 20 minutes). 

Variable Frequency Drive Fault Count Exceeded 
The purpose of the fault count exceeded alarm is to prevent a reoccurring variable frequency drive fault 
being continuously reset automatically. 

The fault count exceed signal is activated if 3 automatic resets have occurred in the last 8 hours. This signal 
can only be reset by the on site technician pressing the local reset button or by the control room operator 
sending a remote reset (if the station is in remote mode). 

Variable Frequency Drive Speed Invalid 
The signal is deemed invalid if it is 

Less than (4mA - dead band) or greater than (20mA + dead band) for 2 seconds. 

Once the invalid alarm has been activated it can only be reset when the signal is both greater than 4mA and 
less than 20mA for 20 seconds. The time delays ensure that a signal is truly invalid before an alarm is set 
and that it is stable before it is reset. The dead band is calculated using the site invalid hysteresis value 
multiplied by the range. 

4.6.8 Wet Well 
Plant Quantity Priority 
Wet_well Level_invalid 
Wet_well Low 3 

Wet_well High l 

Wet_well Surcharge_imminent l 

Wet_well Surcharge_occuring l 

Wet_well Calibration fault 3 

As the Vega wet well probe takes a few seconds to initialise, all the wet well alarms except for invalid, are 
suppressed for 10 seconds upon RTU start up 

Invalid 
The signal is deemed invalid if it is 

Less than (4mA - dead band) or greater than (20mA + dead band) for 1 second. 

Once the invalid alarm has been activated it can only be reset when the signal is both greater than 4mA and 
less than 20mA for 20 seconds. The time delays ensure that a signal is truly invalid before an alarm is set 
and that it is stable before it is reset. The dead band is calculated using the site invalid hysteresis value 
multiplied by the range. 
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Low Alarm 
A low alarm indicates that the wet well level may be lower than the intake for the pump. This puts the pump 
at risk of air locking. An air locked pump must be primed by an on site technician to make it available to 
run. 

If the signal is valid and the start up delay has expired then the low alarm is activated if the signal is less than 
the low limit set point. It is deactivated if any of the above conditions become false or the signal is greater 
that the low limit set point plus the dead band. The dead band is calculated using the alarm hysteresis value 
multiplied by the range. 

High Alarm 
A high alarm indicates that the wet well level is above the normal operating range of the punip station and 
that the inflow is higher than the current pumping capacity of the station. The control room operator must 
now initiate contingency plans to minimise the possibility of a surcharge. 

If the signal is valid and the start up delay has expired then the high alarm is activated if the signal is greater 
than the high limit set point. It is deactivated if any of the above conditions become false or the signal is less 
that the high limit set point minus the dead band. The dead band is calculated using the alarm hysteresis 
value multiplied by the range. 

Surcharge Imminent Alarm 
The surcharge imminent alarm is a final warning to the control room operator that the site is at immediate 
risk of surcharging. This serves as a reminder to the control room operator in implementing the contingency 
plans. It also provides a statistical count of all sites that came close to surcharging. 

As this alarm is triggered by the surcharge imminent electrode, it also provides a redundancy to the wet well 
high alarm that the Vega probe should activate. The surcharge imminent alarm is the first alarm that the 
control room operator receives if the wet well level Vega probe is not functioning correctly. 

The surcharge imminent alarm is primarily activated by the surcharge imminent electrode inpUt. When this 
signal is active for 10 seconds then the surcharge imminent alarm is activated. To prevent repetitious alarms 
due to wave action the signal is kept active for 1 minute after the surcharge imminent electrode deactivates. 

As a backup, a valid wet well level signal exceeding the surcharge imminent level by 100mm, for 10 
seconds, will also trigger the surcharge imminent alarm while the station is in remote mode. This 100mm is 
ignored during power outages. 

The surcharge imminent electrode is 24VDC and is backed up by the battery system. On all previous 
installations for IIWT sites the surcharge imminent electrode has been powered by mains power and was not 
backed up by the batted 

Surcharge Occurring Alarm 
This alarm is the final alarm that the control room operator will receive as the wet well level rises until it 
overflows. This alarm is used to calculate the duration of the surcharge event (surcharge duration). 

When the wet well level is greater than or equal to the surcharge level minus 25 mm the surcharge occurring 
signal is activated. To prevent repetitious alarms due to wave action the signal is kept active for 1 minute 
after the wet well level falls below the surcharge occurring level. 

Wet Well Calibration Fault 
The wet well calibration fault is activated one of two ways. The first is if the surcharge imminent electrode 
is activated while the wet well level (reading on the Vega probe) is more than 100mm below the surcharge 
imminent level. The second is if the wet well level (reading on the Vega probe) reaches 100mm above the 
surcharge imminent level without the surcharge imminent electrode being activated. . 

Both of these methods are inhibited for 1 hour after the RTU intitialises. This prevents the alarm raised if on 
power up the wet well level is already above the surcharge imminent level. To reset the calibration fault 
signal the control room operator sends a calibration fault reset command from the IDTS master station. 
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4.6.9 RTU and PLC 
The following alarms and events are associated with the RTU. 
Plant Quantity Priority 
Rtu / Plc Abnormal_operation 
Rtu Heartbeat_failed I 

Pic Comms_fau It I 

Rtu Battery restfailed 3 

Rtu Battery test_inprogress 0 

Abnormal Operation 
An abnormal operation alarm identifies when the RTU or PLC operating system program has restarted. This 
restart is determined by the presence of the 'first scan' flag. A first scan can occur when the RTU has reset 
itself due to a fault condition. Any abnormal operation should be investigated by a technical officer from the 
Networks Control Systems (NCS). 

As downloading the code by a technical officer also causes a first scan, the technical officer can turn the 
station to local to suppress and/or reset this alarm. The alarm can also be reset by control room operator 
using the RTU abnormal operation reset command from the IDTS master station. 

Heartbeat failed 
A counter increments every 1 minute and is sent to the IDTS master station. The IDTS master stations then 
checks that this `heartbeat'- figure has incremented every time the site has polled. If it has not, then a 
heartbeat failed alarm is by the IDTS master station to alert the control room operator that the RTU has 
stopped operating. 

PLC Comms Fault 
The Modbus communication fault is determined by a watchdog counter which is passed back and fourth 
from the RTU and the PLC and incremented on each pass in the PLC. If the RTU does not register an 
increment in any given 30 second time period, then a communication fault alarm is activated. 

Battery Test in Progress 
The battery test is used to check the state of the battery system. When a battery test is initiated, the battery 
test output relay is. driven to disconnect the RTU power supply, from mains power for 10 minutes. During 
this test, and while the station and RTU mains power signals are healthy and the battery system signal is 
healthy, the battery test in progress signal is active. 

Battery Test Failed 
A battery test failed alarm indicates that the batteries have failed their test and need to be replaced. The 
battery test failed signal is activated if the battery test in progress is deactivated because the battery system 
signal is in the fault state. This alarm is latched until a new battery test is activated or a battery test failed 
reset signal is sent by the control room operator. 
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5 CALCULATIONS 
The RTU performs calculations for both the controls of the station and for analytical analysis of the station's 
performance. The calculated values are stored in ordinary RTU memory and are lost when the RTU restarts. 
The calculated values are sent back periodically to the IDTS SCADA system and stored in the history 
database. Access to this information is via the operators control station or a casual use work station. All the 
control variables are also sent back to the IDTS SCADA system as feedback points to allow the control room 
operator to view the current control parameters. 

5.1 Calculated Values 
Plant Quantity Desig Alarm Description 
Flow_meter Flow_rate 1 Delivery flow rate in Vs 

Flow_meter Volume 1 Daily volume in kL 
Flow_meter Volume_yesterday 1 Daily volume for past 24 hrs in kL 
Pressure_gauge Pressure_mand 1 Delivery Pressure in mAHD 
Pressure_gauge Pressure_kpa I Delivery Pressure in kpa 
Rtu Battery_discharge_time 1 Time taken for Battery to discharge during test 
Rtu Site_id 1 Network Address of RTU 
Sewer_pump Hours_run 1-3 Hours run for pump running by itself since midnight 
Sewer_pump ' Hours_run_yesterday 1-3 Hours run for pump by itself yesterday 
Sewer_pump Hours_run_12 1 Run hours of pumps l&2 operating since midnight 
Sewer_pump Hours_run_12_yesterday 1 Run hours of pumps 1&2 operating yesterday 
Sewer_pump Hours_run_13 1 Run hours of pumps 1&3 operating since midnight 
Sewer_pump. Hours_run_13_yesterday 1 Run hours of pumps 1&3 operating yesterday 
Sewer_pump Hours_run_23 1 Run hours of pumps 2&3 operating since midnight . 

Sewer_pump Hours_run_23_yesterday I Run hours of pumps 2&3 operating yesterday 
Sewer_pump Motor_current 1-3 Motor current 
Sewer_pump Motor_power 1-3 Motor power 
Sewer_pump Number_of starts 1-3 Number of starts for pump since midnight 
Sewer_pump Number_of starts_yesterday 1-3 Number of starts for pump yesterday 
Sewer_pump Total_kWHrs 1-3 Total kWHrs for pump since midnight 
Sewer_pump Total_kWHrs_yesterday 1-3 Total kWHrs for pump yesterday 
Sewer_pump Total outflow 1 -3 Total outflow for pump since midnight 
Sewer_pump , Total_outflow_yesterday 1 -3 Total outflow for pump yesterday 
Variable_speed_drive Speed_Fbk 1-3 Variable frequency drive operating speed . 

Wet_well Inflow 1 Average inflow to the station 
Wet_well Level I Level of the wet well in mAHD 
Wet_well Surcharge_duration 1 Duration of last surcharge event 
Wet_well Surcharge_time_remaining 1 Estimated time until surcharge if pumps do not run 
Wet_well Total_inflow I Total inflow to the station since midnight 
Wet_well Total_inflow_yesterday 1 Total inflow to the station yesterday 
Wet_well Volume 1 Current Volume in the wet well 
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5.2 Feedback Values 

Brisbane Water - Network Control Systems 

Plant Quantity Desig Alarm Description 
Flow_meter High_limit_Fbk 1 Delivery flow High alarm set point 

Flow_meter Low_limit_Fbk 1 Delivery flow Low alarm set point 
Pressure_gauge Elevation_Rtu Static elevation of the pressure gauge in mAHD 
Pressure_gauge High_limit_Fbk . 1 High alarm set point 
Pressure_gauge Low_limit_Fbk 1 Low alarm set point 
Pressure_gauge Pressure_range_Fbk 1 Range of the pressure gauge in meters 
Sewer_pump Motor_current_high_limit_Fbk 1-3 High alarm set point 
Sewer_pump Motor_current_low_limit_Fbk 1-3 Low alarm set point 
Sewer_pump Motor power_high_limit_Fbk 1-3 High alarm set point 
Sewer_pump . Motor power_low_limit_Fbk 1-3 Low alarm set point 
Sewerage_pumping_station Blockage_flw_SP_knee_Fbk 1 Blockage flow setpoint at the 'knee' of the curve 
Sewerage_pumping_station Blockage_spd_SP_knee_Fbk 1 Blockage speed setpoint at the 'knee' of the curve 
Sewerage_pumping_station Blockage_spd_SP_min_Fbk 1 Blockage speed setpoint for the minimum flow 
Wet_well Duty_A_start_setpoint_Fbk I Start duty pump set point 
Wet_well Duty_A_stop_setpoint_Fbk 1 Stop duty pump set point 
Wet_well Duty_B_start_setpoint_Fbk I Start standby pump set point 
Wet_well Duty_B_stop_setpoint_Fbk I Stop standby pump set point 
Wet_well High_limit_Fbk 1 High alarm set point 
Wet_well Level_range_Fbk 1 Range of Vega Instrument measuring wet well level 
Wet_well . Low_limit_Fbk ' I Low alarm set point 
Wet_well. Zero_MAHD_Fbk I Bottom of wet well Vega Probe in mAHD 
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5.3 Analog Signal Processing 

5.3.1 Analog Clamping 
Before it is used to calculate the engineering value of the signal the raw analog input signal is clamped to the 
4-20mA limits if the value is above or below these values plus and minus the flux value respectively. Flux 
value is the range of the signal multiplied by the site percent variable which represents the acceptable error 
percent. 

5.3.2 Analog Filtering 
The engineering values are filtered using a five element FIFO (first in, first out) stack sampled every 1 

second to produce a rolling average. 

5.3.3 Analog Conversion to Engineering Unit 
The analog input card converts the 4-20mA signals received to a raw count of 800 to 4000 for the RTU and 
6400 to 32000 in the GE Fanuc PLC. This raw count is converted in the code to engineering units using the 
following formula. This is to be done in the code using the site specific values (conversion tables are not to 
be used). 

Engineering Unit (RTU) 
Engineering Unit (PLC) 

(Raw signal - 800)/3200 x Engineering Range. 
(Raw signal - 6400)/32000 x Engineering Range. 

The following are the signals received by the RTU. 

Signal Engineering Units 
Flow Meter Litres per second 
Delivery Pressure meters 
Wet Well Level meters 
Flow Meter Litres per second 
Motor Power kW 
Motor Current Amps 
VFD Speed Hz 

5.4 Delivery Flow Rate kl/day 
The flow is measured in litres per. second. For every sewerage flow meter a flow rate conversion is 
performed to get the equivalent flow rate in kilolitres per day (kl/day) and sent back to the IDTS SCADA 
system. 

Flow (kl/day) = Flow (Us) * K 
k 86.4 (converts 1/s to kllday) 

IDTS Database Record Name 
Plant Quantity Description 
Flow_meter Flow_kl Flow rate in Vs converted to kl/day value 

5.5 Delivery Flow - Volume Pumped (k1) 

The total volume pumped for the station is calculated using the flow rate (Ifs) integrated over time, while the 
any pump is running. A snapshot of this figure is recorded at midnight to give the previous days volume 
pumped and this integral is reset. 

IDTS Database Record Name 
Plant Quantity Description 
Flow_meter Volume . Total volume pumped since midnight 
Flow_meter Volume_yesterday Total volume pumped yesterday 
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5.6 Delivery Pressure mAHD 
The pressure probe measures the pressure in kPa. So that the control room operators can compare different 
sewerage sites successfully, the Pressure in mAHD is calculated and sent back to the.IDTS SCADA system. 

Pressure (mAHD) = Pressure (kPa) / k + Pres Elev (mAHD) 
k = 9.803 (Pressure constant to convert from kPa to metres) 
Pres Elev (mAHD) = Site specific pressure elevation of pressure gauge 

IDTS Database Record Name 
Plant Quantity 

Pressure_kpa 
Description 
Delivery pressure (if gauge operating) of pumps - kpa units Pressure_gauge 

Pressure_gauge Pressure mand Delivery pressure (if gauge operating) of pumps - MAHD units 

5.7 Pump Hrs Run / day 
The hours a pump runs individually are accumulated. The hours when both pumps run together are also 
accumulated. These integrals are reset at midnight 

NOTE: To calculate the total hours run for a pump for one day the individual pump run hours are added to 
the both pumps running together run hours. 

IDTS Database Record Name 
Plant Quantity Description 
Sewer_pump Hours_run Pump only run hours since midnight 
Sewer_pump Hours_run_yesterday 

Hours_run_l 2 

Pump only run hours yesterday 
Run hours of pumps 1&2 operating simultaneously since midnight 
Run hours of pumps 1&2 operating simultaneously yesterday 

Sewer_pump 
Sewer_pump Hours_run_12_yesterday 
Sewer_pump Hours run_13 Run hours of pumps 1&3 operating simultaneously since midnight 
Sewer_pump Hours_run_13_yesterday Run hours of pumps 1&3 operating simultaneously yesterday 
Sewer_pump Hours_run_23 

Hours_run_23_yesterday 
Run hours of pumps 2&3 operating simultaneously since midnight 
Run hours of pumps 2&3 operating simultaneously yesterday Sewer_pump 

5.8 Pump Starts / day 
The number for starts per day counter is incremented every time a pump starts. This counter is reset at 
midnight. 

IDTS Database Record Name 
Plant Quantity Description 
Sewer_pump Number_of starts Starts of Pump since midnight 
Sewer_pump Number_of starts_yesterday Starts of Pump yesterday 

5.9 Pump kl / day 
The volume that an individual pump delivers is calculated by integrating the flow rate over time while that 
pump is running by itself. This integral is reset at midnight 

NOTE: outflow, while a pump is running in tandem with the other pump, is ignored. 
IDTS Database Record Name 
Plant Quantity Description 
Sewer pump Total_outflow Volume pumped by Pump running by itself 
Sewer_pump Total_outflow_yesterday Volume pumped yesterday by Pump running by itself 
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5.10 Pump kW hrs / day 
The kilowatt-hours that an individual pump consumes are calculated by integrating the power over time 
while that pump is running by itself. This integral is reset at midnight 

NOTE: kilowatts while a numn is running in tandem with the other eumn are ignored. 
IDTS Database Record Name 
Plant Quantity Description 
Sewer_pump Total_KWHrs Pump power consumption 

Pump power consumption yesterday Sewer_pump Total_KWHrs_yesterday 

5.11 Wet Well Level mAHD 
The on site indication on the switchboard is in level % of full range. This value is also sent back to the 
control room so that the on site technician and control room operator can compare values in the same units. 
The Control room operator also requires the .wet well level in mAHD to be able to do a meaningful 
comparison between different sites. The following formulas are used to calculate these values. 

WWL (mAHD) = WWL (meters) + WWL Zero Level (mAHD) 

IDTS Database Record Name 
Plant Quantity Description 
Wet_well Level Level of wet well 
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5.12 Wet Well Volume 
The wet well volume is calculated using a 'wet well levels vs volume' look up table stored in the RTU 
database (.main file). The look up table has a maximum 32 point specification of the non-linear relationship 
of the wells 'Level vs Volume'. Volume in wet well is an interpolation of the well vs volume lookup table 
values. The site specific data is obtained from a table in an Excel spreadsheet (Table 9: Level vs Volume 
Lookup Table) which also provides a graphical representation of all the sample points (Figure 9: Level vs 
Volume Chart). 

Table 9: Level vs Volume Lookup Table (SAMPLE) 

Excel Data 
Wet Well 
LevelAHD] 

Remaining Storage 
C Ili tyil;111.1in. 
StI l t. 5.3 

BWL of PS 

TWL of PS . 

High Alarm Level 

Surcharge Level 

1 .5..0 

1.866 9.020 
1.941 8.821 

2.017 8.622 
2.093 8.423 . 

2.168 8.224 
2.244 8.025 
2.319 7.826 

2390 7.641- 
2.471 7.429 
2.546 7.207 
2.622 6.832 
2.698 

1.11.1111.1.11.1111111111M 
2.849 

6.139 

4.130 
2.924 3.005 

3.000 2.139 

3.076 1.417 

3.151 0.709 . 

3.227 0.000 

RTU Data 
Current Storage 
Volume [m3] 

0.199 
0.398 

0.597 

0.796 
0.995 

1.194 

1.392 

P:578 

1.790 

2.012 

2.387 . 

3.080 

...111.111. 
5.089 
6.213 

7.079 

7.802 
8.510 

9.219 

10.0 

Z.' 9.0 

Q. 
8.0 

.'13 

0 7.0 

co 6.0 
CP3 M 

E 
I 

o 5.0 

05 4.0 

'E 3.0 

2.0 

or 1.0 

0.0 

1.500 

Water Volume in Storage within Sewerage Pump Well and 
Piping 

2.000 2.500 3.000 3.500 

Water Height [m AHD] 

-- Water Volume in Storage within Sewerage Pump Well and Piping - Hi Alarm Level 

.--TWL 

Figure 9: Level vs Volume Chart (SAMPLE) 
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The non-linearity of the curve level vs volume curve is caused by non cylindrical shape of the wet well, the 
displacement of volume caused by object inside the well (pumps and pipe work) and the additional capacity 
provided by the inlet pipes that feed the wet well. Refer to Figure 10: Wet well diagram 

Inlet Sewer 

Level 

Benching - Rounded Bottom 

Figure 10: Wet well diagram 

The data in the RTU database is stored in an array of 32 'segments'. Each segment has the volume of that 
segment and the height of that segment. (Not a cumulative height and volume as per the table shown). The 
site specific RTU database includes the `SPxxx.main' file is stored on the IDTS server and can download 
directly to the RTU from the server. (Refer to Appendix B: Spxxx.main File for an example of a site *.main 
file). 

The wet well vs volume table is derived from the 'As Constructed' civil drawings of the station and are 
provided by the System Planning section of Brisbane Water. 

In Figure 9: Level vs Volume Chart, the 'Top Water Level' (TWL) is the Duty A Start, and the 'Bottom 
Water Level' (BWL) is Duty A Stop. 

IDTS Database Record Name 
Plant Quantity Description . 

Wet_well Volume Volume of sewerage in wet well calculated from using the level in the lookup table 

5.13 Station Surcharge Duration 
While the surcharge occurring alarm is active, a timer is accumulated to measure the duration of the 
surcharge event. This figure is stored until a new surcharge occurring alarm is triggered, at which time the 
timer is reset to zero. 

IDTS Database Record Name . 

Plant Quantity Description 
Wet_well Surcharge_duration Time duration of surcharge 

5.14 Station Time to Surcharge (UNDER DEVELOPMENT) 
When both pumps are stopped, the Station Inflow is used to calculate the time it would take the fill the 
remaining storage capacity (wet well capacity - current Wet Well Volume). The time (in minutes) to 
surcharge is only displayed on the station MITS GUI picture after the wet well high alarm is raised. 

IDTS Database Record Name 
Plant Quantity 

Surcharge_time_remaining 
Description 
Estimated time in minutes until surcharge when both pumps are NOT running Wet_well 
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5.15 Station Inflow (UNDER DEVELOPMENT) 
The simplified formula for calculating the inflow over a period of time is 

Inflow (Us) 

Volume Difference (1) = 
At (s) 
Outflow (Us) 

Volume Difference (litres) / At (s) + Outflow (ifs) 

difference in volume over the sample period 
sample period 
Integral of the flow meter for the sampling period 

5.15.1 Method A - Time between Start and Stop 
To ensure a change in volume large enough to make the inherent errors in the volume calculations negligible, 
method A takes the time to fill the well between the pump stop and start levels as the sampling time and the 
difference as the change in volume between the duty A stop and duty A start levels. This produced an 
average inflow over the sample period. 

5.15.2 Method B - Array method 
To remove the errors inherent in calculating small changes of wet well level, method B applies a 17 element 
FIFO (first in, first out) stack sampled every 15 second to produce a rolling average filter of the well level. 
The filter is reset (cleared) when a pump stops. 

To calculate the instantaneous inflow, the volume calculated using the filtered wet well level is recorded 
every 2 minutes (every 8 samples of the wet well level). The volume difference is the change in volume over 
a sample period of 2 minutes. 

To further stabilise the calculated instantaneous inflow calculation, the calculated inflow value itself is 
passed through a 7 element moving average filter. This filter is not reset between pump running transitions. 

5.15.3 Combining Method A and Method B results 
Due to the moving average filter and sample intervals used by method B, the first raw inflow value can not 
be calculated until 6'A minutes after the pumps stopped. If the pumps are stopped long enough for method B 
to calculate a new inflow value then this new value if loaded into the inflow filter. The average of the last 7 
values calculated is the new calculated average inflow figure. 

Method A is used to calculate the inflow during high inflows (Off time is less than 6 1/4 minutes). When the 
flow is high enough that the off time is less than 6'/4 minutes then the value calculated is 'flooded' into all 
elements of the inflow filter to make the average inflow value equal to newly calculated inflow value derived 
by method A. 

5.15.4 Total Inflow 
The total inflow for each day is the integration of the calculated average inflow value using 15 second 
sample rate. 
Total Inflow (kl) = Total Inflow (kl) + [Inflow (1/s) x 15 (s)/10001 

1DTS Database Record Name . 

Plant Quantity Description 
Instantaneous inflow to the wet well when pumps are NOT running 
Total inflow to the wet well since midnight when pumps are NOT running 

Wet_well Inflow _ 
Total inflow Wet_well 
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6 IDTS SCADA CONFIGURATION 
Every site on the IDTS SCADA system has to be configured individually. To make each site the following 
data must be released into the online database. 

Points Database 
Significant/Trigger Points 
History Database 
Site RTU database 
Mann Instructions 
Site Picture 

6.1 IDTS Points Database 
The points database consists of all the points configured for communication with site RTU. They fall under 
one of three categories 

Digital Alarms and Events (Boolean) 
Control Points (Boolean, Real and Integer) 
Analog Status (Integer and Real) 

These points are detailed on the `IDTS spreadsheet' which is created for each site. This spreadsheet details 
each point's corresponding address in the RTU, sets up any alarm priority and all other point attributes. The 
site ADIS spreadsheet' is used by the IDTS system administrator to populate the online database with the 
site points required. 

6.2 IDTS Significant Points 
All points which are classified as priority 1 alarms are configured as 'significant' points. This is done on the 
online IDTS database and is then downloaded to the RTU. Any alarm configured to be significant will cause 
the RTU to immediately transmit to the IDTS master station. 

6.3 IDTS History Database 
All digital and analog points, for which trend data is to be stored, must be populated in the history database 
and have their parameter (such as sample granularity) configured. Only points configured in the history 
database can be trended on the IDTS SCADA system. The history database is configured by the IDTS 
system administrator. 

6.4 IDTS Site RTU database 
Each MD3311 or MD 1000 RTU commissioned in the field has a RTU database generated from in the IDTS 
master station. This database stores all I/O (physical and pseudo) and also stores the wet well level vs 
volume data. This database can be used to re-configure the RTU CPU in case of failure. The RTU database 
is created using by the IDTS master station using the I0 configuration, history configuration, significant 
points configuration as well as the *.main file in the IDTS server. (Refer to Appendix B: Spxxx.main File for 
an example of a site *.main file). 
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6.5 IDTS Alarm Instructions 
The IDTS administrator installs the alarm instruction list onto the IDTS master station. Each file is linked to 
its associated alarm and provided the control room operator the actions required if that alarm is triggered. 
Below is an example of an alarm instruction file for the "Sewerage_pumping_station - Mains_fail alarm". 

Contact Energex 

If Energex are aware of the problem. 
Request an estimate of when power will be restored. 

If Energex are unaware of any problem. 
An urgent inspection is required. 

Obtain estimate from contingency data as to likelihood of times station will 
overflow. 

Normal hours: 

Notify Field Services to attend. 
' Notify Field Services Duty Officer. 

Inhibit flow from pumping stations upstream of station outage if possible. 

Monitor & check regularly with Energex. 

After hours: 
Notify Field Services Duty Officer. 
Inhibit flow from pumping stations upstream of station outage if possible. 

If Energex are unaware of any problem. 
An urgent inspection is required. 

The alarm instructions are generic for each alarm plant and quantity. The IDTS administrator can generate a 
site specific instruction file if the site needs a unique instruction. It is preferable, however, to expand on the 
generic alarm instruction where possible as this reduces the amount of deviation from the standard. (Easier 
to maintain the current set of alarm instruction list) 
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6.6 IDTS Pictures 

6.6.1 Main Site Detail Screen 
Each 3 pump submersible pump station has as a detail screen as shown below: 

- - 

Fie 'Alarms "Evets Facilities 

.Trend 

Listk.onfiguie. Display 

SPS 

Rethote' 
RTU Mains *Battery M. 1 

Last Poi 17-09:04 8:44 AM 

tep tioth 

Tince 

17t711 Ft7r11: 1117)30 Vega Probe 

Plant; Desig Quantity 

.Overview Details Inlex Cohtrol Points SiteNotes. Continuous 

Figure 11: Site Detail Screen 

Live points from RTU fed back to picture: 
Wet well level in metres AHD and % full. 
Pump duty A start level (in metres AHD and percentage), pump duty A stop level, and wet well high 
level 
Status of each pump (available, running, inhibited status shown by colour) 

Izt Speed of each pump 
Delivery pressure in metres AHD 
Delivery flow in Vs (and volume for the day) 
Site power status 
Local/ remote control status 
Station inflow (when pumps are not running) 
Wet well volume 
Time (in minutes) to surcharge (when pumps are unavailable and wet well high alarm is active) 

IDTS database points in the picture are stored in the IDTS database and not in the RTU. These values 
are displayed in the main station picture: 

' The Inlet level (metres AHD) 
Overflow Control Level (metres AHD) 
Site Level (metres AHD) 
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6.6.2 Popup Controls Screens 

Pump Control Popup 
Each pump can be controlled by the following popup. Clicking on the pump icon on the main 
operator screen activates the individual pump control screens. 

5 Sewer Pump Control 

Test RTU SPXXX SEWER 

Sewer_pump ( 1 ) SEWER 

ri3Orriple::Staid 

'fiernote,Stop 

kerrioi6;.0*-6t.. 1 

Inhibit 

UnInhibil .1 

Figure 12: Pump Control Popup 

Attention Alarm button 
The Site Attention Control Popup is activated by pressing the "Attention" button of the main 
control page (bottom LHS of screen). 

is Test RTU SPXXX SEWER 

Ailention ( 1 ) SEWER 

Actir4s Attention I I: Peactirata Attention 

Help 

Figure 13: Set Point Control Popup 

Set point adjustment - alarm limits 
Clicking on a set point will give you the set point control popup. 

Li Cordial Point 1E3 

SEWER 
Wet_well ( 1 ) High jimit 

Aranui St SP73 

n Comral Faindd 

17! Corarol tlot ts:med 

171 C:ordrol h-I-Progress 
Value 

'17upoid 

Figure 14: Control Point Page 

Doc Id: 003589 Active Date: 1 July 2004 Brisbane Water Confidential 
Printed: 22/03/2006 Owner Peter Sherriff Page 44 
Note: Printed copies of this document should be verified for currency against the published electronic copy. 
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Three Pump Submersible Sewerage Pump Station with VFD Brisbane Water - Network Control Systems 

Appendix B: SPXXX.MAIN FILE 

/* 

SP285 - Aringa Cres 
/ 

!include "../include/rtudata.h" 
!include "../include/md3scanlist.h" 
!include "../include/ctrlschl.h" 
!include "../include/grfb0002.h" 
!include "../include/grEb0006.h" 
!include "../include/db_constants.h" 

!ifndef PERMANENT 

defineclass remote rtu REMOTE_RTO_CLASS 

/' Master station dial-in radio numbers */ 

record 1 /* Trio Alarmcall ./ 

trio_ipad 0xc0a82346 /* Source IP Address UM) */ 
ipad 0xc0a82301 /* Destination IP AddreSs (CSU) */ 

defineclass rtu_rtu RTU_RTU_CLASS 
/* 

* Vaga Probe length = ?m 

* Diameter = 7 777M 
* the volume value is derived from the formula PI*(r^2)*h, where 
* r = d/2, h = level and PI = 3.1415927. the volume value represents 
* the volume of the segment defined by the level associated with 

the volume value and the previous level/volume record. If the 
* current record is the first of the list then the segment is defined 

by the level associated with the volume value and the level of 0.0. 

level values are entered as millimetres. 
* volume values are entered as m"3 (or kL). 
/ 

defineclass wetwell WETWELL_CLASS 

1* wet well level to volume lookup table - based on vega probe 0 level */ 

record 1 

( level 88 volume 0.000 ) 

( level 207 volume 0.653 ) 

( level 308 volume 0.552 } 

f level 445 volume 0.753 
f level 564 volume 0.653 
f level 708 volume 0.784 1 

( level 803 volume 0.521 4 

( level 922 volume 0.653 4 

I level 1041 volume 0.728 4 

1 level 1160 volume 1.026 4 

1 level 1280 volume 1.108 4 

1 level 1399 volume 1.331 ) 

( level 1518 volume 1.320 4 

1 level 1637 volume 1.233 ). 

4 level 1756 volume 1.170 ) 

f level 1876 volume 1.208 
{,level 1995 volume 1.392 I 

A level 2114 volume 1.342 ) 

level 2233 volume 1.470 ) 

{ level 2353 volume 1.436 ) 

/* wet well surcharge 
record 2 

outflow per second lookup table - based on lip of surcharge */ 

f level 0250 volume 1.000 ) 

f level 0500 volume 1.000 ) 

f level 0750 volume 1.000 ) 

f level 1000 volume 1.000 ) 

level 2000 volume 4.000 ) 

1 

/* 

* Automatically Generated Database files 

#include "SP285.scanlist" 
#endif 
!include "SP285.reset_fm" 
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Three Pump Submersible Sewerage Pump Station with VFD Brisbane. Water - Network Control Systems 

Appendix C: DRAWING LIST 

TO BE COMPLETED ONCE THE STANDARD DRAWINGS HAVE BEEN CREATED 

Electrical Drawing List 
Sheet # Drawing it Rev. Title - 
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PUMP MANUFACTURER: 

Page 2 of 2 

eaSOM W-MQ. 

pump'TEST.REpoRT. 
STANp4Rp.ORVE=VERIFICATION 

OY CRUNDFOS ENVIRONMENT FINLAND AB 

PUMP: GEF-code: S21154M2A513Z SERIAL NO. : 402622 0/4-/". -I-- 

SAP-code: 96584433 . 

TEST BED:: V7186186 

RESULTS: 20-09-200513:39 

75 .1o0 

70' 85 

00 

155 

6080 

70 

45 60 g 

1 
so 

19-- PP 

7- .44ci 

30 

15 20 

1.0 

Q R. 

111 

OPERATOR : 11M 

P 
a. -4- . . : 

.J ; .w ...al .....1.1. ....fa .....1.....1.1.... 
'11 I i I I ........,....r...,.....,...",..,.,- 

. 

.4. .4-1144 & -..11, 
." 

106. 

,...I 1 .1. . 

.......W +.......4:......k.w. 
1Op 

_ .130,.;: "gag fle .....). & ' - - ..V. ww, 

::441p. 

, :/1 
14: 4...1' 1 

A 'a 'BO; 

93 . 

1 
.1... 

:e. 

..- - 

..-.-..--- -- -} --'- ,-11,, - -.4- - ' 0- N ' .111t - - - ,- I -- - -1- - -- -.. - ' -',4-,---, 
.. . . ,.. 

a ...I t., 4 J 1 . I 

'OE!: 
.4. ww.1.4.14.4.4.,,r,ww-t..44.41-r..1."--.1"..-.4..... _ 

a . 4 

71,`-".1 ---.4.-.4-,..1----i..---i.A4-,-1 ' ' . 
40 

-1. a . , a 
.4 . .. I I I . 30- a., .... JI ... 1. a...4w.. 44 ...... ..... 

law 

0 1 

4.. T..; - 
0- 

40 so 'so 00 ,120 i40 t'80 .180: id4 220: 240;200 '280. 300 320. 340 
011:46g1 

.:Eta Taal PI 

Tolerance limits are indicated by grey curves. 

Additionally during ma nirfactU ringthe f011oiAting t.ests have been carded out: 
- tightness of the motor; testing pressure 0,8 bar 

high voltage test according tOIEC 341 section 6 
no-load test 

- insulation resistance test 
-earth continuity test 
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Tolerance limits are indicated by grey curves. 

Additionally during manufactUring the following tests have been carried out: 
-tightness of the motor, testing pressure 0,8 bar 
- high voltage test aCcbralinito !EC 34-i section 6 

no load 
- insulation resistance test 
- earth corrtinuity test 
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KN/ Ft 1J NI CO VC) 

PUMP TEST REPORT 
STANDARD CURVE VERIFICATION 

PUMP MANUFACTURER: OY GRUNDFOS ENVIRONMENT FINLAND AB 

PUMP: GEF-code: S21154M2A513Z . 

5AP-code: 96584433 

TEST BED: V7186186 

RESULTS: 20-09-2005 13:39 

SERIAL NO.: 402622 

OPERATOR : TIM 

Page 1 of 2 

Flow Head U I F T Cos Pgr Etagr 
Ws) [ml M [A] [Hz] [° C] phi [kW] ' Lim 

Point 1 205,8 35,8 415.0 176,4 50,0 24,0 0,82 103,6 69,5 

Flow = Flow measured by flow meter 
Head = Hui + Hdyn + Hz (+ F1.1) 

Head components : Head components [m] : 

Hm = Pressure sensor reading 
Hdyn = Dynamic head at measuring point (v2/2g) 

Hm Hdyn Hz 
0,45 

Hj 
0,07 

He 
0,16 33,07 2,18 

Hz = Level difference of pressure sensor and water level 
Hi = Friction losses between discharge and measuring point 

= Friction loss of connector. 
F = Average supply frequency 
U = Average supply voltage of three phases 

= Average current drawn of three phases 
Pgr = Motor Power Input (P1) 
Etagr = Overall efficiency 
Cos phi = Power factor of the motor 

= Average liquid temperature 

(Due to round ng total head may 
differ sligtly from the sum of its 
components.) 

Nominal 
values 

Test 
results 

ISO 9906 Annex A tolerance limits 
Lower Upper 

Flow [Its] 201.0 211578 182.9 219.1 

Head [m] 36.6 r g/1 33.3 38.5 

Etagr [ %] 69.2 64.3 --- 69.5 1 

Pump accepted according to ISO 9906 Annex A 

Vantaa, Finland 20-09-2005 

OY GRUNDFOS ENVIRONMENT FINLAND AB 
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G ILI FCI CIAN 

PUMP TEST REPORT 

STANDARD CURVE VERIFICATION 

PUMP MANUFACTURER: OY GRUNDFOS ENVIRONMENT FINLAND AB 

PUMP: GEF-code: S21154M2A513Z SERIAL NO.: 402622 

SAP-code: 96584433 

TEST BED : V7186186 

RESULTS: 20-09-2005 13:39 
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Tolerance limits are indicated by grey curves. 

Additionally during manufacturing the following tests have been carried out: 
- tightness of the motor, testing pressure 0,8 bar 
- high voltage test according to EEC 34-1 section 6 

- no-load test 
- insulation resistance test 
- earth continuity test 
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ft UP IVI ICD !:4; 

PUMP TEST REPORT 

STANDARD CURVE VERIFICATION 

PUMP MANUFACTURER: 0? GRUNDFOS ENVIRONMENT FINLAND AB 

PUMP: GEF-code: 521154M2A513Z 
SAP-code: 96584433 

TEST BED: V7186186 

RESULTS: 20-09-2005 12:28 

SERIAL NO.: 402623 

OPERATOR : TIM 

Page 1 of 2 

Flow Head - U I F T Cos Pgr Etagr 
[Ifs] Iffq M [A] [Hz] CC] phi [kW] roi 

Point 1 197,3 36,9 415.0. 173,6 50,0 23,0 0,83 102,7 69,7 

Flow = Flow measured by flow meter 
Head = Hm + Hdyn + Hz (+ Hi) 
Head components : 

Hm = Pressure sensor reading 
Hdyn = Dynamic head at measuring point (v2/2g) 
Hz = Level difference of pressure sensor and water level 
Hi = Friction losses between discharge and measuring point 
He = Friction loss of connector. 

F = Average supply frequency 
U = Average supply voltage of three phases 

= Average current drawn of three phases 
Pgr = Motor Power Input (P1) 
Etagr = Overall efficiency 
Cos phi = Power factor of the motor 
T = Average liquid temperature 

Head components [m] : 

Hdyn Hz Hj He 
34,42 2,01 0,46 0,06 0,15 

(Due to round ng total head may 
differ sligtly from the sum of its 
components.) 

Nominal 
values 

Test 
results 

ISO 9906 Annex A tolerance limits 
Lower Upper 

Flow [Ifs] 201.0 I97 3 182.9 219.1 

Head [m] 36.6 36-.9 ' 34.5 39.7 

Etagr [ %] 69.2 
_ . 

r - 6977- 64.3 ---- 

Pump accepted according to ISO 9906 Annex A 

Vantaa, Finland 20-09-2005 

OY GRUNDFOS ENVIRONMENT FINLAND AB 
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CIO IFE01 11)<, 

PUMP TEST REPORT 

STANDARD CURVE VERIFICATION 

PUMP MANUFACTURER: OY GRUNDFOS ENVIRONMENT FINLAND AB 

PUMP: GEF-code: 521154M2A513Z SERIAL NO.: 402623 
SAP-code: 96584433 

TEST BED: V7186186 

RESULTS: 20-09-2005 12:28 
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Tolerance limits are indicated by grey curves. 

Additionally during manufacturing the following tests have been carried out: 
- tightness of the motor, testing pressure 0,8 bar 
- high voltage test according to IEC 34-1 section 6 

- no-load test 
- insulation resistance test 
- earth continuity test 
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GIULION DIFCOM')< 

HYDROSTATIC PRESSURE TYPE TEST CERTIFICATE 

Pump manufacturer: 
Pump ordered by: 
Purchase order no: 
Manufacturers order no.: 
Pump Type: 

OY GRUNDFOS ENVIRONMENT FINLAND AB 
GRUNDFOS GPA 
4501503624 
7810004436 
S21154M2A513Z (GEF-code) 
96584433 (SAP-code) 

This certifies that the volute casing has been type tested with water as follows: 

Pressure: 
Holding time: 

10,5 bar 
5 minutes. 

Vantaa, Finland 06/03/2006 

OY GRUNDFOS ENVIRONMENT FINLAND AB 
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GIRLINCIFICOSI'SPN 

ELECTRIC MOTOR TEST REPORT 

Pump manufacturer: 
Pump ordered by: 
Purchase order no: 
Manufacturers order no.: 
Items: 

Motor: 
Pump: 

Serial no. 

OY GRUNDFOS ENVIRONMENT FINLAND AB 
GRUNDFOS GPA 
4501503624 
7810004436 

HU195071A13 
521154M2A513Z (GEF-code) 
96584433 (SAP-code) 
402622-23 

This certifies that the motors have been tested in production process as follow's: 

Dielectric test 
Insulation resistance test 
Earth continuity test 
Idle current test 
Protection device circuit. 

Result of work test measurement: Motor has passed the tests 

Vantaa, Finland 06/03/2006 

OY GRUNDFOS ENVIRONMENT FINLAND AB 
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GRUNDFOS INSTRUCTIONS 

Slt S2, 53, SA, SV 
7.5 - 155 kW 
GB ) Installation and operating instructions 0 Montage- and Betriebsanleitung 

Notice d'installation et d'entretlen 
Istruzioni di installazione e funzionamento 

C) Instrucciones de instalacion y funcionamlento 0 Instrucoes de instalacao e funcionamento 
GR 0hycyxr6arfarriic AcrroupyRID 

C) Installatie- en bedieningsinstructies 
Monterings- och driftsinstruktlon 
Asennus- ja kayttoohjeet 

C) Monterings- og driftsinstruktion 

- 

BE)THINK)INNOVATE> GRUNEDIFCOSIX 
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Declaration of Conformity 
We GRUNDFOS declare under our sole responsibility that the products SI, S2, 53, 
SA, SY, 7.5 - 155 kW, to which this declaration relates, are in conformity with the 
Council Directives on the approximation of the laws of the EC Member States relating 
to 
- Machinery (96/37tEC). 

Standard used: EN 292. 
- Electromagnetic compatibility (89/3361EEc). 

Standards used: EN 61 000-6-2 and EN 61 000-6-3. 
- Electrical equipment designed for use within certain voltage limits (73123/EEC) 

[95]. 
Standards used: EN 60 335-1 and EN 60 335-2-41. - ATEX 94/9/EC. 
Standards used: EN 50 014. EN 50 018. EN 13 463-1 and pr EN 13 463-5. 

Konformitiitserkliirung 
Wir GRUNDFOS orklaren in alteiniger Verantwortung, darldie Produkte Si, S2, S3, 
SA, SY, 7,5 - 155 kW, ant die sich diese Erklarung bezieht, mit den folgenden Richt- 
linien des Rates zur Angleichung der Rechtsvorschriften der EG-Mitgliedstedien 
0beremstimmen: 
- Maschinen (98/37/EG)., 

Norm, die verwendet wurde: EN 292. 
- Elaktromagnetische Vertraglichkeit (89/336fEWG). 

Norman, die verwendet wurden: EN 61 000-6-2 und EN 61 000-6-3. 
- Elektrische Betriebsmidel zur Verwendung innerhalb bestimmter 

Spannungsgrenzen (73/23/EWG) [95]. 
Norman, die verwendet wurden: EN 60 335-1 und EN 60 335-2-41. 

- ATEX 94/9/EG. 
Norman, die verwendet wurden: EN 50 014, EN 50 018, EN 13 463-1 und 
pr EN 13 463-5. 

Declaration de Conformity 
Nous GRUNDFOS declarons sous noire seute responsabilite qua les produas 
SI, S2, S3, SA, SV, 7,5 -155 kW auxquels se refers cetle declaration sont conk:wines 
aux Directives du Conseil concernant le rapprochement des legislations des Etats 
membres CE relatives 
- Machines (96/37/CE). 

Standard utilise: EN 292. 
- Compatibilite elactromagnetique (89/336/CEE). 

Standards utilises: EN 61 000-6-2 at EN 61 000-6-3. 
- Materiel electrique destine a employer dans certaines limites de tension 

(73/23/CEE) [951 
Standards utilises: EN 60 335-1 at EN 60 335-2-41. 

- ATEX 94/9/EC. 
Standards utilises: EN 50 014, EN 50 018, EN 13 463-1 at pr EN 13 463-5. 

Dichiarazione di Conformity 
Nei GRUNDFOS dichiariamo sotto la nostra esctusiva responsabilita the i prodotti 
Si, S2, S3, SA, SY, 7,3 155 kW, ai quali questa dichiarazione si riferisce. sono 
conformi elle Direttive del consiglio concernenti it ravvicinamento della legislazioni 
degli Stati membri CE relative a 

- Macchine (98/37/CE). 
Norma di rifenmento: EN 292. 

- Comparibilith elettromagnetica (89/336/CEE). 
Norm° di nferimento: EN 61 000-6-2 a EN 61 000-6-3. 

- Materiale elettrico destinato ad essere utilizzato entro cart, limn, di tensions 
(73/23/CEE) [951. 
Norme di riterimento: EN 60 335-1 a EN 60 335-2-41.. 

- ATEX 94/9/EC. 
Norma di riferimento: EN 50 014, EN 50 018, EN 13 463-1 e pr EN 13 463-5. 

Declaration de Conformidad 
Nosotros GRUNDFOS declaramos bajo nuastra diiica responsabilidad qua los 
productos 51, 52, $3, SA, 511, 7,5 - 155 kW a tos cuales se refiere esta declared& 
son conformes con las Directives del Consejo relatives a la aproximacien de las 
legislaciones de los Estados Miembros de la CE sobre 
- Maquinas (98/37/CE). 

Norma aplicada: EN 292. 
- Compatibilidad electromagnetica (89/336/CEE). 

Normas aplicadas: EN 61 000-6-2 y EN 61 000-6-3. 
- Material electrico destinado a utiimarse con delerminados Willies de tension 

(73/23/CEE) [95]. 
Normas aplicadas: EN 60 335-1 y EN 60 335-2-41. 

- ATEX 94/9/EC. 
Normas aplicadas: EN 50 014, EN 50 018, EN 13 463-1 y pr EN 13 463-5. 

Declaracfio de Conformidade 
N65 GRUNDFOS declaramos sob nesse Unica responsabilidade qua os produtos 
S1, 52, S3, SA, SY, 7,5 - 155 kW aos quais se refere este, &darn& est& em 
conformidada corn as Directives do Conselho des Comunidades Europeias relatives 
a aproximacao des tegislacees dos Estados Membros respeitantes a 

- Maquinas (98137/CE). 
Norma utilizada: EN 292. 

- Compatibilidade electromagnetica (89/336/CEE). 
Normas utilizadas: EN 61 000-6-2 a EN 81 000-8-3. 

- Material electric° destinado a ser utilizado dentro do carton limites de tense° 
(73/23/CEE) [95]. 
Normas utilizadas: EN 60 335-1 a EN 60 335-2-41. 
ATEX 94/9/EC. 
Normas utilizadas: EN 50 014, EN 50 018, EN 13 463-1 a pr EN 13 463-5. 

Liaq Ouppop(parf 
Epazon GRUNDFOSDIXthvOup5t4 proactoriad Dappi:Dcueuni 6nratpotave 
Si, 52, S3, SA, SY, 7,5 - 155 kW auppopepalvovr0 µc rqv Oplynrou CluplliaukfZu 
cnariElanoducniarCiv vifipl:v rElv KpOruiv Mat& rriDEuplatlaidilEvarnElcre 
cryacm pc TEI 

- littrixCirClia0 (98/37/EK). 
Flpatuno nou xpriottlonoiLEInkc: EN 292. 

- likcarpoppivirnaDcrupEprorrirD (89/338/ECK). 
riparuni:nou ypqcnponorliBnallit: EN 61 000-6-2 r.O. EN 61 000-6-3. 

- HALKTputenouovicuencrxcEllarpiveLlyta xpari evt6Dopicritivav opalv 
likens pirEar6cr111(73/23/E0K) 1951. 

rIporurepnou xpqcriponointnenr: EN 60 335-1 KG EN 60 335-2-41. 
- ATEX 9419/EK. 

flp6TuriOnou ypricnponoil:Elgra: EN 50 014, EN 50 018, EN 13 463-1 an 
pr EN 13 453-5. 

Overeenkomstigheidsverldaring 
Wij GRUNDFOS verldaren geheel onder eigen verantwoorderfikheid dal de 
produkten 51, 52, 53, SA, SY, 7,5 -155 kW waarop daze verklaring betrekking heeft 
in overeenstemming zijn met de Richtlijnen van de Read inzake de onderlinge 
aanpassing van de wetgevingen van de Lid-Staten betreffende 
- Machines (98137/EG). 

Norm: EN 292. 
- Eleldromagnatische compatibiliteit (89/336/EEG). 

Norman: EN 61 000-6-2 en EN 61 000-6-3. 
Elektrisch matariaal bestemd voor gebruik binnen bepaalde spanningsgrenzen 
(73/23/EEG)11951. 
Norman: EN 60 335-1 on EN 60 335-2-41. 
ATEX 94/9/EC. 
Norman: EN 50 014, EN 50 018, EN 13 463-1 en pr EN 13 463-5. 

Fdrsiikran om overensstlimmelse 
Vi GRUNDFOS lersakrer under anever, ad produkterna S1, S2, 53, SA, SV, 
7,5 - 155 kW, som omlattas av donna tOrsekran, ar i fiverenssammelse med Radets 
Direktiv om inbardes narmande till EU-madlemsstatamas lagstittning, ayseende 

Maskinell uirustning (98/37/EC). 
Anvand standard: EN 292. 

- Elektromegnetisk kompatibililet (89/336/EC). 
Anyande standarder: EN 61 000-6-2 och EN 61 000-8-3. 

- Elektrisk material aysodd fin anvandning ,nom vissa spanningsgranser 
(73/23/EC) [95]. 
Amanda standarder: EN 60 335-1 och EN 60335 -2 -41. 
ATEX 94/0/EC. 
Anvanda standarder: EN SO 014, EN 50 018, EN 13 463-1 och pr EN 13 453-5. 

Vastaavuusvakuutus 
Ma GRUNDFOS vakuutamme yksin vastutillisesti, rata tuotteet Si, 52, S3, SA, SY, 
7,5 - 155 kW, jots tame vakuutus koskee, noudatlavat direktiiveja jotka kasitteleval 
EY:n jasenvattioiden koneellisia laitteita koskevien lakien yhdenmukaisuuda sour.: 

Koneet (98/37/EY). 
Kaytetty standardi: EN 292. 

- Elektromagneettmen vastaavuus (89/338/EY). 
Kaytetyl standardit: EN 61 000-6.2 ja EN 61 000-6-3. 

- Maarattyjen jannitsrajoilusten puitteissa kaytettavat sahk5isal laitteet (73/23/EY) 
[95]. 
Kayletyl standardit: EN 60 335-1 ja EN 60 335-2-41. 

- ATEX 94/0/EC. 
Kaytetyt standardit: EN 50 014, EN 50 018, EN 13 463-1 ja pr EN 13 463-5. 

Overeusstemmelseserldrering 
Vi GRUNDFOS erklearer under ansver, at produkterne S1, 52, 53, SA, SY, 
7,5 - 155 kW, som donne erklaering omhandler, er i overansstemmetse med Flatlets 
direktiver om indbyrdes IiiInterrnalse lit EF medlemsstatemes lovgivning om 
- Maskiner (98137/EF). 

Anvendt standard: EN 292. 
- Elektramagnetisk kompatibiliiet (89/336/E0F). 

Anvendte standarder: EN 61 000-6-2 og EN 61 000-6-3. 
- Elektrisk materiel besternt tit anvendelse inden for visse spemd ngsgraanser 

(73/23/EOF) [951. 
Anvendte standarder: EN 60 335-1 og EN 60 335-2-41. 
ATEX 94/9/EC. 
Anvendte standarder: EN 50 014, EN 50 018, EN 13 463-1 og pr EN 13 463-5. 

Bjerringbro, 1st June 2003 

Kenth Hvid Nielsen 
Technical Manager 
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Before beginning installation procedures, these in- 
stallation and operating instructions should be stud- 
ied carefully. The installation and operation should 
also be in accordance with local regulations and ac- 
cepted codes of good practice. 

1. General description 
This booklet includes instructions for installation, operation and 
maintenance of GRUNDFOS submersible wastewater pumps, 
types S1, S2, 53, SA and SV, fitted with motors of 7.5 to 155 kW. 

The booklet also includes specific instructions for the explosion- 
proof pumps. 

1.1 Applications 
The S1, 52, S3, SA and SV pumps are designed for the pumping 
of wastewater in a wide range of municipal, private and industrial 
applications. 

Depending on version, the pumps can be used for submerged or 
dry installation. 

Maximum solids size: 145 mm. 

1.1.1 Potentially explosive environments 

In potentially explosive environments, the explosion-proof S1, S2, 
S3 and SV pumps must be used, see sections 1.5.1 Ex certifica- 
tion and classification and 7.3 Explosion-proof Sl, S2, S3 and SV 
pumps. 

Note: The explosion classification of the pump is EEx dlIB T3 or 
EEx dlIB T4. The installation must in each individual case be ap- 
proved by the local fire-fighting authorities. 

4 

1.2 Operating conditions 
1.2.1 pH value 

All pumps can be used for pumping liquids with a pH value be- 
tween 4 and 10. 

1.2.2 Liquid temperature 

0°C to +40°C. 

1.2.3 Ambient temperature 

-20°C to +40°C. 

1.2.4 Density and viscosity of pumped liquid 
Maximum density: 1000 kg/m3. 

Maximum kinematic viscosity: 1 mm2 /s (1 cSt). 

Note: When pumping liquids with a density and/or a kinematic 
viscosity higher than the values stated above, motors with corre- 
spondingly higher outputs must be used. 

1.2.5 Level of pumped liquid 
In the case of submerged pump installation, the lowest stop level 
must always be above the pump housing. 

The pump must always be filled with the liquid to be 
pumped. 

An additional level switch must be installed to ensure 
that the pump is stopped in case the stop level switch 
is not operating. 

To ensure adequate cooling of the motor during operation, the 
following minimum requirements must be met: 

Versions 1 and 4: 
The pump must always be covered by the pumped liquid to the 
middle of the motor. 

Versions 2 and 5: 
The pump housing must always be covered by the pumped liq- 
uid. 

Versions 3 and 6: 
No special requirements. 

Version 7: 
The liquid level must be at least 350 mm above the pump inlet, 
see fig. 7. 

1.2.6 Operating mode 

The pumps are designed for continuous operation or for intermit- 
tent operation with the maximum number of starts per hour stated 
in the table below: 

Motor size Starts per hour 

7.5 - 21.0 kW, 2- and 4-pole 20 

15.0 kW, 12-pole 
16.0 kW, 6-pole 
22.0 - 155 kW 

15 

1.2.7 Enclosure class 

IEC IP 68. 

1.3 Sound pressure level 
The sound pressure level of the pump is lower than the limiting 
values stated in the EC Council Directive 98/37/EC relating to 
machinery. 
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1.4 Type key 

All S1, S2, S3, SA and SV pumps described in this booklet are identified by the type code stated in the confirmation of order and other 
documentation supplied with the pump. The code consists 01 14 items as shown in the table below. 

Please note that the pump types described in this booklet are not necessarily available in all variants. The shaded code items are stated 
on the pump nameplate. 

S 1 X 17 4 M 1 A 5 11 Z 

1 2 3 4 5 6 7 8 9 10 11 . 12 13 14 

Code item Description 

1. Pump type S GRUNDFOS submersible wastewater pumps, type S . 

2. Impeller type 1 Single-channel 
2 Two-channel 
3 Three-channel 
V Super Vortex 
A Axial 

3. Motor specification [ ] Standard, not certified 
X Explosion-proof motor 
A In conformity with the ATEX directive 

4. Motor power Motor power in kW 

5. Motor pole number Motor speed at 

50 Hz 60 Hz 
min"' min-1 

2 2-pole 3000 3600 
4 4-pole 1500 1800 

6 6-pole 1000 1200 

8 8-pole 750 900 
10 10-pole 600 720 
12 12-pole 500 600 

6. Pump generation [ ] 1st generation 
A 2nd generation 
B 3rd generation, etc. 

The generation code distinguishes between structurally different pumps which have the same 
power rating 

7. Head [ ] No classification 
E Extra-low 
L Low 
M' Medium 
H High 
S Super-high 

. 

8. Installation version 1 Submerged installation on auto-coupling 
2 Submerged installation on auto-coupling. Pump with cooling jacket. 
3 Vertical dry installation with base stand. Pump with cooling jacket. 
4 Submerged installation, portable 
5 Submerged installation, portable. Pump with cooling jacket. 
6 Horizontal dry installation with base stand and bracket. Pump with cooling jacket. 
7 Vertical column installation 

9. Interchangeability The letter (A, 13, C...) indicates the interchangeability of parts between otherwise identical pumps. 
Pumps with no or the same letter have full interchangeability of parts and use the same spare 
parts catalogue. 

10. Number of phases [ ] Three-phase 
11. Frequency 5 50 Hz 

6 60 Hz 

12. Voltage and starting , 50 Hz 60 Hz 

01 400 V, DOL 01 460 V, DOL 
11 400 V, star-delta 11 460 V, star-delta 
02 230 V, DOL . 03 500 V, DOL 
12 230 V, star-delta 13 500 V, star-delta 
03 415 V, DOL 05 380 V, DOL 

. 13 415 V, star-delta 15 380 V, star-delta 
04 500 V, DOL 07 220 V, DOL 

14 500 V, star-delta 17 220 V, star-delta 
06 690 V, DOL 

13. Special equipment U Flanges sized according to ANSI specifications 
14. Non-standard parts Z See confirmation of order for further details 
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1.5 Nameplates 
All pumps can be identified by means of the nameplate on the 
motor top cover, see fig. 1. If the nameplate is missing or dam- 
aged, the pump can be identified by the serial number stamped 
under the nameplate. 

Fig. 1 

1 

2 

3 

5 

7 

9 

10 

13 
14 

16 

18 

O 

CE GraurdEspos V. 
o 

2 
di 

Type: 
Prod No: 
No: Tmax: °C 

Imi Hmax: 011-irax- Vs 
IV 20m L IP68 to 

pium--- 
..001011 .. 

Motor: Hz n: rnin-liii 
V A A 

N 
V 1- A 

P1: kW P2: kW 
...... 
PP 

. Cos cp,. InSul.class.F ea 
P.C. wt: kg 

9606695 

4 

6 

8 

11 

12 

15 
17 
19 

Pos. Description 

1 Type designation 

2 SAP code 

3 Serial number 

4 Maximum liquid temperature 

5 Maximum head 

6 Maximum flow 

7 Maximum installation depth - 

Enclosure class 

9 Number of phases 

10 Frequency 

11 Rated speed 

12 Voltage/current, delta connection 

13 Voltage/current, star connection 

14 Power input 

15 Shaft power 

16 Power factor 

17 Insulation class 

18 Production code, year/week 

19 Weight of the pump 

6 

1.5.1 Ex certification and classification 
Explosion-proof pumps have been approved by Baseefa (2001) 
Ltd. in conformity with the essential health and safety require- 
ments relating to the design and construction of eqUipment in- 
tended for use in potentially explosive atmospheres given in ' 

'Annex II to the Council Directive 94/9/EC (ATEX). 

The certified pumps (Ex-pumps) are supplied with an approval 
plate fixed in the visible place close to the nameplate. 

'Fig. 2 shows the approval plates for the pumps equipped option- 
ally with the motors classified to T3 or T4 temperature class. 
Fig. 2 

rO 
et ert F 0 S 

CE 

O t's GreueeoFces 0 
CE CE 1180 c> 112 G 

CE 1180 g 112 G EEx dlIB T4 0 
EEx dflB T3 clIB T4 

clIB T4 Baseefa 

Baseefa Type: 1 

Type: o No. 

No, 

PC 

PC 

Cantons! .5 

Cautions! 
Do not open while energized 

Do not open wale energized 
Cable temp. nwry exceed 70'C 

Cable temp. nary exceed 70'C 
Co not open erten on explosive 

gas atmosphere is present. 

AIi i e49es01 O, p 9696570 0 
- 

The approval plate gives the following details: 

CE CE mark. 

1180 Number of Quality Assurance notified body. 

EU ex-symbol. 

II Equipment group (II = non-mining). 

2 Equipment category (high protection). 

G Type of explosive atmosphere. 

EEx Motor explosion-proof according to European stand- 
ard. 

d Motor withstands explosion pressure. 

IIB Gas Group. 

T3 Maximum surface temperature of the motor is 200°C. 

T4 Maximum surface temperature of the motor is 135°C. 

c . Constructional safety. 

Baseefa Certificate number.. 
No. HA, 

PC Production code. 

2. Safety 

Pump installation in pits must be carried out by spe- 
cially trained persons. 

Persons should not enter the installation area when 
an explosive atmosphere is present. 

For safety reasons, all work in pits must be supervised by a per- 
son outside the pump pit. 

Pits for submersible wastewater pumps contain wastewater with 
toxic and/or disease-causing substances. Therefore, all persons 
involved must wear appropriate personal protective equipment 
and clothing and all work on and near the pump must be carried 
out under strict observance of the hygiene regulations in force. 
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3. Transportation and storage 
The pump is supplied from the factory in proper packing in which 
it should remain until it is to be installed. 

Make sure that the pump cannot roll or fall over. 

All lifting equipment must be rated for the purpose and checked 
for damages before any attempts are made to lift the pump. The 
lifting equipment rating must under no circumstances be ex- 
ceeded. The pump weight is stated on the pump nameplate. 

Always lift the pump by its lifting bracket or by means 
of a fork-lift truck, never by means of the motor cable 
or the hose/pipe. 

Note: Do not remove the protection from the free end of the sup- 
ply cable until the electrical connections are to be made. The tree 
cable end must never be exposed to moisture or water, whether it 

is protected or not. Non-compliance may involve the risk of dam- 
age to the motor. 

For long periods of storage, the pump must be protected against 
moisture and heat. 

Storage temperature: -30°C to +60°C. 

After a long period of storage, the pump should be inspected be- 
fore it is put into operation. Make sure that the impeller can rotate 
freely. Pay special attention to the condition of the shaft seals and 
the cable entry. 

4. Installation 
The loose nameplate supplied with the pump should be fixed at 
the installation site. 

All safety regulations must be observed at the installation site, 
e.g. the use of blowers for fresh-air supply to the pit. 

Do not put your hands or any tool into the pump suc- 
tion or discharge port after the pump has been con- 
nected to the electricity supply, unless the pump has 
been switched oft by removing the fuses or switching 
off the mains switch. It must be ensured that the elec- 
tricity supply cannot be accidentally switched on. 

Prior to installation, check the oil level in the oil chamber, see 
section 7.1 Oil check and oil change. 

The S1, S2, S3, SA and SV pumps are designed for various in- 
stallation versions. 

Figures 3 to 7 show the possible installation versions. 

Fig. 3 

Versions 1 and 2: 
Submerged installation on auto-coupling 

Permanent installation in pit. The pump can easily be pulled 
out and towered into the pit by means of the guide rails. 
The liquid level can be set lower for version 2 than for ver- 
sion 1. 

Fig. 4 

Version 3: 
Vertical dry installation with base stand 

Permanent installation in a pump room. The pump is bolted 
to the suction and discharge pipes by means of flange con- 
nections. Pumps with DN 500 or ON 600 flange are to be 
installed on a concrete foundation (see the above figure to 
the right). 

Fig. 5 

Versions 4 and 5: 
Submerged installation, portable 

For portable use in pit or temporary installation. 
The liquid level can be set lower for version 5 than for ver- 
sion 4. 

Fig. 6 

Version 6: 
Horizontal dry Installation with base stand and bracket 

0, 0, 0 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, O. 0, 0, 

Permanent installation in a pump room. The pump is bolted 
to the suction and discharge pipes by means of flange con- 
nections. 

0 
'0 

0.1 0 

0 
I- 

7 
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Fig. 7 

Version 7: 
Vertical column installation 

Vertical coltimn installation in steel pipe or concrete shaft. 

4.1 Submerged installation on auto-coupling 
Pumps for permanent installation can be installed on a stationary 
auto -coupling and operated completely or partially submerged in 
the pumped liquid. 

1. Drill mounting holes for the guide rail bracket on the inside of 
the pit and fasten the guide rail bracket provisionally with two 
screws. 

2. Place the auto-coupling base unit on the bottom of the pit. 
Use a plumb line to establish the correct positioning. Fasten 
the auto-coupling with expansion bolts. If the bottom of the pit 
is uneven, the auto-coupling base unit must be supported so 
that it is level when being fastened. 

3. Assemble the discharge pipe in accordance with the generally 
accepted procedures and without exposing the pipe to distor- 
tion or tension. 

4. Insert the guide rails into the rings of the auto-coupling base 
unit and adjust the length of the rails accurately to the guide 
rail bracket at the top of the pit. 

5. Unscrew the provisionally fastened guide rail bracket. Insert 
the expansion dowels into the guide rails. Fasten the guide 
rail bracket on the inside of the pit. Tighten the bolts in the ex- 
pansion dowels. 

6. Clean out debris from the pit before lowering the pump into 
the pit. 

7. Fit the guide claw to the pump. 

8. Slide the guide claw of the pump between the guide rails and 
lower the pump into the pit by means of a chain secured to 
the lifting bracket of the pump. When the pump reaches the 
auto-coupling base unit, the pump will automatically connect 
tightly. 

9. Hang up the end of the chain on a Suitable hook at the top of 
the pit and in such a way that the chain cannot come into con- 

. tact with the pump housing. 

10. Adjust the length of the motor cable by coiling it up on a relief 
fitting to ensure that the cable is not damaged during opera- 
tion. Fasten the relief fitting to a suitable hook at the top of the 
pit. Make sure that the cables are not sharply bent or pinched. 

11. Connect the motor cable and the monitoring cable, if any. 

Note: The end of the cable must not be submerged, as water may 
penetrate through the cable into the motor. 

8 

4.2 Dry installation 
Pumps in dry installation are installed permanently in a pump. 
MOM. 

The pump motor is enclosed and watertight and will not be dam- 
aged if the installation site is flooded with water. 
1. Mark and drill mounting holes in the concrete floor/concrete 

foundation. 

2. Fit the bracket or base stand to the pump. 

3. Fasten the pump with expansion bolts. 

4. Check that the pump is vertical/horizontal. 

In order to facilitate service on the pump, isolating valves should 
be fitted on either side of the pump. 

5. Fit the suction and discharge pipes and isolating valves, if 
used, and ensure that the pump is not stressed by the pipe- 
work. 

6. Adjust the length of the motor cable by coiling it up on a relief 
fitting to ensure that the cable is not damaged during opera- 
tion. Fasten the relief fitting to a suitable hook. Make sure that 
the cables are not sharply bent or pinched. 

7. Connect the motor cable and the monitoring cable, if any. 

Note: It is recommended to use a reducer between the suction 
pipe and the pump in horizontal installations. The reducer must 
be of the eccentric type and must be installed so that the straight 
edge is pointing upwards. In this way, the accumulation of air in 
the suction pipe is avoided and the risk of disturbance of opera- 
tion is eliminated, see fig. 8. 

Fig. 8 

Reducer of the eccentric type 

4.3 Submerged installation, portable 
1. Fit the ring stand to the pump suction flange: 

2. Fit a 90° elbow to the pump discharge port and connect the 
discharge pipe/hose. 

It a hose is used, make sure that the hose does not buckle and 
that the inside diameter matches that of the discharge port. 

3. Lower the pump into the liquid by means of a chain secured to 
the lifting bracket of the pump. It is recommended to place the 
pump on a plane, solid foundation. Make sure that the pump is 
hanging from the chain and not the cable. 

4. Hang up the end of the chain on a suitable hook at the top of 
the pit and in such a way that the chain cannot come into con- 
tact with the pump housing. 

5. Adjust the length of the motor cable by coiling it up on a relief 
fitting to ensure that the cable is not damaged during opera- 
tion. Fasten the relief fitting to a suitable hook. Make sure that 
the cables are not sharply bent or pinched. 

6. Connect the motor cable and the monitoring cable, if any. 
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4.4 Vertical column installation 
1. Weld the ring stand supplied with the pump onto the lower 

opening of the riser pipe or concrete it into place at the lower 
opening of the concrete shaft. 

2. Fasten a chain to the lifting bracket and uncoil the supply ca- 
ble.. 

3. When the ring stand has been positioned in the right place, 
lower the pump into place in the pump shaft. Make sure that 
the 0-ring seal is positioned correctly in the groove on the out- 
side of the pump housing. Three guide pins on the ring stand 
will guide the pump into the right position and prevent it from 
turning in the seat when running. 

4. Hang up the end of the chain on a suitable hook at the top of 
the pit and in such a way that the chain cannot come into con- 
tact with the pump housing. 

5. Adjust the length of the motor cable by coiling it up on a relief 
fitting to ensure that the cable is not damaged during opera- 
tion. Fasten the relief fitting to a suitable hook. Make sure that 
the cables are not sharply bent or pinched. 

6. Connect the motor cable and the monitoring cable, if any. 

4.5 Pump controller 
The S1, S2, S3, SA and SV pumps can be connected to a sepa- 
rate GRUNDFOS pump controller for level control, which is avail- 
able as an accessory: 

type LC for one-pump installations and 

type LCD for two-pump installations. 

Depending on application, different types of level control equip- 
ment can be used. 

-The LC controller is fitted with two or three level switches: 
Two for start and stop of pump. The third level switch, which is 
optional, is for high-level alarm. 

The LCD controller is fitted with three or four level switches: 
One for common stop and two for start of the pumps. The fourth 
level switch, which is optional, is for high-level alarm. 

When installing the level switches, the following points should be 
observed: 

1. To prevent air intake and vibrations in submerged pumps, the 
stop level switch must be fitted in such a way that the pump 
is stopped before the liquid level is lowered below the top of 
the pump housing. 
As a principal rule for pumps in dry installation, the lowest stop 
level must be at least 20 cm above the opening of the suction 
pipe, see fig. 8. 

2. The start level switch should be installed in such a way that 
the pump is started at the required level; however, the pump 
must always be started before the liquid level reaches the bot- 
tom inlet pipe to the pit. 

3. The high-level alarm switch, if installed, should always be in- 
stalled about 10 cm above the start level switch; however, 
alarm must always be given before the liquid level reaches the 
inlet pipe to the pit. ' 

Note: The pump controller must not be installed in potentially ex- 
plosive environments. 

Pumps installed in potentially explosive atmosphere 
must always be filled with the liquid to be pumped. 

An additional level switch must be installed to ensure 
that the pump is stopped in case the stop level switch 
is not operating. 

4.6 Thermal switches 
Three bimetallic thermal switches are built into the stator wind- 
ings, and a contact will open in case of overtemperature, i.e. 
150°C. 

The supply voltage to the thermal switches must be 12-230 VAC. 

The thermal switches are connected to the monitoring cable, see 
section 5. Electrical connection, and must be connected to the 
safety circuit of the separate pump controller. 

Note: The motor starter of the pump controller must include a cir- 
cuit which automatically disconnects the electricity supply in case 
the protective circuit for the pump is opened. 

The installer/user should provide an automatic device 
which disconnets the electricity supply in case the 
thermal switches or the moisture switches are not op- 
erating. 

4.7 Moisture switches 
Non-explosion-proof pumps have one moisture switch, which is 
fitted in the chamber below the motor top cover. 

Explosion-proof pumps have two moisture switches connected 
in series, which are fitted in the chamber below the motor top 
cover. 

The moisture switch is non-reversing and must be replaced after 
use. 

The moisture switches are connected in series with the thermal 
switches and connected to the monitoring cable, see section 
5. Electrical connection, and must be connected to the safety cir- 
cuit of the separate pump controller. 

Note: The motor starter of the pump controller must include a cir- 
cuit which automatically disconnects the electricity supply in case 
the protective circuit for the pump is opened. 

4.8 Thermistors 
Thermistors are available as accessories. 

The thermistors are used for the monitoring of bearing and stator 
temperatures instead of thermal switches and must be connected 
to the thermistor relay in the control cabinet. 

The following limit temperatures are used: 

90°C - alarm for bearing temperature. 

130°C - pump stop caused by high bearing temperature. 

150°C - pump stop caused by high stator temperature. 

At room temperature, the thermistor resistance is approx. 100 c2. 

The bearing temperature monitoring is not available 
in explosion-proof pumps. 

4.8.1 Checking after Installation of pump 

1. Using a multimeter, check whether the circuit resistance is 
< 150 S21 thermistor. 

2. Using a multimeter, check whether the insulation between cir- 
cuit and stator housing within the highest range is outside the 
scale (not measurable co ). 

3. Carry out similar measurements at the end of the supply ca- 
ble. 

4.9 Pt100 temperature sensor 
The Pt100 temperature sensor is available as an accessory. 

The Pt100 sensor is primarily used for the monitoring of bearing 
temperature, but it can also be used in the stator. 

The sensor resistance is 

100 II at 0°C, 

138.5 1-1 at .100°C and 

approx. 108 ft at room temperature. 

The Ptl 00 is not available for explosion-proof pumps. 

4.9.1 Checking after installation of pump 

1. Using a multimeter, check whether the resistance at room tem- 
perature is approx. 108 cL 

2. Using a multimeter, check whether the insulation between cir- 
cuit and stator housing within the highest range is outside the 
scale (not measurable co ). 

3. Carry out similar measurements at the end of the supply ca- 
ble. 

4. During pump check, the P1100 sensor must be connected to a 

recording device. 

9 
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4.10 OCT1 water-in-oil sensor 
The OCT1 water-in-oil sensor is available as an accessory. 

The sensor measures the water content in the oil chamber. 

The sensor consists of a plate capacitor which is immersed in the 
oil and measures the electronic circuit, emitting a 4-20 mA pro- 
portional current signal. Connect the OCT1 sensor as shown in 
fig. 9. 

4.10.1 Fitting the OCT1 sensor 

The OCT1 sensor is to be fitted in the tilling hole of the oil cham- 
ber instead of the oil screw. 

1. Remove the oil screw. 

2. Push the sensor into the oil filling hole. 

3. Push the sensor to a suitable depth in the oil chamber without 
letting it touch the rotating parts, but so deep that the sensor is 
completely covered by the oil. Recommended inserting depths 
for different pump types appear from the table below. 

4. Screw the bush into the thread for the oil screw. 

Note: Before refitting after oil change, the OCT1 sensor must be 
cleaned with white spirit (mineral turpentine). 

Fig. 9 

OCT, 

1 (+) U 30 VDC max 
2 (-) R (U - 9 V)/20 mA max 

Motor size Inserting depths 
L [mm] 

7.5 - 12.5 kW 80 

13.5 - 21 kW 
22 - 29 kW, 2-, 4- and 6-pole 90 

15 kW, 12-pole 
20 - 28 kW, 8-pole 
20 - 50 kW, 4-pole 

. 

110 

22 - 35 kW, 10-pole 
35 - 50 kW, 8-pole 
58 - 155 kW 

140 

' Technical specifications 

Measuring range 20-100 pF. 

Sensor capacitance in air 9 pF. 

Measuring range for water 
content 

0-60% corresponding to 
4-20 mA. 

Temperature range 0-70°C. 

Supply voltage 0-30 VDC max. 23 mA. 

Material, supply cable Polyurethane. . 

Ex approval 

' 

EEx ia IIB T4, Iii = 34 V, li = 
100 m, Ci = 220 nF, Li < 1 uH. 
In potentially explosive environ- 
ments, the sensor must be con- 
nected via an approved Exi 
separator. 

5. Electrical connection 
The electrical connection should be carried out in accordance 
with local regulations. 

The supply voltage and frequency are marked on the pump 
nameplate. 

The voltage tolerance must be within t5% of the, rated voltage. 

10 

Make sure that the motor is suitable for the electricity supply 
available at the installation site. 

The pump must be connected to an external mains 
switch with a contact separation of at least 3 mm in 
each pole. . 

The pump must be connected to a motor starter. 

The wiring diagrams for direct-on-line starting and star-delta 
starting are shown in fig. 10 and fig. 11, respectively. 

P1 and P2 are connected in series with the thermal switches and 
the moisture switches. 

Fig. 10 

Fig. 11 

Direct-on-line 
starting 

Star-delta 
starting 

0 

0 
01 

0 

The top cover of explosion-proof pumps is provided 
with an external earth terminal to ensure the con- 
nection to earth. The electrical installation must in- 
clude an external connection from this terminal to 
earth. The earth wire must fulfil all electrical safety 
regulations in force. 

Cross section 
of phase wire (S) 
of the installation 

- [mm2] 

Minimum 
cross section 
of earth wire 

[mm2] 

S s 16 

16 < S s 35 16 

S > 35 0.5 *S, max. 70 

Before installation and the first start-up of the pump, 
the cable condition should be checked visually to 
avoid Short circuits. 

6. Start-up 

Before manual starting or changeover to automatic 
control, make sure that no persons are working on or 
near the pump. 

Proceed as follows: 

1. Remove the fuses or switch otf the mains switch. 
2. Check the oil level in the oil chamber. See section 7.1 Oil 

check and oil change. 

3. Check whether the impeller can rotate freely. 

4. Check whether the monitoring units, if used, are operating 
satisfactorily. 
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5. Make sure that the pump is submerged in the liquid. 
For pumps in dry installation, it must be ensured that there is 
liquid in the pit. 

Make sure that the pump has been tilled with the liq- 
uid to be pumped. 

Pumps in dry installation must be vented by means of 
the vent plug in the pump housing. 

6. Open the isolating valves, if fitted. 
7. Check whether the system has been filled with liquid and 

vented. 

6. Check the setting of the level switches. 

9. Start the pump and check the pump operation for abnormal 
noise or vibrations. 

Note: In case of abnormal noise or vibrations from the pump or 
other pump or supply failures, stop the pump immediately. Do not 
attempt to restart the pump before the cause of the fault has been 
found and the fault corrected. 

10. After start-up, the actual pump duty point must be established. 
as accurately as possible so that it can be checked whether 
the operating conditions are as desired. 

Note: The pump may be started for a very short period without 
being submerged for checking of direction of rotation. 

The operation of the pump should always take place in accord- 
ance with established routines with scheduled checks of pump 
monitoring equipment and accessories (valves, etc.). Make sure 
that the pump and equipment settings.cannot be changed by un- 
authorized persons. 

6.1 Checking the direction of rotation 
An arrow cast in the pump housing indicates the correct direction 
of rotation. The pump must rotate clockwise when seen from the 
drive end. Observe the movement of the pump (jerk) when 
started. If the pump moves counter-clockwise, the direction of ro- 
tation is correct. 

As an alternative, the direction of rotation can be checked as fol- 
lows: 

1. Start the pump and check the quantity of liquid or the dis- 
charge pressure. 

2. Stop the pump and interchange two of the phases to the mo- 
. tor. 

3. Restart the pump and check the quantity of liquid or the dis- 
charge pressure. 

4. Stop the pump. 

5. Compare the results taken under points 1 and 3. The connec- 
tion which gives the larger quantity of liquid or the higher pres- 
sure is the correct direction of rotation. 

Note: The pump must only run for a short period when sus- 
pended from a chain. 

7. Maintenance and service 
Before starting work on the pump, make sure that the 
fuses have been removed or the mains switch has 
been switched off. It must be ensured that the elec- 
tricity supply cannot be accidentally switched on. . 

All rotating parts must have stopped moving. 

Maintenance and service must be carried out by specially trained 
persons. 

The maintenance and service work on explosion- 
proof pumps must be carried out by GRUNDFOS or a 

service workshop authorized by GRUNDFOS. 

Before carrying out maintenance and service, it must be ensured 
that the pump has been thoroughly flushed with clean water. 
Rinse the pump parts in water after dismantling. 

Pumps running normal operation should be inspected every 
2000 operating hours or at least once a year. If the pumped liquid 
is very muddy or sandy, the pump should be inspected every 
1000 operating hours or every six months. 

The following points should be checked: 

Power consumption 
Oil level and oil condition 
When the pump is new or after replacement of the shaft seals, 
check the oil level after one week of operation. 
The oil becomes greyish white like milk if it contains water. 
This may be the result of a defective shaft seal. The oil should 
be changed if it contains water. See section 7.1 Oil check and 
oil change. 
Note: Used oil must be disposed of in accordance with local 
regulations. 
The oil chamber contains 1.9 to 12.4 litres of SAE 10 W 30 
motor oil depending on pump size. 

Cable entry 
Make sure that the cable entry is watertight and that the ca- 
bles are not sharply bent or pinched. 

Impeller clearance 
Check the impeller clearance. See section 7.2 Inspection and 
adjustment of impeller clearance. 

Pump parts 
Check the pump housing, etc. for possible wear. Replace de- 
fective parts. 

Ball bearings 
Check the shaft for noisy or heavy operation (turn the shaft by 
hand). Replace defective ball bearings. 
A general overhaul of the pump is usually required in case of 
defective ball bearings or poor motor function. This work must 
be carried out by an authorized service workshop. 

The ball bearings must be replaced at least every 
25,000 operating hours. 

Note: Out of consideration for the heat-conducting ability, the 
pump should be cleaned on the outside at regular intervals. 

7.1 Oil check and oil change 
The oil chamber has two screws, A and B, for oil drainage, oil fill- 
ing and level control. Horizontally installed pumps (version 6) 
have a third screw, C, for oil drainage. 

On horizontally installed pumps (version 6), the oil screws are al- 
ways positioned as shown in fig. 12. 

Fig. 12 

In the case of pumps with 8- or 10-pole motors of 22-50 kW and - 

pumps with motors larger than 50 kW, the oil can be changed 
while the pump is standing upright. The screw B is used for the in- 
dication of the oil level in the oil chamber, see fig. 13. 

Fig. 13 
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Proceed as follows: 

1. Place the pump in such a position that the screw A is pointing 
upwards. 

When slackening the screw A of the oil chamber, note 
that pressure may have built up in the chamber. Do 
not remove the screw until the pressure has been 
fully relieved. 

2. Place a clean container under the pump to collect all the 
drained-off oil. Slacken the screw B pointing to the side and 
observe the oil level. The drained-oft quantity of oil indicates 
whether the lower mechanical shaft seal is leaking, which may 
be normal. 

3. Turn the pump or remove the screw C and allow all the oil to 
drain from the chamber into the container. Pour an oil sample 
into a glass container and observe the condition of the oil. 
Clear oil can be reused. 
Emulsified oil must be changed and disposed of. 
Note: Used oil must be disposed of in accordance with local 
regulations. 
Low oil level may indicate that the upper mechanical shaft seal 
is defective. Contact an authorized service workshop for fur- 
ther overhaul of the pump and repair, if required. 

4. Fill the oil chamber with oil through the top hole A until the oil 
level reaches the hole B. Replace the 0-rings by new rings, in- 
sert the screws and tighten securely. 

Use viscosity grade SAE 10 W 30. 

ONDINA 917 can be used in temperature class T4 
applications only. 

7.2 Inspection and adjustment of Impeller clearance 
Adjustment of the impeller clearance is only relevant for 
pumps with channel impellers (S1, S2 and 53 pumps). 

The correct impeller clearance is 0.7 mm x0.2 mm. The clearance 
should be adjusted if it is worn to 1 -2 mm or more. 

The procedures for adjustment of the impeller clearance are dif- 
ferent for pumps in submerged installation (versions 1, 2, 4 and 
5) and pumps in dry installation (versions 3, 6 and 7). 

The various procedures are described in the following sections: 

7.2.2 Adjustment of impeller clearance for pumps without inlet 
funnel in submerged installation,. 

7.2.3 Adjustment of impeller clearance for pumps with inlet funnel 
in submerged installation, 

7.2.4 Adjustment of impeller clearance for pumps without slide 
ring in dry installation, 

7.2.5 Adjustment of impeller clearance for pumps with slide ring 
in dry installation, 

7.2.6 Adjustment of impeller clearance of axial pumps. 

7.2.1 Inspection of impeller clearance for pumps 
in submerged Installation 

1. Lay the pump flat on a work bench. 

2. Locate the six fixing screws securing the pump housing to the 
motor and the three adjusting screws, see fig. i4. . 

3. Check the ctearance between impeller and pump housing all 
the way round using a feeler gauge. 

4. Turn the impeller by hand and check at several points, see fig. 
15. 

Fig. 14 

Adjusting 
screw 

Fixing 
screws 

12 

Fig. 15 

If the impeller clearance needs adjustment, follow one of the pro- 
cedures described below. 

7.2.2 Adjustment of impeller clearance for pumps 
without inlet funnel in submerged installation 

Procedure: 

1. Slacken all fixing screws and adjusting screws between pump 
housing and motor. 

2. Tap on the pump housing at several points using a rubber mal- 
let to loosen the pump housing from the motor. 

3. Close the impeller clearance by tightening three of the fixing 
screws until the impeller touches the pump housing. Do not 
use unnecessary force. 

4. Slacken the fixing screws and open the clearance to 0.7 mm 
±0.2 mm by tightening the three adjusting screws, see fig. 16. 
Check that the clearance is equal all around the suction open- 
ing. 

Fig. 16 

5. Tighten all fixing screws and check that the clearance is still 
equal all around the suction opening. 

7.2.3 Adjustment of impeller clearance for pumps 
with inlet funnel in submerged installation 

Procedure: 

1. Slacken all fixing screws and adjusting screws between pump 
housing and motor. 

2. Tap on the pump housing at several points using a rubber mal- 
let to loosen the pump housing from the motor. 

3. Close the impeller clearance by tightening three of the fixing 
screws until the impeller touches the inlet funnel. Do not use . 

unnecessary force. 

4. Slacken the fixing screws and open the clearance to 0.7 mm 
±0.2 mm by tightening the three adjusting screws, see fig. 17. 
Check that the clearance is equal all around the suction open- 
ing. 
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Fig. 17 7.2.6 Adjustment of impeller clearance of axial pumps 

The impeller clearance of a new pump is 0.8 mm and it cannot be - 

adjusted. If the impeller clearance is worn to 3 mm or more, the 
propeller and the suction part must be replaced in order to ensure 
the original duty point and efficiency. 

7.3 Explosion-proof Si, S2, S3 and SY pumps 
Overhauled and repaired explosion-proof motors are marked with 
a repair plate giving the following information: 

The repair symbol R. 

Name or registered trade mark of the repairing workshop. 

Workshop reference number relating to the repair. 

Date of overhaul or repair. 

In the event of subsequent repairs, the existing plate should be 
replaced by a new updated plateand earlier markings are re- 
corded: 

The repairing workshop must keep records of performed over- 
hauls and repairs together with records of all previous overhauls, 
repairs and possible modifications. Copies of the repairing work- 
shop's detailed records should be filed by the owner or operator 
together with the original type certificate of the explosion-proof 
motor in question. 

5. Tighten all fixing screws and check that the clearance is still 
equal all around the suction opening. 

7.2.4 Adjustment of impeller clearance for pumps 
without slide ring In dry installation 

The impeller clearance can be adjusted while the pump is 
mounted on the base stand and connected to the pipework, see 
fig. 16. 

Procedure: 

1. Slacken all fixing screws and adjusting screws between pump 
housing and motor. 

2. Tap on the pump housing at several points using a rubber mal- 
let to loosen the pump housing from the motor. 

3. Close the impeller clearance by tightening three of the fixing 
screws until the impeller touches the pump housing. Do not 
use unnecessary force. 

4. Measure the distance X between the shaft seal housing and 
the pump housing at three points using a slide caliper, see fig. 
16. 

5. Slacken the fixing screws and pull the motor 0.7 mm ±0.2 mm 
out by tightening the three adjusting screws and using the dis- 
tance X as reference. 

6. Tighten all fixing screws and check that the distance X at the 
three reference points is equal. 

7.2.5 Adjustment of impeller clearance for pumps 
with slide ring in dry Installation 

The impeller clearance can be adjusted while the pump is 
Mounted on the base stand and connected to the pipework, see 
fig. 18. 

Procedure: 

1. Slacken all fixing screws (028). 

2. Close the impeller clearance S by tightening the adjusting 
screws (074) evenly. Do not use unnecessary force. 

3. Measure and note the distance "L" between pump housing and 
suction cover at the adjusting screws. Use a slide caliper. 

4. Slacken the adjusting screws (074). 

5. Tighten the fixing screws (028) evenly so that the distance "L" 
measured at the adjusting screws is increased by 0_7 mm 
±0.2 mm. 

6. Tighten the adjusting screws and retighten the fixing screws. 

7. Check the distance "L" and readjust, it necessary. 

Fig. 18 

7.3.1 Motor cable 

Only cables which are approved by the manufacturer and suitable 
for the cable entry as to diameter, number of leads, conductor 
cross section and sheath material may be used for the motor. 

7.3.2 Cable entry 

Only EExd cable entry parts corresponding to the cable diameter 
may be used. The corresponding cable dimension marking is 
stamped on the inlet or the cable entry. - 

Secure the cable entry to the motor top cover by tightening the 
screws evenly one by one until the cable entry is lying flat against 
the top cover. 

7.3.3 Spare parts 

Damaged motor parts, such as top cover and cable entry, should 
always be replaced by new and approved parts. Motor parts must 
not be reconditioned by machining, re-tapping, welding, etc. 

7.4 Contaminated pumps 
Note: If a pump has been used for a liquid which is injurious to 
health or toxic, the pump will be classified as contaminated, 

If GRUNDFOS is requested to service the pump, GRUNDFOS 
must be contacted with details about the pumped liquid, etc. be- 
fore the pump is returned for service. Otherwise GRUNDFOS can 
refuse to accept the pump for service. 

Possible costs of returning the pump are paid by the customer. 

However, any application for service (no matter to whom it may 
be made) must include details about the pumped liquid if the 
pump has been used for liquids which are injurious to health or 
toxic. 

8. Disposal 
Disposal of this product or parts of it must be carried out accord- 
ing to the following guidelines: 

1. Use the local public or private waste collection service. 

2. In case such waste collection service does not exist or cannot 
handle the materials used in the product, please deliver the 
product or any hazardous materials from it to your nearest 
GRUNDFOS company or service workshop. 

13 
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9. Fault finding chart 

Before attempting to diagnose any fault, make sure that the fuses have been removed or the mains switch has been switched 
off. It must be ensured that the electricity supply cannot be accidentally switched on. All rotating parts must have stopped 
moving. 

The safety instructions in section 2. Safety must be read and observed. 

Fault Cause Remedy 

1. Pump does not start or 
stops without visible 
cause. 

a) No electricity supply. Check electricity supply and fuses. Start the pump 
manually and check contactor operation. 

- 

2. Pump does not start or 
stops. The control panel of 
the controller indicates 
that the motor starter or 
protection equipment has 
tripped out. 

a) Missing phase. Check electricity supply and fuses. 

b) Pump momentarily overloaded. If the fault does not disappear automatically, find 
the cause. 

c) Impeller blocked by impurities. Check impeller and clean as required. 

d) Motor starter not set correctly. Check and set as required according to rated cur- 
rent. 

e) Thermal switches tripped out. Insufficient 
motor cooling. 

Allow the motor to cool. Ensure adequate cooling 
by lowering the pump into the liquid, versions 1 and 
4. 

f) Moisture switch in motor tripped out. Contact authorized service workshop. 

g) Motor cable defective. Check for visual damages. Contact authorized 
service workshop. 

h) Fluctuating voltage. Check voltage. Permissible deviation is ±5%. 

3. Pump runs but does not 
deliver the rated flow. 

. 

a) Wrong direction of rotation. Check the direction of rotation and possibly inter- 
change two phases to the motor. 

b) Impeller loose or Wom. Check impeller and adjust as required. ' 

c) Pump or pipework blocked by impurities. Check pump and pipework and clean as required. 

d) Pump head too high. Check by measuring the pressure and reinstall dis- 
charge pipe or install new pump. 

e) Valves closed or blocked. 
Non-return valve not operating. 

Check valve position and clean as required. 

f) Air in pump or suction pipe. Vent the pump and suction pipe. Increase the stop 
level in the pit or reinstall suction pipe. 

g) Pumped liquid too dense. Dilute the liquid or change the process. 

h) Pump not properly connected to auto-cou- 
piing. 

Pump down the liquid level in pit. Lift out the pump 
and relocate the pump on the auto-coupling. 

i) Leakage in pipework. Check pipework for leaks and make tight as re- 
quired. 

j) Pump pit flushing system inadvertently acti- 
vated. 

Check function and repair as required. 

4. Pump starts, but stops im- 
mediately. 

a) Clogged pump causes motor starter to trip 
out. 

Check pump and clean as required. 

b) Overheated motor causes thermal switches 
to trip out. 

Allow pump to cool. Check for cause as above. 

c) Level switch out of adjustment or defective. Clean or set level switch or replace as required. 

5. Pump vibrating or emitting 
excessive noise. 

. 

a) Pump partly choked by impurities. Check pump and clean as required. 

b) Wrong direction of rotation. Check the direction of rotation and possibly inter- 
change two phases to the motor. 

c) Pump operates outside specified operating 
range. 

Check operating conditions., 

d) Pump defective. Check pump for damages. Repair the pump or con- 
tact an authorized workshop, if necessary 

e) Pump not properly connected to auto-cou- 
piing. 

Pump down the liquid level in pit. Lift out the pump 
and relocate the pump on the auto-coupling. 

f) Pump cavitates. Check pump for partial suction blockage and clean 
as required. Check duty point and adjust as re- 
quired. 

g) Base stand, auto-coupling, ring stand or 
guide rails not installed correctly. 

Check installation and tighten bolts where neces- 
sary. 

6. Oil watery or emulsified. a) Lower mechanical seal leaking. Contact authorized service workshop. 

7. Low oil level. a) Upper mechanical seal leaking. Contact authorized service workshop. 

14 
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Denmark 
GRUNDFOS DK A/S 
Foul Due Jensens Vej 7A 
DK-8850 Bjerringbro 
TIL: +45-87 50 50 50 
Telefax: +45-87 50 51 51 
E-mail: info GDKOgrundfos.corn 
vdww.grunctFos.com/DK 

Argentina 
Bombes GRUNDFOS de Argentina S.A. 
Ruta Panamericana km. 37.500 Lote 34A 
1619 - Garin 
Pcia. de Buenos Aires 
Phone: +54-3327 414 444 
Telefax: +54-3327 411 111 

Australia 
GRUNDFOS Pumps Pty. Ltd. 
P.O. Box 2040 
Regency Park 
South Australia 5942 
Phone: +61-8-8461-4611 
Telefax: +61-8-8340 0155 

Austria 
GRUNDFOS Pumpen Vertrieb Ges.m.b.H. 
Grundlosstrafie 2 

A-5082 04'6:lig/Salzburg 
Tel.: +43-6246-883-0 
Telefax: +43-6246-883-30 

Belgium 
N.V. GRUNDFOS Bellux S.A. 
Boomsesteenweg 81-83 
6-2630 Aartselaar 
Tel.: +32-3-870 7300 
Telecopie: +32-3-870 7301 

Brazil 
GRUNDFOS do Brasil Ltda. 
Rua Tomazina 106 
CEP 83325 - 040 
Pinhais - PR 
Phone: +55-41 668 3555 
Telefax: +55-41 668 3554 

Canada 
GRUNDFOS Canada Inc. 
2941 Brighton Road 
Oakville, Ontario 
L6H 6C9 
Phone: +1-905 829 9533 
Telefax: +1-905 829 9512 

China 
GRUNDFOS Pumps (Shanghai) Co. Ltd. 
22 Floor, Kin Hua Lian Building 
755-775 Huai Hai Rd, (M) 
Shanghai 200020 
PRC 
Phone: +86-512-67 61 11 80 
Telefax: +86-512-67 61 81 67 

Czech Republic 
GRUNDFOS s.r.o. 
Cajkovskdho 21 
779 00 Olomouc 
Phone: +420.585-716 111. 
Telefax: +420-585-438 906 

Finland 
OY GRUNDFOS Pumput AB 
Mestarintie 11 

Plispankyla 
FIN-01730 Vantaa (Helsinki) 
Phone: +358-9 878 9150 
Telefax: +358-9 878 91550 

France 
Pompes GRUNDFOS Distribution S.A. 
Parc d'Activites de Chesnes 
57, rue de Malacombe 
F-38290 St. Quentin Fallavier (Lyon) 
Tel.: +33-4 74 82 15 15 
Telecopie: +33-4 74 94 10 51 

Germany 
GRUNDFOS GMBH 
Schluterstr. 33 
40699 Erkrath 
Tel.: +49-(0) 211 929 69-0 
Telefax: +4910) 211 929 69-3799 
e-mail: infaservIce@grundfos.de 
Service in Deutschland: 

kundendienstOgrundfos,de 

Greece ' 
GRUNDFOS Hellas A.E.B.E. 
20th km. Athinon-Markopoutou Av. 

P.O. Box 71 
GR-19002 Peania 
Phone: +0030-210-66 83 400 
Telefax: +0030-210-66 46 273 

Hong Kong 
GRUNDFOS Pumps (Hong Kong) Ltd. 
Unit 1, Ground floor 
Siu Wai Industrial Centre 
29-33 Wing Hong Street & 
68 King Lam Street, Cheung Sha Wan 
Kowloon 
Phone: +852-27861706/27861741 
Telefax: +852-27858664 

Hungary 
GRUNDFOS Hungaria Kit. 
Park u. 8 
H-2045 TOrOkbalint, 
Phone: +36-23 511 110 
Telefax: +36-23 511 111 

India 
GRUNDFOS Pumps Incta Private Limited 
Rat A, Ground Floor 
61/62 Chamiers Aptmt 
Chamiers Road 
Chennai 600 028 
Phone: +91-44 432 3487 
Telefax: +91-44 432 3489 

Indonesia 
PT GRUNDFOS POrnpa 
JI. Rawa Sumur III, Wok Ill/CC-1 
Kawasan Industri, Pulogaclung 
Jakarta 13930 
Phone: +62 -21- 4606909 
Telefax: +62-21-460 6910/460 6901 

Ireland 
GRUNDFOS (Ireland) Ltd. 
Unit 34. Stillorgan Industrial Park 
Btackrock 
County Dublin 
Phone: +353-1-2954926 
Telefax: +353-1-2954739 

Italy 
GRUNDFOS Pompe Italia 
Via Gran Sasso 4 
1-20060 Truccazzano (Milano) 
Tel.: +39-02-95838112 
Telefax: +39-02-95309290/95838461 

Japan 
GRUNDFOS Pumps K.K. 
1-2-3, Shin Miyakoda 
Hamamatsu City 
Shizuoka pref. 431-21 
Phone: +81-53-428 4760 
Telefax: +81-53-484 1014 

Korea 
GRUNDFOS Pumps Korea Ltd. 
61h Floor. Aju Building 679-5 
Yeoksam-dong, Kangnam-ku, 135-916 
Seoul Korea 
Phone: +82-2-5317 600 
Telefax: +82-2-5633 725 

Malaysia 
GRUNDFOS Pumps Sdn. BM. 
7 Jalan Peguam1.11/25 
Glenmarie industrial Park 
40150 Shah Alam 
Selangor 
Phone: +60-3-5569 2922 
Telefax: +60-3-5569 2866 

Mexico 
Bombas GRUNDFOS de Mexico S.A. de C.V. 
Boulevard TLC No. 15 
Parque Industrial Stiva Aeropueno, 
Apodaca, N.L. 66600 
Mexico 
Phone: +52-81-8144 4000 
Telefax: +52-81-8144 4010 

Netherlands 
GRUNDFOS Nederland B.V. 
Postbus 104 
NL-1380 AC Weesp 
Tef.: +31-294-492 211 
Telefax: +31-294-492244/492299 

New Zealand 
GRUNDFOS Pumps NZ Ltd. 
17 Beatrice Tinsley Crescent 
North Harbour Industrial Estate 
Albany, Auckland 
Phone: +64-9-415 3240 
Telefax: +64-9-415 3250 

Norway 
GRUNDFOS Pumper A/S 
Stremsveien 344 
Postboks 235, Leirdal 
N-1011 Oslo 
Tlf.: +47-22 90 47 00 
Telefax: +47-22 32 21 50 

Poland 
GRUNDFOS Pompy Sp. z o.o. 
ul. Klonowa 23 
Baranowo k. Poznania 
PL-62-081 Przezmierowo 
Phone: +48.61-650 13 00 
Telefax: +48-61-650 13 50 

Portugal 
Bombes GRUNDFOS Portugal, S.A. 
Rua Calvet de magalhaes. 241 
Apartado 1079 
P-2770-153 Paco de Arcos 
Tel.: +351-21-440 76 00 
Telefax: +351-21-440 76 90 

Russia 
000 GRUNDFOS 
Shkolnaya 39 
RUS-109544 Moscow 
Phone: +7-095 564 88 00, +7-095 737 30 00 
Telefax: +7-095 564 88 11, +7-095 737 75 36 
e-mail: grundfos.rnoscow@grundlos.corn 

Singapore 
GRUNDFOS (Singapore) Pte. Ltd. 
24 Tuas West Road 
Jurong Town 
Singapore 638381 
Phone: +65-6865 1222 
Telefax: +65-6861 8402 

Spain 
Bombas GRUNDFOS Espana S.A. 
Camino de la Fuentecilla, sin 
E-28110 Algote (Madrid) 
Tel.: +34-91-848 8800 
Telefax: +34-91-628 0465 

Sweden 
GRUNDFOS AB 
Box 63, Angeredsvinkeln 9 
S-424 22 Angered 
Tel.: +46-771-32 23 00 
Telefax: +46-31 331 94 60 

Switzerland 
GRUNDFOS Pumpen AG 
Bruggacherstrasse 10 
CH-8117 FaltanderaH 
Tel.: +41-1-806 8111 
Telefax: +41-1-806 8115 

Taiwan 
GRUNDFOS Pumps (Taiwan) Ltd. 
14, Min-Yu Road 
Tunglo Industrial Park 
Tunglo, Miao-Li County 
Taiwan, R.O.C. 
Phone: +886-37-98 05 57 
Telefax: +886-37-98 05 70 

Thailand 
GRUNDFOS (Thailand) Ltd. 
947/168 Moo 12, Bangna-Trad Rd., K.M. 3, 
Bangna, Phrakanong 
Bangkok 10260 
Phone: +66-2-744 1785 ... 91 
Telefax: +66-2-744 1775 ... 6 

Turkey 
GRUNDFOS POMPA SAN. ve TIC. LTD. STI 
Buigurlu Caddesi no. 32 
TR-81190 OskOdar Istanbul 
Phone: +90 - 216-4280 306 
Telefax: +90 - 216-3279 988 

United Arab Emirates 
GRUNDFOS Gulf Distribution 
P.O. Box 16768 
Jebel All Free Zone 
Dubai 
Phone: +971-4- 8815 166 
Telefax: +971 -4- 8815136 

United Kingdom 
GRUNDFOS Pumps Ltd. 
Grovebury Road 
Leighton Buzzard/Beds. LU7 8TL 
Phone: +44-1525-850000 
Telefax: +44-1525-850011 

U.S.A. 
GRUNDFOS Pumps Corporation 
17100 West 118th Terrace 
Olathe. Kansas 66061 
Phone: +1-913-227-3400 
Telefax: +1-913-227-3500 

Addresses revised 12.08.2004 
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BE>THINK>INNOVATE> 
Being responsible is our foundation 

Thinking ahead makes it possible 
Innovation is the essence 

96 47 89 64 osas 
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Operator's Manual 

This manual contains instructions for installation, use and maintenance of Sarlin submersible pumps of 
frame sizes 58, 62, 66 and 70 comprising the following pumps: 

50 Hz 

Frame size 58 Frame size 62 Frame size 66 Frame size 70 

S1 224 L S1 304 L S1 554 AH S1 854 H S2 1154 M 

S1 224 M S1 304 M S1 654 AH S2 854 M S2 1154 H 

S1 224 H S1 304 H S2 554 AM S3 658 L S2 1304 L 

S1 264 L S1 404 L S2 654 AM S3 658 M S2 1304 M 

51 264 M S1 404 M S2 278 M S2 658 H S2 1304 H 

51 264 H S1 404 H S2 358 M S3 806 L S3 1306 L 

S2 224 L S2 304 AL S2 508 L S3 806 M S3 1306 M 

S2 264 L S2 304 M S2 508 M S2 806 H S2 1306 H 

S2 404 AL S2 508 H S3 1006 L S2 1604 L 

S2 404 M S3 1006 M S2 1604 M 

S2 1006 H S2 1604 H 

Operator's Manual Oy Grundfos Environment Finland Ab 
PL 1036 

00101 Helsinki, FINLAND 
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Operator's Manual 

60 Hz 

Frame size 58 Frame size 62 Frame size 66 Frame size 70 

S1 244 H S1 424 L S2 328 S3 808 L S2 1604 M 

S1 314 L S1 424 M S2 408 S3 808 M S2 1106 M 

S1 314 M S1 424 H S3 578 L S2 808 H S2 1106 H 

S1 314 H S1 524 L S2 578 M S2 1004 M S3 1406 L 

S2 314 L S1 524 H S2 578 H S2 1004 H S3 1406 M 

S2 424 AL S2 704 M S2 1204 M S2 1406 H 

S2 524 AL S1 704 H S2 1204 H 

The manual also contains specific instructions for the pumps in this range executed in explosion-proof 
construction. The pumps are further specified in the applicable Sarlin pump preselection sheet and in 

the individual pump data and curve sheets. These documents are available on request from Oy E. Sar- 
lin Ab at the address below or from your nearest Sarlin dealer. 

Oy Grundfos Environment Finland Ab 
PL 1036 
00101 Helsinki, FINLAND 

Operator's Manual 
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1. Definitions 

1.1. About this manual 

This instruction manual has been prepared by the Technical Department of the Pump Division of Oy E. 
Sarlin Ab. It provides instructions on the installation, commission, function, operation and maintenance 
of Sarlin submersible pumps. 

The manual is directed at pump and municipal engineering professionals. These professionals are 
expected to have working knowledge of pumps and pumping in general as well as of pump operation 
and maintenance. 

The illustrations in this manual may not exactly depict all pumps covered but are provided as general 
reference on dimensions and as an illustration of a particular operation being described. 

1.2. Measurement Units 

The SI system of measurement units, as implemented for pumping use by the ISO standard 2548, is 
used in this manual wherever reference is made to dimensions or other quantities. The unit used in 
drawings for the length dimension is millimetre (mm). 

1.3. CE Marking 

The Sarlin submersible pumps bear the CE marking according to the Declaration of Conformity forming 
the Section 11. The CE marking is presented on the pump rating plate affixed to the pump top cover. 

CE 
1.4. Notes, Attentions and Warnings 

Notes, attentions and warnings are provided throughout this manual to provide important information to 
the reader. 

NOTE 

ATTENSION 

A note is used to convey special information or to highlight an operating 
procedure or practice that requires specific information, knowledge, tools 
or equipment in order to achieve the desired result. 

An attention is used to convey special information or to highlight an oper- 
ating procedure or practice where non-compliance could lead to damage 
of the unit or other equipment. 

A warning or safety instruction provides instructions on an operating pro- 
cedure or practice where nonobservance may lead to serious personal 
injury or cause danger to the life of operation personnel or others. 

A warning of the presence of dangerous voltage is provided with this 
symbol. Disregard of the warning may lead to electrical shock with con- 
sequent risk of serious personal injury or death of the operational person- 
nel. 
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2. Pump Information 

2.1. Type Designation Code 

Each Sarlin pump is identified by the type designation code provided in full on the order acknowledge- 
ment and other documentation accompanying the pump upon delivery. The code comprises 15 items in 

the following fashion: 

100 4 H 1 A 5 11 P Z R 

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

The shaded code items are provided on the rating plate of the pump. 

Code Item 

1. Pump type 

2. Impeller 

3. Motor specification 

4. Motor power 

5. Motor pole number 

Description 

S Sarlin S-type 

Vortex 
1 Single channel 
2 Double-channel 
3 Three-channel 
4 Four-channel 
N Multi-channel 
A Axial 
S Semi-axial 

[] Standard 
X Explosion-proof 

Motor power in kW 

Indicates motor speed at 
60 Hz 
rpm 

60 Hz 
rpm 

2 2-pole 3000 3600 
4 4-pole 1500 1800 
6 6-pole 1000 1200 
8 8-pole 750 900 
10 10-pole 600 720 
12 12-pole 500 600 
14 14-pole 428 514 

6. Generation marker 

7. Impeller classification 

[] 1st generation 
A 2nd generation 
B 3rd generation, etc. 
The generation indicator differentiates between structurally 
different pumps that have the same power rating. 

[] No classification 
F Ultra low head 
E Extra low head 
L Low head 
M Medium head 
H High head 
S Super high head 
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8. Installation version 1 Submerged with baseplate and guide rails. 
2 Submerged with baseplate and guide rails. 

May operate continuously with motor exposed. 
3 Vertical dry with stand. 
4 Submerged portable. 
5 Submerged portable. 

May operate continuously with motor exposed. 
6 Horizontal dry with stand. 
7 Submerged in column 

9. Interchangeability Interchangeability letter (A, B, C...) indicates interchange- 
ability limitation of parts between otherwise identical pumps. 
Pumps with no or the same letter have full interchangeability 
of all parts and use the same spare parts catalogue. 

10. Supply phase number 

11. Supply frequency 

12. Voltage and starting 

13. Special features P Indicates that protection circuitry is included 
in motors on models where this feature is optional. 

U Flanges drilled to ANSI specifications. 
Protection circuitry provided. 

14. Non-standard items D Trimmed impeller 
C Cable length 
Z Combination of D and C or other. 

Refer to order acknowledgement for details 

15. Construction material [] Standard materials 
R All stainless steel 
S Wet parts, including volute, impeller, 

oil housing and guide shoe (version 1 & 2) stainless 
steel 

Q Impeller stainless steel 

[] 3-phase 
1 1-phase 

5 50 Hz 
6 60 Hz 

50 Hz 60 Hz 
01 400 V, DOL 01 460 V DOL 
11 400 V, Y/D 11 460 V Y/D 
02 230 V, DOL 03 500 V DOL 
12 230 V, Y/D 13 500 V Y/D 
03 415 V, DOL 05 380 V DOL 
13 415 V, Y/D 15 380 V Y/D 
04 500 V, DOL 07 220 V DOL 
14 500 V, Y/D 17 220 V Y/D 
06 690 V, DOL 
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2.2. Rating Plate Information 

All pumps can be identified by the rating plate (located on the top cover of the motor). If the rating plate 
is missing or damaged the pump can be identified by the serial number stamped in the casting located 
under the rating plate. 

SARLIN 
HELSINKI FINLAND 

(0 

H 

WEIGHT 

C)C E 

Ci 

In kg 

l/s 

m V© 

IP 68 

20 m 

1. Type designation 

2. Serial number 

3. Nominal motor power 

4. Mains voltage for delta (D) and star (U) 
connection. If the value for star connec- 
tion is given in brackets, the pump can 
be connected in delta only 

5. Frequency, 50 or 60 Hz 

6. Nominal drawn current for delta and star 
connection 

7. Mains phase number 

8. Fuse rating in delta connection 

9. Nominal motor speed 

10. Volume rate of flow range 

11. Maximum submergence 

12. Head range 

13. Gross weight 

14. CE Marking 

15. Year of manufacture 

16. Encapsulation class IEC 

Pumps rated for use in an explosive environment (EX-pumps) are fitted with additional nameplates 
(located on the side of the motor stator housing). Please refer to the Section 10 for information on the 
rating plates. 

2.3. Pump Noise Emission 

Without taking account of installation effects the noise level emitted from the pump proper is less than 
70 dB(A) when it is measured according to the following procedures: 

The noise level is measured for various load conditions with readings taken at different pump 
duty points on the entire operating range. 

Submersible pump noise is measured at a point 1.6 m above the wet well rim with the pump 
submerged to minimum depth according to installation version requirement. 

Dry-installed pump noise is measured at a distance of 1 m from the pump and at 1.6 m above 
floor level at four points in different direction quadrants. Highest measured value is used for 
assessment. 
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3. Safety 
These general safety instructions must be read and understood before any work on or operation of the 
pumps. All sections of this manual dealing with specific aspects of pump handling and operation 
contain safety information on each matter at hand where required. 

3.1. Regulations and Standards 

All work involving the installation and use of machinery is regulated by various local occupational 
safety ordinances, rules and regulations issued by governmental authorities or other pertinent bodies. 
It is required that these rules are acquired and followed at all phases and times of installing, using and 
maintenance of the Sarlin submersible pumps. 

3.2. Duties of Owner and Operator 

The owner and operator of a pump installation is responsible for the safe conduct of all work and 
actions on the pumps by employees and subcontractors. The owner must make certain that at least the 
following procedures are carried out whenever dealing with these submersible pumps: 

Pertinent safety actions must be undertaken whenever required by apparent risk or danger 
situation 

Pumps and equipment must be inspected for safety and function before any activity is 
commenced 

All concerned personnel and third parties must be informed both on any known danger or risk 
prevailing at the installation or operation site and the procedures of safe work during special 
circumstances 

All work should be carried out by qualified personnel only using the pertinent personal safety 
equipment, such as safety glasses or goggles, hearing protection, hard hats and protective 
clothing, as required by the work in progress 

All work in confined or potentially dangerous areas, such as pumping wells, should be done 
under close supervision only. All work sites should have one person appointed responsible for 
safety procedures. 

Any effluent or waste harmful to the environment must be disposed of in a suitable manner 
during all phases of work 

3.3. Duties of the Personnel 

All persons involved in the installation, operation or maintenance work of submersible pumps and 
equipment must familiarise themselves with these safety instructions before beginning to work. All 
persons must follow these procedures during the work on the installation, operation and maintenance 
of submersible pumps: 

Always follow occupational safety and hygienic instructions for work in wastewater 
installations. All work phases must be conducted safely with special consideration of personal 
hygiene. 

Wear at all times the required personal safety equipment, such as safety glasses or goggles, 
hearing protection, hard hats, breathing masks and protective clothing as required by the work 
in progress 

Acquire information on the following important items before commencing the work: 

- Potential danger from pump and equipment including the danger of exposure to oil and 
chemical substances 
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- Environmental dangers at the work site, such risk of explosion, noxious gases, steam, 
lack of oxygen and chemicals 

- The function of the safety features on pumps and other equipment 

- Operational controls and the location and operation of emergency stop buttons 

Make sure that the required controls, especially the stop button, are within reach at all times 

Make sure that all emergency exits are available and kept free of obstructions 

Learn the use of the fire extinguishing equipment on the site 

Make sure that starting the equipment can be done safely for people and equipment 

Do not start any equipment if there is any risk of danger from malfunctioning or lack of safety 
equipment 

Never start a pump if people are present in the pump well or in the wet well. 

Start a pump only after any operational problem has been fixed or service job properly 
completed and all damaged parts exchanged 

Conduct all visual inspections according to schedule 

Report all pump or operational problems or findings to your supervisor or the service 
department 

Stop all pumps immediately in case of malfunction. Especially if any people or equipment is in 
danger 

Work only on pumps that have been stopped and safely isolated from the electrical supply to 
prevent accidental starting. Remove fuses or have an authorised electrician disconnect the 
pump. 

At all times keep all safety instructions available and visible as well as pump identification and 
rating plates readable 

Do not make unauthorised modifications or changes to the pumps or to other equipment 

Dispose of all effluents, such as used oil, properly. Clean up all spills and report all accidental 
effluent emissions in the environment 

Keep the pumping station or installation site clean and in order at all times 

3.4. Qualifications 

Qualification for installation, operation or maintenance of submersible pumps and their equipment is' 
defined as a combination of formal and on-the-job training on the subject. Special qualifications are 
acquired i.e. by: 

Formal training in mechanical engineering combined with work experience and company 
training on pumps and pumping 

Formal training in electrical engineering with official authorisation for low and high voltage 
installation work 

Qualification for work on submersible pumps and accessories requires further the following from all 
persons qualifying: 

Knowledge of these instructions and the pumps in question 

Education or experience in the implementation of official safety procedures at mechanical 
installation, operation and maintenance work 

Knowledge of first aid 
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3.5. Dangers 

Disregard of the warnings in these instruction may lead to equipment 
damage and/or personal injury or death of the operating personnel. 

3.6. Transportation 

Lifting devices must be used for the handling of all pumps and other equipment weighing more than 50 
kg. Items weighing between 35 kg and 50 kg may be lifted only without lifting device but not carried or 
positioned for installation by a person. 

Suitable pallets or other cargo securing devices must be used if fork lifting devices are used. 

The equipment must be properly secured to floor or wall surfaces if hoists are used for pump lifting and 
lowering into wells. The hoist rating must not exceed under any circumstances. 

All hooks, chains and slings used with a hoist must have a suitable rating and must only be used 
according to instructions. The submersible pump may only be lifted from its lifting handle unless 
expressly advised otherwise in these instructions. 

Submersible pumps must never be lifted by the electric supply cable, the 
delivery pipework or the hose. The risk of the damage to equipment or 
electric shock with consequent risk of serious personal injury or death 
may follow. 

Do not walk under hoisted pumps or attempt to work on pumps 
supported by hoist only. The risk of serious injury may follow to operating 
or servicing personnel. 

Pumps must be handled with suitable care during all phases of transportation. Do not bump pumps or 
leave unsupported on uneven or slanting surfaces. Protect pumps from falling objects at construction 
sites. 

ATTENSION Do not remove pump cable free end protection sleeve until necessary for 
electrical connection work. Never subject cable free end, protected or 
unprotected, to moisture or water. Non-compliance may lead to moisture 
seepage into cable with consequent risk of damage to motor. 

3.7. Installation and Connection 

Make sure before commencing installation work that the site is cleared from construction debris and 
that the site is suitably prepared for work. Install protective barriers around openings to wet wells and 
elsewhere where required. Restrict access to the site to necessary installation crew only. 

Observe all safety rules at installation site, such as the usage of blowers for the supply of fresh air to 
well sites. 

Fasten pump lifting chains and power cables so as to prevent them from being sucked into pump 
suction during pump testing. 

Use only approved pipework assembling practices when connecting pumps with flanged joints. 
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All electrical connection work, either for testing purposes during work or final, may be done by suitably 
qualified and certified electrician only. 

Electrical switchgear and supply lines may be live at all times. Touching 
and working with electrical equipment may lead to electrical shock with 
consequent risk of serious injury or death of personnel. 

Do not insert hands or tools in pump inlet or outlet openings after the 
pump has been connected to the electrical supply without prior isolation 
of pump by removal of fuses. The pump may start with consequent 
serious injury to personnel. 

3.8. Commissioning 

Check the pump after completion of installation work for possible safety shortcomings according to 
these instructions. 

Check that all safety installations on site are completed according to site and installation plans of all 
associated equipment. Do not attempt commissioning the pump if the installation of the specified 
safety equipment on the site, such as wet well access covers and barriers, switchgear enclosures, fire 
extinguishers, etc., is incomplete. 

All installed equipment must be protected against damage from contact with equipment used on site, 
i.e. vehicles and hoisting equipment. 

3.9. Operation and Control 

Make sure that no persons work on the pumps or in areas where danger may arise from running the 
pumps whenever manually starting pumps or switching them to the automatic control. 

Check the pump operation for abnormal noise or vibrations while the pump is running. Compare the 
actual output and the metered data with the data on the rating plate or supplied in the pump 
specifications. 

ATTENSION Stop the pumps immediately if you note abnormal noise or vibrations 
from the pumps or any other problems with the pump operation or the 
electric supply. Do not attempt to restart the pumps before the reason for 
the problems has been established and the problems solved. 

The operation of the pumps should always be governed by established routines with scheduled 
controls of pump monitoring equipment and accessories (valves, etc.). Make sure that the pump and 
equipment settings are not tampered or otherwise adjusted without authorisation. 

3.10. Servicing 

Servicing may be undertaken only after the pumps have been effectively isolated from the electric 
supply. Pumps may be disconnected only by a certified electrician. The responsible operator must 
always be notified before any work on the pumps may begin. 
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Wet wells may only be accessed using appropriate personal protective equipment and clothing. All wet 
well work must be directly supervised by one person who stays outside for safety reasons. 

Submersible pump wet wells contain sewage with toxic substances and/ 
or pathogens. Entering wet wells or withdrawing of pumps must therefore 
always be carried out carefully observing hygienic precautions. All 
persons involved must wear appropriate personal protective equipment 
and strictly follow personal hygienic procedures. 

All pumps and other equipment withdrawn from the wet well must be thoroughly cleaned before work 
can begin. The use of pressure or steam cleaning and disinfectants is strongly recommended. No 
flammable or toxic industrial solvents nor strong detergents may be used. Grease and oil may be 
removed using approved solvents only. 

Make sure all washing effluents are disposed of properly according to local instructions and 
regulations. 

After the cleaning the pumps must be inspected for visible damage. The lifting handle and chain must 
be inspected for breakage or wear before any attempts to lift the pump. 

Do not use undue force when working on the pumps, especially when loosening bolted connections 
and other fasteners. Tighten loose connections to the specified torque whenever observed using the 
correct tools and procedures. 

Check the working atmosphere for explosive substances before beginning to weld or to use electric 
tools. Make sure that the object is safely isolated from the power mains. 

Collect all waste and especially used lubrication oil in containers and dispose all properly. Oil spills 
must immediately be wiped or collected using suitable absorbent material and disposed of. Never 
dispose oil to the sewers or to the environment. 

Report all damages on the electric equipment and supply cables to an authorised electrician for 
appropriate repair actions. Replace burned fuses with new ones of the correct rating only. Use only 
slow-blow fuses fomotors. 

Reinstall protective equipment immediately after completion of work. 

Repairing 

ATTENSION Do not make unauthorised modifications to the pumps or accessories. 
Never make modifications that affect the safety of the equipment. 

Troubleshooting and repairs on the pumps may be made only to the extent described in this manual. 
Should more extensive repair or modifications of the pumps be needed, it has to be referred to an 
authorised SARLIN service agent or company only. Unauthorised repair or modifications of the pumps 
will void the product guarantee. 

ATTENSION Worn or damaged parts lower the operational safety and must be 
replaced whenever noted. 

Only original SARLIN spare parts must be used. The usage of unauthorised spare parts voids the 
guarantee and may lower the product safety. 

Replace all worn fasteners when assembling. Always use torque wrenches or spanners when 
tightening fasteners to specified torque. Replace all locking washers with new original spare parts. 
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3.11. Disposal and Environment Protection 

The pump owners are responsible for the correct disposal of waste and other by-products from the 
operation of the pumps. The following substances will have to be dealt with: 

Sewage or other pumped liquids that may travel with the pumps to service sites or other 
outside locations 

Lubricants 

Cleaning agents and solvents 

Other debris and trash, such as replaced pump parts and accessories 

Scrapped pumps must be cleaned and emptied of all lubricants before disposal. Old pumps should be 
dismantled and the parts should be used for recycling as appropriate. Non-recyclable parts not 
containing contaminants only may be disposed of in municipal landfills or brought to garbage collecting 
stations. 

Never dispose of waste oil and grease in the environment or the sewerage system. Follow local rules 
for their safe disposal at all times. 
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4. Pump Handling 

4.1. Pump Weight and Dimensions 

The pump gross weight is stated on the pump 
rating plate located on the top cover of the 
pump motor. Complete pump weight and 
dimension information is given on the individual 
pump data sheets. Installation dimensions of 
pump baseplates and stands are found in sec- 
tion 5. For weights of separate parts please 
refer to the transportation and delivery docu- 
ments or project specifications. 

4.2. Pump Lifting and Site Transportation 

The pumps in this manual may be lifted and 
positioned using an appropriate lifting aid or 
hoist only. All lifting equipment must be rated 
for the intended load and checked for damages 
before any attempts are made to lift pumps. 
Use only adequate chains, shackles, hooks 
and bands as required. Make sure that enough 
room is available for safe handling of the 
pumps along the transport route and at the end 
location. Items weighing less than 35 kg may 
be lifted and positioned for installation by hand. 
Figure 4.1 shows correct pump lifting method. 

ATTENSION 

Figure 4.1 Lifting pump using hoist 

Do not attempt to lift pump at any other point than the lifting handle 
unless expressly advised otherwise in these instructions. Tipping over of 
the pump may lead to damage to pump or other equipment. 

Do not lift the pump from the electric cable under any circumstances. An 
electric short and risk of shock to the personnel may follow if the pump is 

connected to the mains. The cable and cable inlet may be damaged, 
leading to loss of watertightness and consequent severe damage to the 
motor. 

New pumps should not be unpacked from their transport crates until brought to the installation site. 
Secure other pumps to pallets or otherwise if transported by fork lifting equipment. Handle pumps with 
care whenever handling or lifting. 

The pumps covered by this manual are delivered from the factory completely assembled and no further 
assembly is required (except with the frame sizes 74 and 78 which are delivered in two parts). 

4.3. Pump Accessories 

The pump delivery may contain various accessories as required by the installation. Depending on 
pump installation version and scope of delivery these may include the pump baseplate, guide rails and 
upper guide rail holders, lifting chains with the suspension equipment, access covers and the control 
equipment. It is essential that these items are checked against delivery documents and stored safely 
until needed for installation. 
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4.4. Pump Storage 
The pumps are prepared and packed at the factory for overland transportation by covered carriage. 
Upon delivery the pumps should be stored in a dry and covered area if storage for a prolonged period 
is foreseen. 

ATTENSION 

ATTENSION 

Do not remove the original watertight closure of the pump cable free end 
during storage. Make sure that the cable is coiled and secured to the 
pump and protected from exposure to water. Otherwise the water may 
seep into the cable and reach the motor with a consequent risk of 
causing severe damage to the motor windings. 

If new pumps are being stored for a period longer than 2 months the 
pump impeller should be turned by hand at least every two months to 
prevent the lower mechanical seal faces from possibly bonding from 
drying. Failure to do so may lead to seal damage when the pumps are 
started. If the impeller cannot be turned by hand the pump must be 
referred to an authorised shop for service before being commissioned. 
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5. Pump Installation 

ATTENSION Always read and observe the safety instructions in section 3.7 before 
beginning to install pumps. 

5.1. Installation Versions 

The pumpS are configured for different installations, either submerged or dry according to the following 
schedule of installation versions: 

Version 1 

Version 2 

Version 3 

Submerged with baseplate and guide rails. Permanent installation in wet well 
where the pump can be easily withdrawn from and lowered into the wet well 
along guide rails. A guide shoe bolted to the pressure flange connects 
automatically to a matching baseplate mounted on the wet well floor where the 
pump is kept in place by its own weight. The pump motor cooling is by 
submergence in the liquid requiring that the lowest continuous liquid level in the 
wet well is set at half motor level. Please refer to figure 5.1. 

Similar to version 1 but with motor cooling independent of submergence in the 
pumped liquid by means of a cooling jacket encasing the motor stator housing. 
The lowest continuous liquid level in the wet well may be set lower. Please refer 
to figure 5.1. 

Vertical dry installation with stand. Permanent installation in dry well with pump 
con-nected to suction line and rising main by bolted flange connections. Pump 
motor cooling is by means of a cooling jacket encasing the motor stator 
housing. Please refer to figure 5.2. 

op op I, o, op op op op op 

0 00 0.9L- 0 0 0 0 00 

Pump versions 1 and 2. 

Continuous liquid level can be set 
lower for version 2. 

Figure 5.1 

1 01. 
a. 0. 0. a 

a. 0. 

Figure 5.2 Pump version 3. 
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Version 4 

Version 5 

Version 6 

Submerged with stand for portable use in wet wells or for temporary use. The 
pump is equipped with a hose coupling for connection to delivery hose. The 
pump motor cooling is by submergence in the liquid requiring the pump is 
submerged to at least half motor level when operating. Please refer to figure 
5.3 for details. 

Similar to version 4 but with motor cooling independent of submergence in the 
pumped liquid by means of a cooling jacket encasing the motor stator housing. 
Pump must be submerged sufficiently for the required suction head only. 
Please refer to figure 5.3 for details. 

Horizontal dry installation with stand. Permanent installation in dry well with 
pump connected to suction line and rising main by bolted flange connections. 
Pump motor cooling is by means of a cooling jacket encasing the motor stator 
housing. Please refer to figure 5.4 for details. 

Figure 5.3 Pump versions 4 and 5. 

Continuous liquid level can be set 
lower for version 5. 

Version 7 Vertical column installation. Permanent submersible installation in steel tube or 
concrete shaft. The circular pump casing fits onto a seat ring installed at the 
shaft or tube bottom opening and the pump stays in place by its own weight 
and from the reaction forces from the pumping action. The pump casing is 

special for the version and is open with trailing vanes. The version finds 
applications mostly in raw water applications for low and moderate delivery 
heads. Please refer to figure 5.17. 
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5.2. Installation of Foundations for Versions 1 and 2 

Make sure before commencing installation 
work the construction work is finished accord- 
ing to specifications. It is especially important 
that the surface under the baseplates is level 
and even. 

Begin the work by fastening the upper guide 
rail holder (figure 5.5, use Sarlin part according 
to table 5.1 or equivalent third party fitting) in its 
final position relative to the wet well access 
opening. Use appropriate fasteners only. Lower 
the baseplate(s), selected according to table 
5.1 as required, onto the wet well floor and 
place them approximately in their final position. 
Please refer to figures 5.7, 5.6, 5.8 and 5.9 
below for reference on dimensions. 

NOTE 

Figure 5.5 Upper guide rail holder with expanding 
dowels. 

The baseplates can be positioned exactly using a plumb line suspended 
from the upper guide rail holder. The baseplate integral lower guide rail 
ears are used for correct line-up reference. 

Mark the foundation bolts on the wet well floor 
and remove the baseplate. Install the baseplate 
bolts or sleeves using appropriate expansion 
elements or by grouting. Use M 24 or M 30 
installation bolts. Fix the baseplate to the floor 
and tighten the bolts or nuts to the torque 
specified in the fastener specifications. 

Install the pressure pipework in the wet well 
according to project plumbing specifications. 
Use ISO PN 10 flanged joints for the baseplate 
delivery bend connection. 

NOTE 

Table 5.1 Selection of upper guide rail holders 
and baseplates 

Pump size Upper guide 
rail holder 

Baseplate 

DN 150 71- 32462E UK 35402 

DN 150/200 71- 32462E UK 35552 

DN 200 71-32462 F UK 35524 

DN 250 71-32462 G UK 35606 

DN 300 71-32462 G UK 35481 

DN 500 71-32462 H UK 35716 

Make sure that the pipework is insta led without the use of undue force. 
The use of pipe joints with loose flanges is recommended for ease of 
installation and to avoid pipe tension at flanges and bolts. 

Mark the correct length of the guide rails considering that the upper guide rail holder rubber dowels will 
go into the guide rail. Cut the guide rails to length and install them by removing the upper guide rail 
holder dowels and slide the rails into the lower guide rail ears on the baseplate. Reinstall the guide rail 
holder dowels and tighten the nuts so as to expand the rubber elements. The guide rails are now 
installed and the pumps can be lowered into the wet well. 
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100 150 

Figure 5.6 DN 150 and DN 150/200 guide rail 
system installation dimensions. 
The variable dimensions are given 
in table 5.2. 

8)(45° 022 320 

DN200, PN10 

Figure 5.7 DN 200 guide rail system installation 
dimensions 

Table 5.2 DN 150 and DN 1501200 baseplate dimensions 

Baseplate DN D Dt d h A B C 

UK 35402 150 285 212 240 24 630 250 265 

UK 35552 200 340 268 295 26 680 300 315 
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12x30° 023 370 

DN250, PN10 

0.4 

Figure 5.8 DN 250 guide rail system 
installation dimensions 

12x30° 023 

DN300, PN10 

Figure 5.9 DN 300 guide rail system installation 
dimensions. 
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Figure 5.10 DN 500 guide rail system installation dimensions. 

5.3. Pump Installation Version 1 and 2 

Prepare the pump for lowering into the wet well by fastening the lifting chain to the pump handle and 
by uncoiling the electric cable. Make sure your lifting device is in working order. 

ATTENSION Use only the original lifting chain and shackle or if third-party components 
are used make sure that these are rated for the pump weight. Inferior 
components may break and cause the pump to fall with risk of severe 
damage to the pump and the accessories. 
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Lift the pump and position the guide shoe 
between the guide rails at the access opening. 
Please refer to figure 5.11 for reference. Lower 
the pump slowly along the guide rails onto the 
baseplate. Make sure that the pump cable can 
move freely and does not seize or fall into the 
well. Attach the upper end of the lifting chain to 
a suitable hook or eye bolt at or near the upper 
guide rail holder. Remove chain slack by 
cutting off the surplus length if necessary. 

Route the pump cable through a suitable 
conduit to the control panel and secure with 
clamps where necessary. Do not unnecessarily 
remove the protective sleeve on the pump free 
end. The pump cable should not be cut to 
length, but laid in loops so that the end easily 
reaches the terminal blocks. Connection to the 
control panel terminals may be completed by 

authorised electrician only. Please refer to 
section 5.8 for information on pump wiring. 

Figure 5.11 Pump being lowered onto submersible 
baseplate. 

5.4. Pump Installation Version 3 

Before commencing installation work make sure that the construction work is finished according to 
specifications. It is especially important that the surface under the pump stands is level and even. 

For pumps installed on raised foundations the foundations must be cast or constructed according to 

the sketch in figure 5.13. 

NOTE For ease of installation, it is advisable to separate pump and stand, 
especially in cramped locations. The pump should be supported when 
the fastening screws are loosened to prevent it from tipping over. The 
use of a water level is recommended for adjustment. 

For pumps with stands begin work by marking the location of the pump and stand in relation to the 
suction pipe and rising main to the extent these are installed or according to the site drawings. If 

required, use a mock-up arrangement to secure a good fit of the components. Please refer to figure 
5.12 for reference. If bolts are not provided for the pump plate on the foundations these should now be 

marked and grouted or expanded in place. Make sure that the foundation slabs are level and even. Fix 
to specified dimensions where necessary. 

Mark the foundation bolts on the dry well floor using the stand as a template. Remove the stand. Install 
the stand bolts or ground sleeves using expansion elements or by grouting. Use M24 or M28 
installation sleeves as required or equivalent foundation bolts. Fix the stand to the floor and tighten the 
bolts or nuts to the torque specified for the bolts used. Shims may be used to ensure stand is level and 
to adjust the height to fit the pipework. 

Lift the pump and lower it onto the stand or foundations. While using the hoist to support the pump 
install the suction bend underneath the pump. Use reducing bends wherever required by the pipework 
dimensions. Secure pump and suction bend to the stand plate using the original M 24 or M 28 bolts. 
Tighten to specified torque. Please refer to figure 5.14 for details on recommended piping dimensions. 
Install the pressure pipework including valves and bends according to the project plumbing 
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specifications. Connect the pump to the rising main using ISO PN 10 flanged joints for the pump 
delivery connection. Use gaskets at all joints to ensure tightness. 

NOTE Make sure that the pipework is installed without the use of undue force. 
No loads from the pipework weight must be carried by the pump. The use 
of pipe joints with loose flanges is recommended for ease of installation 
and to avoid tension at flanges and bolts. The use of elastic elements or 
bellows in the pipework is not recommended and these elements should 
never be used as a means to align the pipework. 

Figure 5.12 Vertical dry installation 
stand dimensions. The 
variable dimensions are 
given in fable 5.3. 

6. 02B 

A - A 20.18' 027 

Figure 5.13 Cast pump installation foundations. 

Table 5.3 Variable pump stand dimensions 

Stand A B DN C D E F G I 

DN 150 300 600 150 240 24 8 45° 24 120 

DN 200 325 700 200 295 24 8 45° 24 120 

DN 250 400 825 250 350 28 12 30° 24 150 

DN 300 . 450 855 300 400 28 12 30° 24 150 

DN 400 630 1152 400 515 28 12 22,5° 28 150 
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For vertical pumps (version 3) install the bend between the suction pipework and the stand. Use 
reducing bends wherever required by the pipework dimensions, please refer to figure 5.14. 

0.2 rn 

o. 

0.2 m =MHO 
Dp 

1611=1141111.211p Reducing 
Hildik\bend 

F 

0 0 

Figure 5.14 

P 
cz 9 

0 
P 

Recommended pipework 
dimensions for vertical dry-installed 
pumps. F= 0.5 x 

vmax = 2.0 m/s, G = Dp, 

+ 100mm, Rz, L. 

Figure 5.15 

.0 o 0 0 0 
0 ° 0 0 p 0 ' 0 

Eccentric 
reducer 

Recommended pipework dimensions 
for horizontal dry-installed pumps. 
F = 0.5 xD1, vma, = 2. 5 m/s. 

Reinstall the pump onto the stand, using the original fastening bolts. Install the pressure pipework 
including valves and bends according to the project plumbing specifications. Connect the pump to the 
rising main using ISO PN 10 flanged joints for the pump delivery connection. Use gaskets at all joints to 
ensure tightness. 

Uncoil the electric cable and route it to the control panel. Use cable trays and cable clamps where 
necessary. Do not unnecessarily remove the protective sleeve on the pump cable free end. The pump 
cable should not be cut to length, but laid in loops so that the end easily reaches the terminal blocks. 
Connection to the control panel terminals may be completed by authorised electrician only. Please 
refer to section 5.5 for information on pump wiring. 

5.5. Pump Installation Version 4 and 5 

Prepare the pump installation location by levelling the floor or ground under the pump to prevent the 
pump from tipping over when placed. 

Ready the pumps for installation by connecting the delivery hose to the hose connector on the pump. 
Use stainless clamps of suitable size only. Uncoil the electric cable and route it to the control panel. 
Attach a suitable lifting chain or wire to the pump handle and lower the pump into the well or pit using a 
suitable lifting device. Make sure that the pump is standing upright on its integral stand. 
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Protect the cable and fasten it using clamps or cable ties as appropriate to prevent it from falling into 
the pumping pit or well and to keep it out of way during pump usage. 

NOTE If the pump is shifted frequently and used at different locations it is good 
practice to install a cable connector at the free end of the power cable to 
simplify electrical connection. Please refer to section 5.8 for detailed 
information. 
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5.6. Pump Installation Version 6 

Figure 5.16 Horizontal dry installation. The variable dimensions are given in table 5.4. 

Table 5.4 Pump version 6 installation dimensions varying with pump frame size. 

Frame 
,PN 

Poles 
,imp 

DN 
A 

DN 
B 

C D E FM G H I J 0K 

58 4, L 200 250 220 400 115 1235 390 20 375 550 18 

58 4,M 125 200 260 400 115 1245 390 20 375 400 18 

58 4,H 125 150 220 400 115 1190 390 20 375 420 18 

62 4, L 200 250 280 450 120 1425 390 20 400 600 24 

62 4, M 125 200 245 450 120 1420 390 20 350 660 24 

62 4, H 125 150 230 450 120 1390 390 20 350 440 24 

66 8, L 500 500 480 500 440 1600 900 30 800 1200 28 

66 8, M 300 400 230 450 300 1540 700 30 600 700 28 

66 8,H 250 300 230 450 300 1540 700 30 600 750 28 

66 4, M 200 250 220 450 220 1500 700 30 400 460 28 

66 4, H 200 250 220 450 220 1500 700 30 400 600 28 

70 8, L 500 500 480 500 440 1700 900 30 800 1200 28 

70 8, M 300 400 310 450 300 1550 700 30 700 760 28 

70 8, H 250 300 230 450 300 1670 700 30 600 750 28 

70 6, L 500 500 480 500 440 1900 900 30 800 1200 28 

70 6, M 300 400 230 450 300 1670 700 30 600 700 28 

70 6, H 250 300 230 450 300 1800 700 30 600 750 28 
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Table 5.4 Pump version 6 installation dimensions varying with pump frame size. 

Frame 

LPN 

Poles 
,imp 

DN 
A 

DN 
B 

C D E F(-) G H I J OK 

70,130 6, M 300 400 310 450 300 1800 700 30 700 760 28 

70 4, L 250 300 235 450 370 1750 700 30 400 750 28 

70 4, M 200 250 200 450 245 1750 700 30 400 550 28 

70 4, H 200 250 205 450 240 1750 700 30 400 600 28 

70,85 4, M 200 250 220 450 220 1750 700 30 400 460 28 

70,85 4, H 200 250 220 450 220 1750 700 30 400 600 28 

Make sure before commenc-ng installation work the construction work is finished according to 
specifications. It is especially important that the surface under the pump stand frames is level and 
even. 

Begin work by marking the location of the pump and stand in relation to the suction pipe and rising 
main to the extent these are installed or according to the site drawings. If required, use a mock-up 
arrangement to secure a good fit of the components. Please refer to figure 5.16 for reference. 

Mark the foundation bolts on the dry well floor using the pump stand frame as a template. The frame is 

removed from the pump stand by opening four connection M 20 bolts. Install the frame on the floor 
using four or six M 24 bolts with installation sleeves as required or suitable foundation bolts. Tighten 
the bolts or nuts to the torque specified in the fastener specifications. Shims may be used to ensure the 
frame is level and to adjust the height to fit the pipework. 

Bolt the pump stand to the assembled pump. With the pump hoisted in horizontal position and with the 
pump stand downwards lower the unit onto the frame and bolt in place using the original M 20 
fastening bolts. Tighten the bolts to specified torque. 

Use pipe reducers wherever required by the pipework dimensions. Please refer to figure 5.15 for hints 
on recommended piping dimensions. 

Install the pressure and suction pipework including valves and bends according to the project plumbing 
specifications. Connect the pump to the rising main using ISO PN 10 flanged joints for the pump 
delivery connection. Use gaskets at all joints to ensure tightness. 

ATTENSION If a reducer is used between the suction pipework and the pump in 
horizontal installations it must be of the eccentric type and installed so 
that the straight edge is upwards. This way the accumulation of air in the 
suction pipeline and possible pump blockage is prevented. 
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5.7. Pump Installation Version 7 

Before commencing installation work, make 
sure that the construction work is finished 
according to specifications. The seat ring, 
supplied with the pump, is either welded in 
place in the riser pipe lower opening or grouted 
into the concrete shaft at the bottom opening. 
The seat rings should be specified for either 
installation method when ordering pumps. 
Please refer to figure 5.17. 

Prepare the pump for lowering into the wet well 
by fastening the lifting chain to the pump 
handle and by uncoiling the electric cable. If 
possible, the site hoist can be hooked directly 
to the pump lifting bail and used for lifting and 
lowering the pumps into the wet well. 

With the seat ring in place the assembled pump 
is inserted in the pump shaft and lowered in 

place. Make sure that the sealing 0-ring (item 
031) is located in the groove on the outside of 
the pump casing. The 0-ring seals between 
pump casing and seat ring preventing back 
flow and loss off pumping efficiency. Three 
dowel pins in the seat ring guide the pump to 
the correct position and prevent the pump from 
turning in the seat when running. 

ATTENSION 

0500 

E 

0420 

O 

- 0450 

Figure 5.17 Typical vertical column installation 
dimensions 

Use only the original lifting chain and shackle or if third-party components 
are used make sure that these are rated for the pump weight. Inferior 
components may break and cause the pump to fall with risk of severe 
damage to the pump and the accessories. 

Make sure that the pump cables can move freely and do not seize or fall into the shaft. Attach the 
upper end of the lifting chain to a suitable hook or eye bolt at or near the shaft upper entry cover. 
Remove chain slack by cutting off the surplus length but make sure that enough chain is left for future 
lifting operations. 

Route the pump cables through a suitable conduit to the control panel. Remove slack from the cable in 

the column and clamp at the conduit only. The cable conduit through the shaft.wall may be watertight if 
called for by the installation. Secure cable with clamps along route to the panel where necessary. Do 
not unnecessarily remove the protective sleeves on the free end of the pump cables. The pump cables 
should not be cut to length but instead laid in loops so that the ends easily reach the terminal blocks. 
Connection to the control panel terminals may be completed by authorised electrician only. Please 
refer to section 5.8 for information on pump wiring. 
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5.8. Pump Electrical Connection 

Electrical supply and control of the pumps is provided by the control panel. Control panel specifications 
vary greatly with the intended pump duty and installation. Panels may include circuitry for pump duty 
alternation, level control, alarm detection and transfer and other functions. However, the pump start 
and stop circuitry must always be executed according to the scheme presented in figures 5.18 and 
5.19 below for DOL and YID start respectively. 

ATTENSION The control panel starter must include overload protection relays 
adjustable according to the pump nominal current and provisions for the 
pump moisture and overheat protection devices whenever these are 
fitted. Usage of non-complying control panels increases the risk of motor 
damage and voids the pump warranty. 

Make sure that the control panel is isolated from the electrical supply 
before beginning to work. Turn off the mains switch or remove the main 
fuses. Non-compliance to do so may lead to electrical shock with 
consequent serious personal injury or death of the personnel. 

Insert the cable through the control panel cable gland and remove the protective sleeve. Note the 
markings on the leads and connect according to the cable identification and connection chart in figures 
5.20 and 5.21. If the markings are missing or if the cable has been cut the leads can be identified with 
the help of the identification chart as follows: 

Strip back the cable sheath and identify the yellow/green ground wire 

Identify your cable according to the schedule of the connection charts 

Keeping the cable in the position of the chart the leads can be identified 

Mark the leads and proceed with the connection procedure 

Tighten the cable clamp of the control panel (if fitted) and finish the cable routing to the panel using 
clamps where required. 
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Figure 519 Pump wiring diagram for Y/D start. FM = internal motor protection device (moisture switch and 
winding thermal protectors) 

Oy Grundfos Environment Finland Ab Operator's Manual 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 163 of 344



 

5. Pump Installation 

Page 17 (17) GRUNDFOS5 
sARL:r4 Du 111ps 

DOL starter 

2 4 6 

5 * - - 

5 * - - 

U 

111 
VWU 

222 
VW P 

2 

Motor 

0 0 4- 

DOL starter 

4 * 

4 * - 
* 2,5 

UVWUVWPP 
111 2221 2 

Motor 

Figure 5.20 Pump cable connection diagrams for DOL and cable identification schedules 
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Figure 5.21 Pump cable connection diagrams for Y/D start and cable identification schedules 
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6. Pump Use and Operation 

ATTENSION Always read and observe the safety instructions in sections 3.8 and 3.9 
before beginning to operate pumps. 

6.1. Pump Usage 

The Sarlin submersible pumps are designed for pumping of unscreened wastewater in municipal and 
industrial installations and for low to medium density sludge pumping in sewage treatment plants. The 
pumps are also suitable for various raw water pumping duties where the conditions call for submersible 
pumps to be installed. The pumps have the capacity to handle unscreened sewage containing solids of 
80 mm or 100 mm in spherical size depending on model. The impeller design allows stringy matter and 
long fibres to pass through the pump. Different pump material specifications are available for use in 
corrosive liquids. 

Pump usage is restricted by the following ambient conditions used as design criteria limits: 

Maximum ambient and pumped liquid temperature is 40 °C 

Storage temperature range is -30 °C... +60 °C 

Maximum allowable voltage fluctuation is ± 5 % of nominal voltage (UN) 

Maximum submergence is 20 m 

ATTENSION Usage of the pumps in installations where conditions exceed those 
allowed in the pump specifications may lead to pump malfunction and 
damage. 

6.2. Pump Function 

The Sarlin submersible pumps are short-coupled centrifugal pumps with the pump connected to a 

proprietary electric motor. The pumps are installed submerged in the pumped liquid or alternatively dry- 
installed. Submerged pump motors are cooled by submergence in the pumped liquid or independently 
of submergence by encasing the motor stator housing with a cooling jacket. In these a part of the 
pumped liquid is diverted through channels from the pump casing and circulated in the jacket. Dry- 
installed motors are always cooled by means of a cooling jacket. 

The pump impellers are of the closed channel type with one, two or three vanes and are available in a 
number of standard diameters. The pump motors are wound for a number of differernt motor speeds 
and nominal power that make up a range of pumps together with the various hydraulic parts for low, 
medium and high head within each frame size. Special open pump casings are available for column 
installation as described above in section 5.7. 

ATTENSION Only complete pumps of specified installation versions are delivered from 
the factory. Unauthorised pump conversion may lead to pump or motor 
damage from overheating or leakage and voids all factory guarantees. 

6.3. Pump Description 

The pump unit consists of pump (hydraulic) parts and motor. Sectiohs showing volute and open pump 
casings are presented in figure 6.1 and figure 6.2 below. 

The pumps feature impellers with long curved vanes and a patented axial suction clearance between 
impeller and pump casing. In single-channel impellers the long vane offers a single passage through 
the impeller for solids and fibrous matter. The asymmetric impeller includes counterweight masses for 
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balance and offers excellent pumping efficiency. Multi-channel impellers have wide passages for solids 
and fibrous matter. These impellers are symmetric and inherently balancing. 

The pump casing is fixed to the motor with eight fasteners for a solid connection. The impeller clear- 
ance adjustment mechanism at the suction cover permits easy clearance adjustment without pump dis- 
mantling for both submersible and dry installations. Please refer to section 7 for information on the 
impeller clearance adjustment procedure. 

Figure 6.1 Section of pump with volute casing. Figure 6.2 Section of pump with 
open casing. 

The pump motor includes independent double shaft seal with an oil chamber at the motor lower end. 
The oil serves as a lubricant and a coolant for the shaft seals. The oil chamber is accessible through 
inspection and fill holes. The state of the lubrication oil serves as an indicator of seal wear and is 
inspected according to the service schedule. Please refer to section 7 for information on seal oil 
inspection and replacement procedure. 

The pump motor is totally enclosed (1EC IP 68) and may be opened for service only by workshops 
authorised by Sarlin in order to ensure that the watertight integrity remains intact. The motor may be 
fitted with internal moisture and winding temperature switches wired in series to a common circuit. The 
moisture switch is non-reversing and breaks the circuit in case of moisture entering the motor. The 
thermal switches, one in each phase of the windings, open when the temperature reaches a 

predetermined limit value of 150 °C, breaking the circuit. The switches reset upon cooling and close 
the circuit. 

The pump control panel must include circuitry for the protection devices and set to break the pump 
motor current in the event of the protection circuit opening. The control panel specifications may call for 
either manual or automatic restarting of the motor after the protection circuit has closed. Of course, this 
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is possible only if the circuit was broken by the thermal switches. The principle of the protective circuit 
is shown in figure 5.18 and figure 5.19 in section 5. 

6.4. Pump Direction of Rotation 

Whenever a pump has been connected to the mains during commissioning the direction of rotation 
must be ascertained. The pump impeller direction of rotation is clockwise when observed from the 
driving end. An arrow cast in the pump casing shows the direction. All new pumps have a large sticker 
clearly showing the direction of rotation. 

The direction of rotation of a squirrel-cage electric motor is dependent of the order the three phases 
were connected at the control panel. Despite the phase markings on the leads the phases may be 
confused at the panel and the pump may run in the wrong direction when started. The direction of 
rotation can be controlled with the following procedure: 

With the submersible pump suspended from a lifting device either freely or in the wet well.and 
guided by the guide rails the pump is started briefly from the control panel. By observing the 
direction the pump spins or "kicks" at the starting moment the direction of rotation can be 
determined. 

NOTE 

ATTENSION 

The pump kicks in the opposite direction of the direction of rotation. With 
the right direction of rotation being clockwise when observed from the 
driving end the pump should kick counterclockwise when started. If this 
is not the case the pump should be reconnected at the control panel with 
two of the phase leads changing place. 

The pump may be run briefly only when suspended. Make sure that the 
pump cable does not become twisted or strained during the operation. 
Failure to observe caution may lead to cable damage. Prolonged dry 
running of pumps may damage the primary shaft seal and cause motor 
overheating. 

Pumps of version 3 and 6 installed dry shall be controlled for direction of rotation according to the 
procedure above before final installation. 

6.5. Pump Starting 

The pumps are started from the control panel manually or automatically. Control panel specifications 
vary according to installation requirements and local regulations but most control panels have at least 
the following components: 

Mains switch and fuses 

Motor starter contactors with overload relays 

Selector switch or buttons for pump manual and automatic starting and stopping 

Circuitry for pump motor protective devices 

Level control system 

Pump on/off indicator lamps 

and control functions: 

Mains on/off 

Pump off 

Pump manual start 
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Pump automatic start 

Overload relay reset 

The pump is started from the control panel manually or automatically as controlled by the level control 
equipment. 

Pump controls must always be switched off or to manual control 
whenever handling or servicing pumps or when personnel is entering the 
wet well. Pumps in automatic control mode may start unexpectedly from 
level control or resetting protective devices leading to pump damage or 
serious injury to the service personnel. 

After opening of all valves in the suction and pressure sections of the pumping station pipework and 
final visual inspection the pumps can be started manually or switched to automatic operation as 
required for commissioning. 

6.6. Pump Commissioning 

Pump commissioning to production follows the conclusion of the project work. Begin the procedure 
with a safety check of the pump installation checking all site work is completed according to 
specifications and cleared of debris. The function of the level control system is dry-checked against 
specifications to the extent possible. 

Start all pumps manually and check their function and performance using the instrumentation installed. 
If necessary, portable instruments such as ammeters and voltmeters are used. The pumps are 
checked for unusual noise and vibrations and possible causes are established and reported or 
corrected. 

Actual pumping station duty point should be established as accurately as possible in order to confirm 
that the pump operating conditions are the intended. If the installation includes a flow meter or a 

manometer the duty point can easily be established or picked off the pump curve. If these are not 
available actual pump performance can be approximated using the volumetric method. In this method 
the pump is timed when pumping a known quantity such as the wet well volume between start and stop 
level. The method is simple and offers an acceptable approximation of the volume rate of flow. 

Commissioning is completed with the pumps switched to automatic operation and a final inspection of 
the pipework for leaks and vibrations. After it the project is ready for handing over to the owner and the 
pumping station is subject to regular operation and maintenance routines. 

6.7. Pump Operation 

Pump operation should be governed by established maintenace and check routines. Please refer to 
Section 7 for recommendations on pump check and maintenace schedules. 

ATTENSION Pump starting frequency may not be greater than 15 starts per hour. If 
started more frequently the motor windings may be damaged from 
overheating. 
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7. Pump Maintenance 
Regular pump maintenance is a prerequisite for dependable long-term pump operation. With a few 
simple operator-performed maintenance actions the pump performance can be assured. 

ATTENSION Always read and observe the safety instructions in sections 3.10 and 
3.11 before beginning to work on pumps. 

The operator-performed maintenance steps should be performed every 2000 hours of operation and 
include the following actions: 

Oil check and change if required 

Axial clearance inspection and possible adjustment 

Pump and component cleaning and visual inspection 

7.1. Oil Check and Change 

The volume of oil contained in the chamber between the double mechanical shaft seals is essential for 
the function of the pump providing lubrication and cooling of the shaft seals. 

Another intended purpose of the oil is to absorb by 
emulsification the minute amounts of water leaking 
across the lower seal into the oil chamber. By 
following the condition of the oil the lower seal can 
be monitored and scheduled for replacement before 
failure and damage to the pump motor will occur. 

The oil can be checked and changed with the pump 
in either horizontal or upright position. The oil 
chamber has two plugs, A and B, for oil drainage, 
filling and level control. In horizontally installed 
pumps (version 6) a third plug, C, for drainage is 
installed. 

A pump or motor removed and laid flat on a work 
bench should be positioned so that the plugs are in 
the positions indicated in figure 7.1. In horizontally 
installed pumps (version 6) the oil plugs are 
automatically in the positions shown in figure 7.1. 

Fig. 14993 

C 

Figure 7.1 Correct oil level. Plug C is 
available only in pump version 6. 

Begin by cleaning the area around the plugs.Open the upper plug using a 24mm socket wrench slowly 
and let possible excess pressure escape before the plug is removed. Place a clean oil trough under the 
pump to collect all the drained oil. Open the plug pointing to the side and observe the fluid level. Fluid 
escaping indicates leakage over the lower mechanical seal which may be normal. Please refer to 
figure 7.1. 

Turn the pump using a hoist or open the bottom plug C and let all the fluid drain into the collecting 
trough. 
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If the pump is in an upright position identify the 
plugs A and B from their positions relative to 
each other. Proceed as above. For pumps of 
frame size 66 and 70 plug B, being located 
lower, can be used for indication of the amount 
of fluid in the oil chamber. Please refer to figure 
7.2. For pumps of frame size 58 and 62 the cor- 
rect amount of oil must be metered using the oil 

fill volumes in table 7.1 for reference. 

When the pump is upright, the oil has to be 
pumped out of the oil chamber with the use of a 

suction pump. Use a pump with a flexible suc- 
tion hose that can be inserted deep into the oil 

chamber. Pump out the oil using all the plug 
holes in turns so as to reach all sections of the 
interior of the chamber. Collect the drained oil 
in a clean container. 

Table 7.1 

Fig.14993 

Figure 7.2 Correct oil level when puimp is upright 
(frame sizes 66 and 70) 

Oil volumes for pumps version 3 

Frame size 58 62 66 70 

Oil volume [litre] 3.8 7.1 9.0 9.0 

A B C 

Figure 7.3 Condition of lubrication oil. Sample A: Oil in good condition. Sample B: Oil moderately 
emulsified. Change oil. Sample C: Excess water in oil. Change oil and check primary seal 
condition. 
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Pour a sample amount of the oil into a glass con- 
tainer and observe the condition of the oil using fig- 
ure 7.3 for reference. Clear oil can be reused always 
discard and dispose of emulsified oil. Low oil level 
may indicate upper seal failure and the pump should 
be referred to an authorised repair shop for further 
checks and possible repair. 

The oil chamber is refilled from the top plug hole A 
until the oil reaches the correct level. For pumps in 

upright position (version 3) the correct amount 
should be metered using table 7.1 as reference. 
Use regular SAE 10 W 30 motor oil. Replace the 0- 
rings, close the plugs and tighten carefully. 

ATTENSION 

Figure 7.4 Oil filling 

Never lubricate the 0-rings with grease. Greased 0-rings may leak and 
allow the oil to escape from the oil chamber with consequent damage to 
the shaft seals. 

7.2. Inspection and Adjustment of Suction Clearance 

A. Channel impeller pumps 

The correct setting value for the axial clearance is 

0.7 mm ± 0.2 mm. The suction clearance should 
be reset if it is worn to 1.2 mm or more. The 
method for resetting the clearance is different for 
withdrawable submersible pumps (pumps version 
1, 2, 4 or 5) and dry-installed pumps (pumps 
version 3 or 6). Both methods are described here. 

Withdrawable submersible pumps have a 

separate adjustable pump suction cover which 
may be shaped as a suction bell. When the pump 
is installed or withdrawn locate the six screws 
fastening the suction cover to the pump casing 
and the three set screws. Please refer to figure 
7.5. Use a feeler gage to check the clearance 
between the impeller and the casing all around 
the perimeter of the suction opening. 

Figure 7.5 Suction cover fasteners and impeller 
clearance set screws. 
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Turn the impeller by hand and check at several points. If the clearance needs adjustment proceed as 
follows. Loosen all fasteners and set screws between suction cover and pump casing. Use a mallet to 
tap at the suction cover and close the clearance. Open the clearance to specified value by turning the 
three set screws. Check that the clearance is uniform around the perimeter of the suction opening. 
Tighten the fastening screws and check that the clearance is stable. 

For dry-installed pumps the suction clearance can be inspected and set with the pump installed on the 
pump stand and connected to the pipework. Depending on the pump size the method employed is one 
of the following: 

For pumps of frame size 58 and 62 loosen all 
fasteners and set screws between pump 
casing and suction cover. Loosen the bolts 
connecting the pump and the suction bend to 
the pump stand. Use a mallet to tap around the 
casing to break any bonding between the 
casing and the suction cover. Close the 
impeller clearance by tightening three of the 
fastening screws. Do not use unnecessary 
force. Measure with feeler gages and make a 
note of the distance X between the pump 
casing and the suction cover at three points 
next to the set screws. Please refer to figure 
7.6. 

Loosen the fasteners and back up the motor 
0.7 mm ± 0.2 mm using the three set screws 
and the distance X as reference. Tighten all 
fasteners and check that the distance X at the 
three reference points are stable at their new 
set of values. Retighten the bolts connecting 
the pump to the stand. Use shims (item 038) 
between the pump and the stand where 
necessary. 

ATTENSION 

Figure 7.6 Axial clearance reference dimension X. 

Pump overall dimensions are subject to change when adjusting the 
impeller clearance with the method described above. Compensating 
shims must be used between the pump and the stand whenever 
pipework rigidity prevents easy retightening of pump fastening bolts. The 
use of force may lead to pump distortion with consequent risk of pump 
breakage or bearing failure. 

B. Propeller pumps 

For the SA pumps, which are axial flow pumps with propeller, the user can inspect the clearance 
between the pump casing and propeller wings. This clearance is not adjustable. 

For a new pump the clearance is 0.8 mm. If the clearance increases up to 3 mm or more the propeller 
and suction parts should be changed. This is to get the head and efficiency back to there initial values. 
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7.3. Setting the suction clearance on pumps with sliding suction cover 

Step 1, figure 7.7 

No information on current value of 
suction clearance, dimension "S". 

Step 2, figure 7.8 

Loosen the fastening screws 028 (6 
pcs), grouped in pairs on both sides of 
the set screws 074 (3 pcs). 

Tighten the set screws 074 in turns so 
that the suction cover 016 moves 
evenly along its guiding surfaces. 

When the set screws are tightened, the 
suction cover moves up against the 
impeller, closing the suction clearance 

Warning! Do not use too much force 
when tightening the set screws, as this 
may damage the bearings. 

Measure and make a note of the 
distance "L" between pump casing and 
suction cover at the set screws. Use 
feeler gages or calipers. 

Figure 7.7 Unknown value of the suction 
clearance AS". 

Figure 7.8 Suction clearance dimension AS" has 
been diminished into zero. 
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Step 3, figure 7.9 

Loosen the set screws 074. 

Tighten the fastening screws 028 
evenly so that the distance "L" 
measured at the set screws 
increases by 0,7 ± 0,2 mm. 

Tighten the set screws and the 
fastening screws. 

Check the distance "L" and re- 
adjust if necessary. 

Figure 7.9 Distance "L" has been increased by 
0,7 ± 0,2 mm. 

7.4. Pump Cleaning and Visual Inspection 

A simple maintenance measure is to clean the pumps at regular intervals. The pumps may be cleaned 
in situ at the pumping station when withdrawn from the wet well. The pump is hosed down externally 
using a high pressure jet cleaner (maximum pressure 100 bar). Caked dirt on the motor must be 
removed to ensure good heat conductivity. A mild detergent, approved for disposal into the sewerage 
system may be used. The pumps may be scrubbed, using a soft brush, if necessary. 

Visual inspection of the pump should include search for cracks or other external damages. The lifting 
handle and lifting chain should be expected for wear and corrosion. The pump cable should be 
inspected for cracks or lacerations in the sheath, kinks or for other damage. Visible parts of the cable 
inlet must be inspected for cracks and that they are firmly screwed down onto the top cover or junction 
box. 
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8. Impeller Replacement 

ATTENSION 

NOTE 

A damaged or badly worn impeller must always be replaced without 
delay when observed. A damaged impeller is out of balance and will 
cause damage or premature failure of the pump bearings. Always read 
and observe the safety instructions in the sections 3.10 and 3.11 before 
beginning to work on pumps. 

Make sure before beginning to work on dry-installed pumps that all 
closing valves in both the suction pipework and rising main are closed 
and the pump is drained. 

8.1. Impeller Removal 

Loosen and remove all fastening screws between pump casing and motor. Use a mallet to tap around 
the casing to break any bonding between the casing and the motor. Use a hoist to lift the pump motor 
out of the pump casing and place on the floor or on a work bench. Clean the work area around the 
impeller and the impeller screw. 

NOTE When the pump is in horizontal position place a sling through the impeller 
and apply lifting force using a hoist. The impeller weight must be carried 
by hoist at all times during handling. 

Loosen and remove the impeller screw. Be sure 
to locate and remove all 0-rings (frame size 66 
and 70). Figure 8.1 shows typical components 
when removed. 

The impeller is pulled off the shaft with the help of 
a puller. Use a two-clawed puller with claws long 
enough to reach behind the impeller upper 
shroud. Screw an Allen or hex screw of the same 
dimension should be screwed into the shaft end 
for thread protection before applying the puller. 
Please refer to the impeller specifications table 
below for list of screw dimensions. Apply the 
puller and tighten up until the impeller breaks 
loose from the tapered shaft end. Remove the 
protective bolt from the shaft end and remove the 
impeller. Please refer to figure 8.2. Figure 8.1 Impeller fastening elements 

removed. 1. Impeller screw 2. 

Impeller screw 0-ring. 

When the impeller is removed from the shaft remove the 0-ring located in the groove of the stainless 
shaft protection sleeve on pumps of frame size 66 and 70. Clean the shaft end and the area behind the 
impeller. Check the shaft end for damages or taper distortion from impeller looseness. Do not attempt 
to install a new impeller on damaged or distorted shaft but send pump to an authorised workshop for a 

repair instead. Observe and inspect visually the visible parts of the lower mechanical seal with the 
impeller removed. Remove fibrous matter and other debris possibly wrapped around the seal compo- 
nents. 
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8.2. Impeller Mounting 

Clean and lubricate the internal threads of the 
shaft end using oil. The specified tightening 
torque for the impeller requires the threads to 
be lubricated so as to attain sufficient screw 
tension. Replace and install the shaft sleeve O- 
ring (item 077, frame sizes 66 and 70) and 
install the impeller key (item 006) in the shaft 
keyway. Oil the tapered surface using SAE 
grade 10 W 30 motor oil. Install new impeller 
onto the shaft end. Make sure that the key 
stays in place in keyway in shaft and impeller. 

Depending on your pump model proceed as 
follows: 

Figure 8.2 Removing impeller using puller 

A. Pumps frame size 58and 62 

Install the impeller cap and impeller screw. Tighten the impeller screw to the prescribed torque using a 
torque wrench. Please refer to impeller screw torque table for the correct torque for your pump model. 
Turn the impeller by hand to make sure it rotates freely and straight. Please refer to figure 8.3. 

B. Pumps frame size 66 and 70 

Install the impeller cap complete with 0-ring and impeller screw with 0-ring. Tighten the impeller screw 
to the prescribed torque using a torque wrench. Please refer to impeller screw torque table for the 
correct torque for your pump model. Turn the impeller by hand to make sure it rotates freely and 
straight. Please refer to figure 8.3. 

Reinstall the pump casing in reverse order of 
the above and adjust the impeller suction clear- 
ance according to the instructions in section 
7.2. 

Figure 8.3 Installing impeller using torque wrench 
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8.3. Impeller Screw Tightening Torques 

The table below contains information on the impeller fastening components for each pump covered by 
this manual as well as the fastening torque to be applied in each case. Please note that the fastening 
torque for some models vary with the material used for the impellers. Embossed lettering on the 
impeller castings indicate the material used for individual impellers. 

ATTENSION Make sure that the material of your impeller is suitable for the fastening 
torque chosen before tightening the impeller screw. Too high a fastening 
torque may split the impeller hub upon tightening. 

Pump frame size 
Screw dimension, 

part number 
Torque, 

Nm 
Note 

58, impeller material GRS 200 M 12, hexagonal 55 Standard screw 

58, impeller material GRP 500 M 12, hexagonal 90 Standard screw 

62, all impellers M 16, hexagonal 130 Standard screw 

66, impeller material GRS 200 M 16, D-32430 170 Special screw 

66, impeller material GRP 500 M 16, D-32430 280 Special screw 

70, impeller material GRS 200 M 16, D-32430 170 Special screw 

70, impeller material GRP 500 M 16, D-32430 280 Special screw 

8.4. Component Fastener Tightening Torque 

The different fasteners opened in the course of the service measures described above should be 
tightened to specified torque upon reassembly. The torques are as follows: 

Screw Dimension Torque, Nm 

M 8 20 

M 10 40 

M12 70 

M 16 170 

M 20 330 

M 24 570 
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9. Explosion-proof Pumps 

9.1. General 

This section provides specific information for owners and operators of Sarlin submersible pumps built 
and certified for use in explosive environments. The range of explosion-proof pumps include the 
following pump types: 

50 Hz 

Frame size 58 Frame size 62 Frame size 70 

S1X 184 L S1X 264 L S1X 304 L S1X 854 H S2X 1154 M 

S1X 184 M S1X 264 M S1X 304 M S2X 854 M S2X 1154 H 

S1X 184 H S1X 264 11 S1X 304 H S3X 806 L S2X 1304 L 

SIX 224 L S2X 184 L S1X 404 L S3X 806 M S2X 1304 M 

S1X 224 M S2X 224 L SIX 404 M 
a 

S2X 806 H S2X 1304 H 

SIX 224 H S2X 264 L S1X 404 H S3X 1006 L S3X 1306 L 

S2X 304 AL S3X 1006 M S3X 1306 M 

S2X 304 M S2X 1006 H S2X 1306 H 

S2X 404 AL 

S2X 404 M 

60 Hz 

Frame size 58 Frame size 62 Frame size 70 

S1X 244 H S1X 424 L SIX 524 L S3X 808 L S2X 1106 M 

S1X 314 L S1X 424 M SIX 524 H S2X 808 M S2X 1106 H 

S1X 314 M S1X 424 H S2X 424 AL S2X 808 H S2X 1406 L 

SIX 314 H S2X 524 AL S2X 1004 M S2X 1406 M 

S2X 314 L S2X 1004 H S2X 1406 H 

S2X 1204 M 

S2X 1204 H 

The contents of these instructions are provided as information for the pump owners and operators only 
and as a requirement of the certifying body. Actual repair measures on the pump motor should be 
referred to an authorised workshop only. 
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The instructions concerning the pump part of an explosion protected (ex-proof) submersible pump do 
not differ from the instructions for standard pumps. Consequently this instruction deals only with the 
structural differences, operation restrictions and special instructions of the pump motor. 

ATTENSION These instructions must be read as a general safety measure in their 
entirety and understood before any work on or operation of explosion- 
proof pumps. These instructions do not supersede the safety instructions 
in section 3 but constitute an complement to these and a stand-alone 
instruction on explosion-proof pumps. The BASEEFA Regulations gov- 
erning Flameproof Submersible Motors should also be read in conjunc- 
tion with these instructions. 

9.2. Certification and Classification 

The Sarlin explosion-proof pump motors are certified by the British Approval Services for Electrical 
Equipment in Flammable Atmospheres (BASEEFA) in compliance with the harmonised European 
Standards EN 50014 and EN 50018. The motor is certified for use in potentially explosive atmospheres 
requiring electrical apparatus of class dll B T3 or dll B T4. A certification marking compliance is affixed 
to the motor and is located on the side of the stator casing.. 

9.3. Certification Plate 

The certification plates for class dll B T3 and dll B T4. 

o SARLIN 
EEx dllB T4 

Iamb = -25°C-+40°C 
BAS No 

TYPE 

Serial No 

[Ex 

HU 

CAUTION: Do not open 
any part of motor 
within 30 min. of 
disconnection! 

0 
ZZ 287A1 0 

o SARLIN 
EEx dllB T3 

Iamb = -25°C-+40°C 
BAS No 

TYPE 

Serial No 

Ex 

I HU i 
i 

a 28761 0 

0 The information on the plates reads as follows: 

EEx Apparatus explosion protected according to Euronorm 

Oy Grundfos Environment Finland Ab Operator's Manual 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 179 of 344



9. Explosion-proof Pumps 

Page 3 (6) GRUNDFOW 
e A VII MI Eli MIMIC 
algrt1611111 r id 

d Apparatus withstands explosion pressure 

II Intended for other potentially explosive locations than mines 

B Intended for use in connection with gases of subcategory B 

T3 Maximum surface temperature of the apparatus is 200 °C 

T4 Maximum surface temperature of the apparatus is 135 °C 

Tamb. Allowable ambient temperature range is -25 °C ... +40 °C 

BAS No. Approval certificate No. EEx - -- 

Type HU Motor type number HU... (Sarlin type code HU... ) 

Serial No Manufacturing serial No 

NOTE When using the motor in locations requiring Temperature Class T4 the 
motor may not be opened until 30 minutes after de-energising. When the 
motors are operated at variable frequency, the Temperature Classifica- 
tion is of Class T3. 

9.4. Motor Construction and Performance 

The explosion-proof enclosure comprises the following specially-designed items: 

Motor access cover or plug 

Cable inlet 

Stator housing 

Lower bearing bracket 

Lower bearing bracket cover 

Joint between motor body and oil housing 

NOTE This enclosure may be opened by authorised personnel only. 

An external ground contact is located on the top cover to ensure the connection to earth. Electrical 
installation must include external connection from this contact to true ground. Grounding wires must 

satisfy all valid electrical safety requirements. Ground wire cross section must be at least 6 mm2 and 

less than 70 mm2. 

For motor characteristics please refer to section 2.2. 

9.5. Motor Protection Device Circuit 

The motor is provided with two separate moisture switches and the stator is provided with three 
thermal switches connected in series, one for each phase. In single-phase motors two thermal 
switches are used, one in the main and one in the auxiliary phase. Thermal switch operating 
temperature is not higher than 150 °C. The protection devices are connected in series in a separate 
circuit motor cable leads 1 and 2. 

ATTENSION The control panel starter must include circuitry for automatic disconnec- 
tion of the mains supply in the event of the pump protective circuit open- 
ing. 

Operator's Manual Oy Grundfos Environment Finland Ab 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 180 of 344



9. Explosion-proof Pumps 

Page 4 (6) GRUNDFOS 
SARLIN PUMPS 

9.6. Motor Operating Requirements 

Motor modifications or other measures that include drilling, welding, fastening etc., possibly affecting or 
weakening the structure must not be carried out to any parts of the explosion-proof enclosure. 

The motor must not be opened when energised. The work on the motor, including opening and 
dismantling, must only be carried out by qualified personnel at a workshop authorised by the 
manufacturer. Plate on motor serves as reminder, refer to Figure 9.1. 

CAUTION: DO NOT OPEN 
WHILE ENERGIZED 0 

CABLE TEMPERATURE 
0 

MAY EXCEED 70° Cjzz 286 

Figure 9.1 Warning plate 

Overhauled and repaired motors are marked with a repair plate showing the following items: 

The repair symbol R 

Name or registered trade mark of the repairing workshop 

Workshop reference number relating to the repair 

Date of overhaul or repair 

In the event of subsequent repairs the earlier plate should be replaced by a new updated one and 
earlier markings be recorded. 

The repairing workshop is liable to keep records of performed overhauls and repairs and further 
records of all previous repairs, overhauls and possible modifications. Copies of the repairing 
workshop's detailed records should be filed by owner or operator together with the original type 
certificate of the explosion-proof motor in question. 

9.7. Overhaul and Repair Requirements 

Fasteners 

Only screws complying with manufacturers specifications as to type, strength and dimensions, are 
allowed for fastening and securing of motor parts and components. The external fastener strength 
class is A2-80 or A4-80 and the internal fastener strength class is 8.8. 

Wiring 

Only cables approved by the manufacturer and complying with the requirements of the cable inlet as to 
diameter, number of leads, conductor area and sheath material, are allowed for the motor. 

The compression seals (grommets) of the cable entry must be marked EExd and their aperture should 
correspond to the cable diameter. The corresponding cable dimension marking is stamped on the inlet 
or the entry device. 

The cable entry device is secured to the motor cover by tightening the screws evenly in turn until the 
device bears against the motor cover. 

Access Opening 

The access openings are primarily intended for motor tightness tests in connection with overhaul. The 
openings may be used for inspection, should the presence of leakage water in the motor be suspected. 
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The prescribed time delay before opening the motor applies also to the access openings (screws). 

ATTENSION The access opening cover screw must always be locked with an original- 
issue Allen head locking screw M4 x 8. 

Lower bearing bracket cover 

In motors having a separate bearing bracket cover the flanged joint between them constitutes an 
explosion proof joint where the joint gap must not exceed 0.15 mm. If the cover has been opened the 
joint must always be checked in connection with the assembly. The joint is controlled with a 0.15 mm 
feeler gage which must not fit into the gap from anyone of three radial directions. 

Condition of Parts 

When assembling, especially the components of the explosion-proof enclosure, must be carefully 
checked for: 

Faultlessness of machined surfaces 

Condition of threaded holes 

Approval markings 

Spare parts 

Damaged parts should always be replaced by new and approved parts. Parts must not be refurbished 
by machining, re-tapping, welding, etc. 

The components and spare parts of the explosion-proof enclosure must have the following approval 
markings: 

Part Item No. Marking 

Motor cover 230 Ex 1 PH or Ex 2 PH 

Cable entry 236/404 Ex 1 PH or Ex 2 PH 

Stator housing 302 Ex 1 PH or Ex 2 PH 

Bearing bracket 213 Ex 1 PH or Ex 2 PH 

Bracket cover 206 Ex 1 PH or Ex 2 PH 

Oil housing (up to 5,2 kW) 257 Ex 1 or Ex 2 

Rotor 201 Ex 1 or Ex 2 

NOTE Make sure before assembly that the parts carry the adequate markings. 

Stator Rewinding 

If a motor stator has to be rewound the directions of the manufacturer must be observed. Thermal 
switches and winding insulation must completely correspond to original. 

ATTENSION The thermal switches must be embedded in the windings before varnish- 
ing and curing. 
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4111 Testing After Stator Rewinding 

After partial or complete repair the stator should be subjected, preferably with the apparatus 
assembled, to the following tests: 

A. The resistance of each winding should be measured at room temperature and verified. In case of 
three phase windings the resistance of each phase or between line terminals should be 
balanced. Maximum allowable phase resistance difference is 2 %. 

B. Insulation resistance should be tested measuring the resistance between: 

windings - ground 

windings - windings 

windings - auxiliaries (i.e. thermal switches) 

auxiliaries - ground 

A minimum test voltage of 500 V DC is recommended. 

Minimum acceptable insulation resistance is a function of rated voltage, temperature, type of apparatus 
and whether the rewind is partial or complete. However for example, the insulation resistance should 
not be less than 100 MO at 20 °C on a completely rewound apparatus intended for use at up to 660 V. 

C. A high voltage test in accordance with a relevant standard (i.e. IEC 34-1) should be conducted 
between: 

windings - earth 

windings - windings 

windings - auxiliaries attached to the windings 

Test voltage is 2 x UN + 1000 V, minimum 2000 V. 

Testing After Repair 

Before a repaired motor is put back into service, it should be put through the following tests: 

Motor tightness test, using the access opening 

Internal motor protection circuit function control 

Test run at normal full speed for abnormal vibrations or noise 

Testing of the earth connection between the earth lead at the control panel and the pump body 

Overhauled and repaired motor should be marked with a visible plate. The marking should be 
permanent using corrosion-resistant plate material. 
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10. Troubleshooting 

ATTENSION Always read and observe the safety instructions in section 3.10 and 3.11 
before beginning to troubleshoot pumps. 

Trouble Possible cause Check and remedy 

Pump fails to start or 
stops without visible 
reason. 

No power to motor. Check power supply and fuses. 
Operate manual start and check 
contactor operation. 

Pump fails to start or 
stops. Control panel 
indicates tripped 
overcurrent relay or 
protection devices. 

Loss of one phase of power supply. Check power supply and fuses. 

Pump momentary overloaded. If condition not self-corrective, check 
for cause. 

Impeller jammed. Check impeller and clear as necessary. 

Overcurrent relay incorrectly set. Check and reset as necessary 
according to nominal current. 

Thermal switches tripped. Pump 
inadequately cooled. 

Allow motor to cool. Ensure adequate 
cooling by immersion for pumps 
version 1 and 4. 

Moisture switch in motor tripped. Refer to authorised repair shop. 

Motor cable damaged. Check for visual damages. Refer to 
authorised repair shop. 

Fluctuating voltage. Check voltage. Allowable deviation is 
+/- 5%. 

Pump runs but does 
not deliver rated 
volume flow. 

Pump runs backwards. Check direction of rotation and rectify 
as necessary. 

Impeller loose or worn. Check impeller and replace as 
necessary. 

Pump or pipework clogged. Check and clear as necessary. 

Pump head too high. Check by pressure gauging and 
redesign rising main or install other 
pump. 

Valves closed or clogged. Check 
valve not operating. 

Check valve position, clean as 
necessary. Relocate or replace check 
valve. 

Air accumulated in pump casing or 
suction pipeline. 

Remove air. Raise wet well stop level 
or redesign suction pipeline. 

Pumped liquid too dense. Dilute or redesign process. 

Pump not properly connected to 
submersible baseplate. 

Pump down wet well level, lift pump 
and relocate onto baseplate. 

Leaking pipework. Check pipework for leaks and fix as 
necessary. 

Pump wet well flushing system 
inadvertently activated. 

Check for function and repair as 
necessary. 
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Trouble Possible cause Check and remedy 

Pump starts but shuts 
off. 

Clogged pump causes overload to 
trip. 

Check and clear pump as necessary. 

Motor overheated, tripping thermal 
switches. 

Allow pump to cool; check for cause as 
above. 

Insufficient liquid in wet well. Allow wet well to fill. 

Level control failure. Clean or reset level control equipment 
or replace as necessary. 

Pump vibrating or 
emitting excessive 
noise. 

Pump partially clogged. Check and clear pump as necessary. 

Pump runs backwards. Check direction of rotation and rectify 
as necessary. 

Pump operates outside designed 
operation range. 

Check pump head. Redesign rising 
main or select other pump. 

Pump mechanical failure. Check pump for damages. Repair or 
submit to authorised repair shop as 
necessary. 

Pump not correctly engaged to 
submersible baseplate. 

Pump down wet well level, lift pump 
and relocate onto baseplate. 

Pump cavitates. Check pump for partial suction 
blockage and clear as necessary. 
Check duty point and adjust as 
necessary. 

Pump stand, baseplate or guide 
rails not securely installed. 

Check installation and tighten bolts 
where necessary. 

Oil watery or 
emulsified. 

Lower seal leakage. Refer to authorised workshop. 

Low oil level. Upper seal leakage. Refer to authorised workshop 
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11: Declaration of Conformity 
Oy E. Sarlin Ab 
Division Pumps 
Kaivokselantie 3-5 
01610 Vantaa 
Finland 

We herewith declare that the 

Sarlin Submersible Pumps, Series S, to which this declaration relates, are in conformity with the 
provisions in the EU Council Directive 891392/EEC as amended by 911368IEEC, 93/44/EEC and 73/ 
23IEEC as amended by 93/68/EEC, and EU Council Directive 89/336/EEC and the following standards 
stipulated by said directives: 

EN 292-1:1991 

EN 292-2/5:1991 

prEN 809:1992 

EN 60335-2-41 

EN 50082-1 

EN 55014 

Vantaa, Finland 

20.02.1996 

Safety of Machinery. Basic concepts, general principles for design. Basic 
terminology, methodology. 

Safety of Machinery. Basic concepts, general principles for design. Technical 
principles and specifications. 

Pumps and Pump Units for Liquids - Safety Requirements 

Safety of household and similar electrical appliances. Particular requirements 
for electrical pumps. 

Electromagnetic compatibility. Generic immunity standard. Generic standard 
class: Residential, commercial and light industry. 

Limits and methods of measurement of radio interference characteristics of 
household electrical appliances, portable tools and similar electrical apparatus. 

Anne Tallgren 

Quality Manager 
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1. INTRODUCTION 

Rating plates and pump code 

Standard rating plate 

Type designation 

Motor nominal power PN 

Serial number 

SARLIN 
Pumps 

Mains voltage for delta and star connection. If the 
value for star connection is given in brackets, the 
pump can be connected delta only 

Nominal drawn current for delta and star connec- 
tion 

Frequency, 50 or 60 Hz 

Mains phase number 

Fuse rating in delta connection 

Nominal speed 

Volume rate of flow range 

Head range 

IN 
ND 

Maximum submergence 

Gross weight 

CE marking 

Year of manufacture 

Encapsulation class 

kW 

V Hz 

A ;- 
IA I r/min 

1 I/s 

I m 
kg 20m 

I IP 68 

EIGHT 

CE 

ST pumps single-phase 

Type designation 

Serial number 

SARLIN FINLAND 
HELSINKI 

TYPE1 ST 022 H 1A 50 Hz 

Voltage and drawn current 

Motor power input P1 

Fuse rating (slow) 

Maximum head 

0. P,r1 2.8 

IA/ 2827 

A Weight 

ST pumps three-phase 

Type designation 

Serial number 

Voltage and drawn current 

Motor power input P1 

Fuse rating (slow) 

Maximum head 

IP 68 V 
50 m 

Hmax 

35 

22.0 

111 

kW 

r/min 

kg 

m 

r. 

\rRLIN in-- 

TYP \ k S 022 H 3A1 

No. 

CE 

I 

kW 

V 

50 

(5-0- 1 

A 

V 2862 r/min 

50 m rilmax 26.0 m 

IP 68 

A 
Hz 
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Code designation for sewage pumps series S 

L j oal 4 . GO il all15 11 LjJi 1 

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

The shaded code items are provided on the rating plate of the pump. 

Code item 

1. Pump type 

2. Impeller 

Description 

S Sarlin S-type 

Vortex 
1 Single channel 
2 Double-channel 
N Multi-channel 
A Axial 
S Semi-axial 

3. Motor specification Standard 
X Explosion-proof 

4. Motor power Motor power in kW 

5. Motor pole number Motor speed at 50 Hz and 60 Hz 
rpm rpm 

2 2-pole 3000 3600 
4 4-pole 1500 1800 
6 6-pole 1000 1200 
8 8-pole 750 900 
1 10-pole 600 720 

6. Generation marker 1. generation 
A 2. generation 
B 3. generation, etc. 
The generation indicator differentiates 
between structurally different pumps 
that have the same power rating. 

7. Impeller No classification 
classification E Extra low head 

L Low head 
M Medium head 
H High head 
S Super high head 

Code Item Description 

9. Interchangeability Interchangeability letter (A, B, C...) indi- 
cates interchangeability limitation of parts 
between otherwise identical pumps. Pumps 
with no or the same letter have full inter- 
changeability of all parts and use the same 
spare parts catalogue. 

10. Supply phase 
number 

11. Supply 
frequency 

12. Voltage and 
starting 

3-phase 
1 1-phase 

5 50 Hz 
6 60 Hz 

50 Hz 60 Hz 
01 400 V, DOL 01 460 V DOL 
11 400 V, WD 11 460 V YID 
02 230 V, DOL 03 500 V DOL 
12 230 V, YID 13 500 V YID 
03 415 V, DOL 05 380 V DOL 
13 415 V, YID 15 380 V YID 
04 500 V, DOL 07 220 V DOL 
14 500 V, YID 17 220 V YID 

13. Special features P Indicates that protection circuitry is 
included in motors on models where this 
feature is optional. 

U Flanges drilled to ANSI specifications. 
Protection circuitry provided. 

14. Non standard D Trimmed impeller 
items C Cable length 

Z Combination of D and C or other. Refer 
to order acknowledgement for details 

15. Construction 
material 

8. Installation version 1 Submerged with baseplate and guide rails. 
2 Submerged with baseplate and guide rails. 

May operate continuously with motor 
exposed. 

3 Vertical dry with stand. 
4 Submerged portable. 
5 Submerged portable. May operate 

continuously with motor exposed. 
6 Horizontal dry with stand. 

Standard materials 
R All stainless steel 
S Wet parts, including volute, impeller, oil 

housing and guide shoe (version 1 & 2) 

stainless steel 
CI Impeller stainless steel 
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Code designation for ground- 
water pumps series SP 

nenklid 
1 2 3 4 

LIZI @ Q 5 21 k 
13 5 6 7 8 9 10 11 12 

SARLIN 
Pumps 

Code designation for contractor 
pumps series ST 

nriAmiEhallarl 
1 2 3 4 5 6 7 8 9 

5 21 . ,1 

10 11 12 13 

Shaded code items are provided on the rating 
plate of the pump. 

Code Item Description 

Shaded code items are provided on the rating plate 
of the pump. 

Code Item Description 

1. Pump type S Sarlin S-type 1. Pump type S Sarlin S-type 

2. Impeller P Groundwater 2. Impeller T Vortex contractor 

'3. Supply phase 
number 

3-phase 
1 1-phase 

3. Motor specification Standard 

4. Motor power Motor power in kW 
4. Motor power Motor power in kW 

5. Motor pole number Motor speed at 50 Hz and 
rpm 

2 2-pole 3000 
4 4-pole 1500 

60 Hz 
rpm 
3600 
1800 

6. Generation marker 1. generation 
A 2. generation 
B 3. generation, etc. 
The generation indicator differentiates 
between structurally different pumps 
that have the same power rating. 

7. Impeller 
classification 

8. Installation 
version 

9. Interchangeability 

10. Supply 
frequency 

12. Voltage and 
starting 

12. Not in use. 

13. Non-standard 
items 

No classification 
L Low head 
M Medium head 
H High head 

2 Submerged with baseplate and guide 
rails. May operate continuously with 
motor exposed. 

5 Submerged portable. May operate 
continuously with motor exposed. 

Interchangeability letter (A, B, C...) in- 
dicates interchangeability limitation of 
parts between otherwise identical 
pumps. Pumps with no or the same 
letter have full interchangeability of all 
parts and use the same spare parts 
catalogue. 

5 50 Hz 
6 60 Hz 

50 Hz 60 Hz 
01 400 V, DOL 01 460 V DOL 
02 230 V, DOL 07 220 V DOL 
03 415 V, DOL 05 380 V DOL 

D Trimmed impeller 
C Cable length 
Z Combination of D and C or other. 
Refer to order acknowledgement for 
details 

5. Motor pole number Motor speed at 50 Hz and 
rpm 

2 2-pole 3000 
4 4-pole 1500 

60 Hz 
rpm 
3600 
180 

6. Generation marker 1. Generation 
A 2. Generation 
B 3. Generation, etc. 
The generation indicator diffemtiates be- 
tween structurally different pumps that have 
the same power rating. 

7. Impeller 
classification 

8. Supply phase 
number 

9.1nterchangeahillty 

10. Supply 
frequency 

11. Voltage and 
starting 

12. Not in use. 

13. Non-standard 
Items 

No classification 
L Low head 
M Medium head 
H High head 

3-phase 
1 1-phase 

Interchangeability letter (A, B, C...) indi- 
cates interchangeability limitation of parts 
between otherwise identical pumps. Pumps 
with no or the same letter have full inter- 
changeability of all parts and use the same 
spare parts catalogue. 

5 50 Hz 
6 60 Hz 

50 Hz 
01 400 V, DOL 
02 230 V, DOL 
03 415 V, DOL 

60 Hz 
01 460 V DOL 
05 380 V DOL 
07 220 V DOL 

D Trimmed impeller 
C Cable length 
Z Combination of D and C or other. Refer 

to order acknowledgement for details 
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Installation versions 

Version 1 

Submerged with baseplate and guide rails. Permanent installation in 
wet well where the pump can be easily withdrawn from and lowered 
into the wet well along guide rails. A guide shoe bolted to the pres- 
sure flange connects automatically to a matching baseplate mounted 
on the wet well floor, where the pump is kept in place by its own 
weight. The pump motor cooling is by submergence in the liquid, re- 
quiring that the lowest continuous liquid level in the wet well is set at 
half motor level. 

Version 2 

Submerged with baseplate and guide rails. Permanent installation in 
wet well where the pump can be easily withdrawn from and lowered 
into the wet well along guide rails. A guide shoe bolted to the pres- 
sure flange connects automatically to a matching baseplate mounted 
on the wet well floor, where the pump is kept in place by its own 
weight. The pump motor cooling is independent of submergence in 
the pumped liquid by means of motor internal heat conduits (pump of 
frame sizes 34 through 46) or a cooling jacket encasing the motor 
stator housing. The lowest continuous liquid level in the wet well may 
be set lower. 

Version 3 

Vertical dry installation with stand. Permanent installation in dry well 
with pump connected to suction line and rising main by bolted flange 
connections. Pump motor cooling is means of motor internal heat 
conduits (pump of frame sizes 34 through 46) or a cooling jacket en- 
casing the motor stator housing. 

Version 4 

Submerged with stand for portable use in wet wells or for temporary 
use. The pump is equipped with a hose coupling for connection to 
delivery hose. The pump motor cooling is by submergence in the liq- 
uid, requiring that the pump is submerged to at least half motor level 
when operating. 
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Version 5 

Submerged with stand for portable use in wet wells or for temporary 
use. The pump is equipped with a hose coupling for connection to 
delivery hose. Motor cooling is independent of submergence in the 
pumped liquid by means of motor internal heat conduits (pump of 
frame sizes 34 through 46) or a cooling jacket encasing the motor 
stator housing. Pump must be submerged sufficiently for the required 
suction head only. 

Version 6 

Horizontal dry installation with stand. Permanent installa- 
tion in dry well with pump connected to suction line and 
rising main by bolted flange connections. Pump motor 
cooling is by means of motor internal heat conduits (pump 
of frame sizes 34 through 46) or a cooling jacket encas- 
ing the motor stator housing. 

Version 7 

Vertical column installation. Permanent submersible in- 
stallation in steel tube or concrete shaft. The circular 
pump casing fits onto a seat ring installed at the shaft or 
tube bottom opening and the pump stays in place by its 
own weight and from the reaction forces from the pump- 
ing action. The pump casing is special for the version and 
is open with trailing vanes. The version finds applications 
in low head installations for large pumped volumes. 

SARLIN 
Pumps 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
0, 0, 0, 04 0, 0, 0, 0, 0, 0, 0 0, 

Using this manual 

IIIThe pumps are grouped in frame sizes, each representing a physical motor size distinguished by 
common external and internal dimensions. Since most service and repair measures are related to 
frame size, the various service and repair operation descriptions in this manual are grouped ac- 
cording to frame size number. A guide to frame sizes is provided on the following pages for most 
pumps, for complete reference on frame sizes for all pumps please see Volume 3 B, Section 2. 
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Guide to frame sizes 

Contractor pumps and drainage pumps 

Frame size Pump types 

26 

ST 012 1 ST 012 3 

1 

SP1/SP3 012 vers. 5 

w 

SP1/SP3 012 vers.2 
, rim log rli 

.110 
_1 

_1111 , 

raw ) 
NI ..iwto Ali. %mu limn 

111 
" f ill p ---r muli Taw, m- 

1 
.... 0. c,s0... 

ST 022 1 ST 022 3 

I r 1 D 

millWR 

Crail 

%WM 
UMW Vnir 

Sewage pumps and raw water pumps 

Frame size Pump outline Pumps in this frame size 

34 
Ai 

SV 014 BL 
SV 014 B 
SV 024 B 
SV 024 BH 

ei uuri, 

r iJ INN 

38 
guppTh.._ 

SV 032 BL 
SV 032 BM 
SP 032 BL 
SP 032 BM 

. 
1 .7.,.... 

1 . ..I 
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Frame size Pump outline Pumps in this frame size 

42 

- 
, 

.- a -6, 

Si 024 B SV 034 CH 
Si 024 C SV 042 B 
Si 034 B SV 042 C 
Si 044 B 

Si 044 C SV 044 C 

SV 034 C 

SV 044 B 

Si 026 
SV 034 B 

SV 034 BH 

- a . 

7.-__- ..,....v 

MIWIL I 

61=1111, 

46 
aik. 

S1 064 AH 
S1 064 AM 
Si 074 AH 
Si 074 AM 
Si 074 AS 
SV 064 B 
SV 074 B 

-----1--4F 

50 

at Si 054 SV 054 H 
Si 054 M SV 074 H 

Si 054 L SV 124 AH 
Si 074E SV 072 B 

Si 074 L SV 072 BH 
Si 074 M SV 092 BH 
Si 074 H SV 112 H 
Si 074 S SV 122 BH 
Si 124 AE SS 038 
Si 124 AL SS 066 
Si 124 AM 
Si 124 AH 

I Ig- -10/P411- -FA IIIImi 

IdimmiLl W, 

54 

Si 104 L S1 212 H 
Si 104 M S1 212 S 
Si 104 H 
Si 134 L 
Si 134 M 
S1 134 H 

S2 134 L 
Si 174 L 
Si 174 M 
S1 174 H 
S2 174 L 

-12.11m.- 

ii 

r i;r 

L- .:r 
WIIIII : iiirinriii 

Mir 
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Frame size Pump outline Pumps in this frame size 

58 

Si 184 L SA116 
Si 184 M SA 264 
Si 184 H 

Si 224 L 

S1 224 M 
Si 224 H 
S2 224'L 
Si 264 L 
Si 264 M 
Si 264 H 
S2 264 L 

ressim... Illillai 
111111111=1 

IliMr 

62 

1C14\ 

Si 304 L S2 1112 
S2 304 AL S2 158 
Si 304 M S2 208 
52 304 M 
Si 304 H 
S1 404 L 
S2 404 AL 
S1 404 M 
S2 404 M 
Si 404 H 

1 m 

raw 

66 

0 ft", 
i sm. 
il.-..._:1 

gil 52 278 L S3 2212 E 
S2 278 M 53 2210 L 
S2 278 H S3 3510 E 
S2 358 M S3 3510 L 
S2 508 L S3 508 M 
S2 554 M 
S2 654 AM 
SI 554 H 

S2 508 H 

Si 554 AH 
S1 654 H 
Si 654 AH 

*et 
Min 1I 

70 

irt7; r = 

al A 
S2 754 H S3 4510 E 
S2 754 L S2 658 E 
S2 754 M S3 808 E 
S2 754 S S3 658 L 
S2 836 S3 806 L 
52 1004 L S3 1006 L 
S2 1004 M S3 1306 L 

S2 1004 S 53 658 M 
S2 1304 L S3 806 M 
S2 1304 M S3 1006 M 
S2 1604 M S2 854 M 
S2 576 52 1154 M 
S2 1604 L S2 658 H 
S2 806 H S2 1006 H 
S2 1306 H S1 854 H 
S2 1154 H S2 1604 H 

... 

. wor 
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_.- ....- 

Frame size Pump outline Pumps in this frame size 

01 

.-..=.... 

IEEE 

1 iti 

1 i 

SV 014 
SV 024 
SV 034 
SV 054A 
Si 024 
S1 034 
Si 054 A 

111P4 
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2. GENERAL NOTES FOR REPAIR WORK 

2.1 Tools and equipment 2.6 Handling of stator 
2.2 Installing bearings 2.7 Handling of machined parts 
2.3 Instruction for placing 0-rings 2.8 Using compressed air 
2.4 Lubricating parts during assembly 2.9 Be systematic during the repair 
2.5 Tightening of screws 2.10 Electricity 

2.1 TOOLS AND EQUIPMENT 

For best results, always use the correct tools and 
equipment. Poor or incorrect tools must never be 
used as this will cause damage. See the list of 
the required tools in Volume 3 B. 

2.2 INSTALLING BEARINGS 
(see detailed instructions in section 11) 

2.2.1 General advice 

Before actually fitting a bearing, check the refer- 
ence number and review the drawings, specifica- 
tions and procedures. 
Apply force only to the race you are fitting. Do not 
apply force to the rolling elements as this may 
cause damage. 
After fitting, and before actually running, check the 
assembly for possible defects (abnormal noise, 
vibrations, temperature, clearance, etc.) 

Cleanliness 

Ensure cleanliness at all times. Any contamina- 
tion from foreign matter will result in rapid deterio- 
ration of the bearing. 
Prepare all equipment, ensuring that it is clean. 
Carefully clean and check all parts and assem- 
blies adjacent to the bearing. 
Remove the bearing from its packing just before 
use, and place it on a perfectly clean workbench. 
Never wash the bearing. The bearing is protected 
against oxidation by means of a thin oil film that is 
compatible with all lubricants. Always use the 
greases for bearings recommended by Sarlin. If 
the bearing has to be stored for some time before 
fitting, protect it from workshop contamination. 

Compression fitting of inner race onto shaft 

FORCE 

Pipe 
applied 
to Inner 
race 

Compression fitting of outer race Into housing 

FORCE 

Pipe 
applied 
to outer 
race 

Simultaneous fitting to shaft and housing 
FORCE 

PRESS FITTING OF BEARING 

Pipe 

Thick washer 
applied 
to both races 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 200 of 344



REPAIR MANUAL 

Section 2 Page 2 

2.2.2 Installing bearings using a press (or 
hammer) 

It is recommended to use a pipe suited for the 
bearing to be press-fitted. If compression fitting is 
used on the shaft and in the housing, a washer 
that acts on the two rings simultaneously must be 
used. The two contacting surfaces must be in 
the same plane in order to position the bearing 
correctly. This method is particularly recom- 
mended for fitting self-aligning ball or roller bear- 
ings. 

2.2.3 Heat assisted fitting 

The temperature must not exceed 110 °C. On the 
other hand it must be high enough to cause the 
race to expand sufficiently to enable the bearing 
to be fitted. 
Heating temperature depends partly on bearing 
dimension, and partly on the interference and 
material of the seating. 

Note: Heating under flame is not recom- 
mended under any circumstances. 

The various methods of heating are: 

Oil bath. The oil must be fluid and clean. The 
container must also be clean. Since a high 
temperature may damage the bearing, a heat 
insulating support should be placed between 
the bearing and the bottom of the container. 

Note: Bearings greased for life cannot be 
heated in oil. 

Hot plate. Avoid direct contact between the 
bearings and plate using a support if no ther- 
mostat is provided. 

Oven. 

Induction heating. Induction heating is the best 
and most reliable method of heating. Only the 
metal parts are heated; the temperature is 
controlled by a sensor, and the method is very 
convenient. The original performance of the 
bearings will thus be completely preserved. 

!MARLIN 
Pumps 

Expanding 
complete bearing 

(hot plate with thermostat 
set at 80 - 90 °C 

+NO7,4 it : 

bearing; heater_ 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 201 of 344



 

SARL1N 
Pumps 

REPAIR MANUAL 

Section 2 Page 3 

2.2.4 Disassembly 

Using pullers or a press (See diagram on 
page 3.) 

a) Instructions for bearings that are press- 
fitted onto the shaft. The puller claws must 
be placed behind the inner race of the 
bearing when pulling the bearing off the 
shaft. 

b) If a puller is not available, a vise can be 
used, with the inner race resting on a sup- 
port above the jaws, and the shaft hanging 
freely between them. The extraction force 
is exerted either by hammer or by press. 

If the bearing sits against a shoulder higher 
than the thickness of the race it can be moved 

using the device shown in figure c). This de- 
vice can then be used for assisting the puller. 

Instructions for bearings press-fitted into 
the housing. The dismantling force is ex- 
erted on one side of the outer race using a 
pipe such as that shown in figure d). 

Instructions for bearings press-fitted onto 
the shaft and housing. The method re- 
quired requires that the bearing is extrac- 
tion complete with shaft from the housing. 
The force must be exerted on the outer 
race and not on the shaft. Figure e) illus- 
trates this procedure which assumes that 
the housing is accessible from both sides. 
The bearing is then separated from the 
shaft. 
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2.3 INSTRUCTIONS FOR ASSEMBLING 0- 

The complete system should be thoroughly 
cleaned before fitting the 0-rings. 0-rings 
should not be pulled over sharp edges, shafts 
with various diameters, threads, slots, and so 
on. In order to avoid damage, we recommend 
covering sharp edges with tape during placing 
of the 0-rings. 

The 0-ring must not be left in the grove in a 
twisted position. 0-rings should be stretched 
for a short period while carrying out the placing 
operation. It is necessary to allow the 0-ring 
some time for reshaping after placing. Shaft 
seal 0-rings with an outside diameter of less 
than 10 mm must be handled carefully during 
fitting because of the high expansion ratio they 
are subjected to. 

It is recommended to use either a placing 
mandrel or a placing sleeve. 

2.4 OILING PARTS DURING ASSEMBLY 

oil this surface 

0-ring in outside groove 

RINGS 

Stretching and Contraction 

Continuous stretching should not be more 
than 6%. Otherwise there would be an exces- 
sive reduction of the cross-section and an ex- 
cessive flattening at the inside case. Stretch- 
ing of the inside diameter by 1 % of results in a 

reduction of the 0-ring cross-section by 0,5% 
according to the following equation: 

l dmbefore 
d2after - d2before 

umafter 

where dm = medium 0-ring diameter. 

0-ring contraction should not be more than 
3%, since otherwise there will be a danger of 
warping of the rings. 

Ideally the 0-rings should be not be stretched 
more than 6%, for contraction up to 3%. For 
0-rings with an inside diameter of up to 25 
mm some overstrteching is in practice un- 
avoidable. 

oil this surface 

0-ring in inside groove 
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2.5 TIGHTENING OF SCREWS 

When assembling parts together tighten the 
screws gradually in a uniform way (sequence as 
shown below) 

Tighten several 
times using same 

,6 sequence as shown. 

2.6 STATOR COIL PACKAGE 

Be very careful with the stator coil package. 
Coil ends can be damaged easily. 

Never place the stators vertically. 
Make sure that the coil ends are not dented 
during assembly or handling. 

Make sure that no dust or foreign particles get into 
the coil windings. They may cause insulation fail- 
ure and a short circuit. 

2.7 MACHINED PARTS 

Make sure that machined surfaces do not get 
dented. Scratches in machined surfaces can 
cause leakage and problems in the assembly. 

1 
, Right 

- 1 

=ftwimompo.- ,. 

Wrong 
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2.8 BLOWING WITH COMPRESSED AIR 

Be careful with compressed air when cleaning 
parts during assembly. Trash and chips must 
not be allowed to fly inside the motor, or get 
into the bearing brackets, oil housing or stator 
coils. 

NOTE Always wear safety goggles when 
using compressed air. 

2.9 BE SYSTEMATIC WHEN MAKING 
REPAIRS 

Do not work like the man at right with his car. 

Put the parts in order when dismantling the 
pump. This makes it much easier to carry out 
the assembly afterwards. 

2.10 ELECTRICITY! 

Remember safety regulations. 
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3. TROUBLESHOOTING AND TESTING 

Troubleshooting should be performed at the installation or pump usage site. Motor repairs should 
always be referred to a repair shop. 

Trouble Possible cause Check and remedy 
Pump fails to start or 
stops without visible 
reason. 

No power to motor. Check power supply and fuses. 
Operate manual start and check 
contactor operation. 

Pump fails to start or 
stops. Control panel 
indicates tripped 
overcurrent relay or 
protection devices 

Loss of one phase of power supply. Check power supply and fuses. 

Pump momentarily overloaded. If condition not self-corrective, 
check for cause. 

Impeller jammed. Check impeller and clear as neces- 
sary. 

Overcurrent relay incorrectly set. Check and reset as necessary ac- 
cording to nominal current. 

Thermal switches tripped. Pump 
inadequately cooled. 

Allow motor to cool. Ensure ade- 
quate cooling by immersion for 
pumps version 1 and 4. 

Moisture switch in motor tripped. Check control cirquit. If cirquit re- 
mains open after motor has cooled 
bring pump to shop. 

Motor cable damaged. Check for visual damages. Bring 
pump to shop if repair neeed. 

Fluctuating voltage. Check voltage. Allowable deviation 
is +1- 5%. 

Pump runs but does 
not deliver rated vol- 
ume flow. 

Pump runs backwards. Check direction of rotation and rec- 
tify as necessary. 

Impeller loose or worn. Check impeller and replace as nec- 
essary. 

Pump or pipework clogged. Check and clear as necessary. 

Pump head too high. Check by pressure gauging and re- 
design rising main or install other 
pump. 

Valves closed or clogged. Check 
valve not operating. 

Check valve position, clean as nec- 
essary. Relocate or replace check 
valve. 

Air accumulated in pump casing or 
suction pipeline. 

Remove air. Raise wet well stop 
level or redesign suction pipeline. 

Pumped liquid too dense. Dilute or redesign process. 

Pump not properly connected to 
submersible baseplate. 

Pump down wet well level, lift pump 
and relocate onto baseplate. 

Leaking pipework. Check pipework for leaks and fix as 
necessary. 

Pump wet well flushing system in- 
advertently activated. 

Check for function and repair as 
necessary. 
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Trouble - Possible cause Check and remedy 
Pump starts but 
shuts off. 

Clogged pump causes overload to 
trip. 

Check and clear pump as neces- 
sary. 

Motor overheated, tripping thermal 
switches. 

Allow pump to cool; check for cause 
as above. 

Insufficient liquid in wet well. Mow wet well to fill. 

Level control failure. Clean or reset level control equip- 
ment or replace as necessary. 

Pump vibrating or 
emitting excessive 
noise. 

Pump partially clogged. Check and clear pump as neces- 
sary. 

Pump runs backwards. Check direction of rotation and rec- 
tify as necessary. 

Pump operates outside designed 
operation range. 

Check pump head. Redesign rising 
main or select other pump. 

Pump mechanical failure. Check pump for damages. Repair 
or bring to repair shop as neces- 
sary. 

Pump not correctly engaged to 
submersible baseplate. 

Pump down wet well level, lift pump 
and relocate onto baseplate. 

Pump cavitates. Check pump for partial suction 
blockage and clear as necessary. 
Check duty point and adjust as nec- 
essary. 

Pump stand, baseplate or guide 
rails not securely installed. 

Check installation and tighten bolts 
where necessary. 

Oil watery or emulsi- 
fled. 

Lower seal leakage. Bring pump to workshop for repair. 

Low oil level. Upper seal leakage. Bring pump to workshop for repair. 

When doing electrical work, make absolutely sure that the pump is isolated from the power mains 
by removing fuses or cutting off at main switch. Observe all local regulations for electrical work and 
have an authorised electrician only perform all connecting and disconnecting work. 

The pump motor may be dismantled and by authorised personnel only at an authorised repair 
workshop. After reassembly the pump motor must be subjected to tests for watertightness and 
electrical performance. 
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ELECTRICAL TESTING 

Electrical measurements are made to deter- 
mine if pump malfunctions are being caused 
by problems in the motor or in the motor cable. 

CAUTION! When reconnecting any electrical 
leads refer to the wiring dia- 
gram(s) for the motor and the 
control panel. Connections to the 
wrong terminals may cause 
damage to the motor and/or con- 
trol devices. 

Voltage imbalance 

Use a voltmeter to read each phase of the in- 
coming 3-phase power. Each phase must be 
in balance with the other two as closely as can 
be measured with a commercial instrument. If 
the phases are out of balance, contact your 
power company. If the phases are in balance, 
check out the motor as described in the follow- 
ing steps: 

A) Use a voltmeter to read the voltage of in- 
coming power lines 1 and 2, 2 and 3 , and 1 

and 3 at the control panel. The voltage 
must match as closely as can be meas- 
ured. If possible, measure the voltage at 
the control panel with: 

1. pump off 
2. pump running in air 
3. pump submerged and running 

The measured voltage under each condition 
should be the same. 

B) If the phases are in sequence when the 
pump is off but is out of sequence when 
the pump is running, check the power 
source, all interconnecting cables and the 
pump motor to locate the defect. 

C) Use an amprobe or equivalent instrument 
to measure the current (amperage) of 
each phase while the pump is running un- 
der full load, and with no load. In each 
condition, the amperage readings for all 
three phases must match as closely as 

can be measured. Normal amperage val- 
ues are listed in Volume 3B (Section 2). 

Motor and power cable continuity 

A) Shut off incoming power to the control 
panel, and disconnect the motor power ca- 
ble leads. Connect the ohmmeter test leads 
to any power cable leads (U1-U2, V1-V2, 
W1-W2 or U1-V1, U1-W1, V1-W1), and 
note the ohmmeter reading. A high resis- 
tance reading indicates an open or broken 
circuit in the power cable or motor wind- 
ings, or a bad connection between the mo- 
tor and cable. 

B) Repeat step A with each set of leads. The 
three readings must be as close as can be 
measured. 

C) If the readings indicate that continuity prob- 
lems exist in the motor or motor cable, the 
motor must be returned to an approved re- 
pair shop. 

Insulation resistance 

A) Disconnect the incoming power to the con- 
trol panel, and disconnect the motor power 
cable leads. Connect one megohmmeter 
test lead to the motor cable green/yellow 
ground lead. Touch the other test lead to 
each of the motor cable leads in turn. Note 
the readings. 

B) The readings will indicate resistance values 
in both the power cable and motor wind- 
ings. If the resistance reads infinity, the in- 
sulation is good. If the resistance reads 
between infinity and 100 megohms, the in- 
sulation is acceptable but should be re- 
checked regularly. If the resistance reads 
less than 100 megohms, the insulation 
should be checked more closely and fre- 
quently. 

C) If the readings indicate that a ground exists, 
test the stator and motor power cable sepa- 
rately. Replace as required. 
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4. PROCEDURES AND TESTING WHEN STARTING WORK ON PUMP 

4.1 CLEANING 

Seal the loose cable end. A wet cable end 
may allow water to seep into the cable and 
into the motor. 

Wash the pump carefully. 

Remove caked dirt from the motor surface. 

NOTE Dirt on the motor surface 
hampers cooling. Dirt not re- 
moved may get into sensitive 
parts e.g. the seals, during 
handling. 

Dry the pump after washing. 

For cleaning of a pump equipped with cool- 
ing jacket, please refer to Section 7. 

Washing dirty pump. 

WARNING: When using cleaning solvents, remember that most of them are toxic and flam- 
mable. Use them only in a well ventilated area that is free from flame, sparks and 
excessive heat. Read and follow all precautions printed on the solvent container. 

4.2 VISUAL INSPECTION 

Note possible external damage. 

Inspect the cable carefully. If the cable 
sheath is damaged, replace the cable. 

4.3 MOTOR SPACE INSPECTION. 

For pumps with cooling jacket, first remove 
the jacket. Please refer to Section 7. 

Open the inspection plug at the base of the 
stator and check whether there is any fluid 
(water, oil or a mixture of both) inside the 
motor. A small amount of clean oil does not 
require corrective procedures. If, however, 
water or a substantial amount of oil is found 
in the motor casing, both the bearings and 
the seals must be inspected (Section 10 

and 11). 

NOTE There can be a pressure 
build-up in the motor housing 
- open plug slowly. 

Measure the insulation resistance (Section 
4.4.3) and, if necessary, dry out any wet 
parts See Section 12 and 13). 

Motor casing inspection. Inspection plug re- 
moved. 
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4.4 ELECTRICAL MEASUREMENTS 

If the cable is undamaged, make the meas- 
urements from the free cable end. 

If cable is damaged, measure from the ca- 
ble terminal with cable disconnected. Con- 
nection terminals are accessible by hand 
once the motor cover has been removed. 
See Section 12. 

If you discover moisture in the motor, dis- 
mantle it and dry it out in an oven. See Sec- 
tion 13. Repeat all electrical measure- 
ments. 

4.4.1 Testing internal motor control devices 

Connect tester (test bell, test lamp etc.) to 
leads PI and P2 ( on older pumps marked 1 

and 2). If tester functions (bell rings, lights 
come on) the control circuit is closed and 
intact. 

4.4.2 Testing the earth connection 

Connect one tester to the earth lead 
(yellow-green) and the second one to the 
pump body (an uninsulated point, not to the 
cooling jacket, if there is one) If tester func- 
tions, then the earth connection is in order. 

If tester doesn't function, the earth connec- 
tion is faulty and must be repaired. 

WARNING The pump should under no 
circumstances be connected 
to the mains voltage if the 
earth connection is not intact. 
Disregard of this precaution 
results in mortal danger. 

4.4.3 Measuring insulation resistance 

Use an insulation resistance tester, that can 
apply at least 500 volts DC. 

The insulation resistance must be greater 
than 100 megohms. 

Measure earth (body) to phases U1, V1 and W1 

Measure earth (body) to control circuit leads P1 and P2 (1 and 2) 

Measure control cirquit leads PI and P2 to phases Ul, V1 and W1 

Measure between phases. 

Testing protective devices 

Testing earth connection. 

If any of the above-mentioned measurements are below 100 megohms, measure cable, windings 
and devices separately to find out where the insulation resistance has decreased. 
Reduction of insulation resistance due to moisture requires drying of the relevant parts. See Section 
12 cable drying and Section 13 stator and rotor drying. 
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4.4.4 Stator coil resistance 

NOTE Resistance values for mo- 
tors are listed in the repair 
guide, part 3B. 

The stator winding (coil) resistance is 
measured to find out the condition of the 
coils. 

If measurement from the free cable end in- 
dicates false readings, measure the resis- 
tance from the coil ends within the terminal 
space with cable disconnected. 

If zero readings or thereabouts are ob- 
tained, the stator must be dried before the 
stator resistance measurements are car- 
ried out. See Section 13. 

Verifying damage to the windings. Consis- 
tent readings for the resistance values of 
the different phases is sufficient evidence of 
winding damage. The measurements can 
be performed with a reliable multimeter with 
3 digit accuracy. However, the maximum 
allowable difference between the phases is 
± 10%. 

Measuring stator coil resistance at terminal 
space. 

Measuring insulation resistance. 

Measuring stator winding resistance at cable 
free end. 
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5. DISMANTLING AND ASSEMBLING THE PUMP PARTS 

5.1 SUCTION CLEARANCE INSPECTION AND AD- 
JUSTMENT. VERSIONS 1,2,4,5 AND 7. 

All SI, S2, S3, S4, SN and SS pumps have an axial impel- 
ler clearance of 0,7 ± 0,2 mm. 

If the clearance has increased to 1,2 mm or more, read- 
just it to the specified value. 

NOTE There is no clearance adjustment possibility 
on SV-pumps. You can check the impeller 
and volute casing for wear only. 

Proceed as follows: 

A. PUMPS FRAME SIZE 58 AND ABOVE 

The adjusting screws are located in the suction cover at the 
bottom of the volute casing: 

Adjustment is made by tightening the adjusting screws. 

Measure the clearance several times when adjusting with 
a feeler gauge at different points by rotating the impeller by 
hand to different positions. 

B. PUMPS FRAME SIZES 01... 54 

The adjusting screws are located in the oil housing : 

Adjustment is made by tightening the adjusting screws. 

Measure the clearance several times when adjusting with 
a feeler gauge at different points and rotate the impefler by 
hand to different positions. 

A. Adjusting screws located in suction 
cover. Frame size 58 and larger. 

Suction clearance adjustment 

B. Adjusting screws located in oil 
housing. Frame sizes 01 through 54. 
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NOTE In the SS pumps the adjust- 
ment is the same as in case 
B, but the adjusting screws 
work in the reverse direction. 

SARL1N 
Pumps 

5.2 SUCTION CLEARANCE INSPECTION AND ADJUSTMENT. VERSIONS 3 AND 6. 

The following procedure should be followed in adjust- 
ing the suction clearance when the pumps are still 
connected to the suction and/or pressure piping. 

For pumps with separate suction cover, loosen 
the suction pipe flange 

Open the locking screws (item No. 028). 

Open the adjusting screws (item No. 074) until 
they clear the volute casing 

Tighten the locking screws until the clearance "s" 
closes. 
Measure and make a note of the reference gap 
"X" with feeler gauges. 

Tighten the adjusting screws until the reference 
gap has widened by 0,7 ± 0,2 mm. 

Retighten the locking screw. Confirm the gap "X". 

N'td 
11.11S/N. 

Suction clearance reference dimension 

NOTE For pump units with a separate suction cover (frame size 58 and larger): If the 
impeller clearance is found to be worn excessively, spacers (adjusting shim item 
No. 083) should be used between the pump suction flange and pipework flange to 
relieve tension in the pipework. 
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Adjustment spacers: 
1. Flange seal 
2. Shim No.1 

3. Shim No. 2 

Thickness 3 mm 

Thickness 2 mm 
Thickness 4 mm 

Adjustment spacer usage sequence 

Set No. Parts Thickness 

1 1 3 mm 

2 1 + 2 5 mm 

3 1 + 3 7 mm 

Nal 

1111111111. 
O 

Original 
flange seal 

5.3 REMOVAL AND INSTALLATION OF STAND AND CONNECTING GUIDE SHOE 

Dismantling is necessary only if the parts are 
damaged or worn to the point of needing re- 
placement. 

Check especially the rubber diaphragm. 
Replace it if there are any tears or if it 

shows significant wear. 

Dismantle the parts by loosening the fixing 
screws. 
Reinstallation is done by fixing the parts in 
position and tightening the screws. 

Removing guide shoe. 

Inspecting rubber diaphragm. 

Removing stand. 
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5.4 REMOVAL AND INSTALLATION OF SUCTION COVER. 

Frame size 58 and larger only. 

It is necessary to remove the suction cover when 
checking the condition of the pump parts, or when 
the pump parts are worn. 

Unscrew the fixing screws. 

Pry the cover free by using levers. Assembly 
takes place in reverse order. 

In version 3, note the correct position of the cover 
(flange bore in relation to pump discharge) 

Use a soft hammer to tap at the bottom to facili- 
tate positioning. 

Screw the fixing screws in place. 

Check adjustment of the suction clearance.(see 
section 5.1) 

Tighten the screws. 

SAR LI N 
Pumps 

Removing suction cover using levers. 

5.5 REMOVAL AND INSTALLATION OF VOLUTE CASING 

Hook the pump to a crane and lift it upright. 

Remove the volute casing fixing screws. 

Lift the motor from the casing. 

If needed, removal of the motor can be aided by 
tapping all around the casing with a soft hammer 
or by prying it loose with levers. 

Removing volute casing using a soft 
hammer. 

Removing volute casing using levers. 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 217 of 344



SARLIN 
Pumps 

REPAIR MANUAL 

Section 5 Page 5 

Assembly is done by lowering the motor with 
its impeller into the volute casing. 

Correct positioning of parts is assisted by 
light tapping with a soft hammer. 

Screw the locking screws and the adjusting 
screws in place. Adjust the suction clear- 
ance and tighten the locking screw. 

WARNING The locking screws must not 
be tightened before the ai- 
justment has been made. 
Otherwise the volute casing 
may press against the impel- 
ler which may cause dam- 
age to the bearings. 

NOTE SV-pumps have no adjust- 
ment facility. 

Make sure that the lifting handle is positioned 
correctly: 

Version 1 and 2: The apex of the lifting 
handle is on the opposite side of the dis- 
charge opening. 

Version 3, 4 and 5: The apex of lifting han- 
dle is on the side of the discharge opening. 

See the drawings below for reference on cor- 
rect position of the lifting handle. 

AIllalli 

IMIN 

kH . 

pM 

., . ,, ,,,, . . . . 

moil. 

OM. III 

Oil N =EL 
i ,.. lEi 

A mai 
amr, 

I 

Oa 116,,, 

WA: 
lel 

4 

ii 

romb 1 

Version 1 and 2 Version 3 and 6 Version 4 and 5 

5.6 IMPELLER REMOVAL AND INSTALLATION 

5.6.1 Removal of the impeller 

Place the motor in a horizontal position on a 
firm workbench or trestle with the impeller 
facing outward. 

Remove the impeller screw. 

Remove the impeller preferably with a 
puller. 

Removal is also possible with the aid of levers. 
Place the levers behind the impeller and op- 
posite each other. Be careful. Never use just 
one lever, as this may cause damage to the 
shaft or bearings. 

NOTE Place levers under the impel- 
ler vane. 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 218 of 344



 

REPAIR MANUAL 

Section 5 Page 6 

5.6.2 Installation of the impeller 

Check the conical surfaces of the shaft and 
impeller. Clean them thoroughly. 

Oil the conical surfaces of shaft and impel- 
ler before mounting the impeller on the 
shaft. 

Place the impeller in position. Tighten the 
impeller screw by using a torque wrench. 

SARLIN 
Pumps 

After initial tightening, tap the impeller lightly 
with a soft hammer in the axial direction. 

Complete the tightening process with the 
torque wrench. See section 5.1 0. 

Details of removal and installation are given 
further on. 

5.7 IMPELLER IN FRAME SIZES 26, 30 AND 38 AND 34 UP TO INTERCHANGEABIL- 
ITY LETTER C 

Removing impeller with levers. 

Item Part Part No No. off 

007 Washer FGUB 067 1 

010 Impeller screw FMSR 06016 1 

Used in frame size 26 and 30. 

Used in frame size 34 up to pump s/n 64604. 

Item Part Part No No. off 

007 Lock washer FGUL 082 2 

010 Impeller screw FMSR 08020 1 

Used in frame size 38. 

Used in frame size 34 from pump s/n 64604 to s/n 
101393. 

Item Part Part No No. off 

007 Lock washer FGUL 102 2 

010 
_ 

Impeller nut FMHM 10 1 

Used in frame size 34 from pump s/n101394 to s/n 

xxxxxx. 
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5.8 IMPELLER IN FRAME SIZES 01 AND FROM 42 TO 54 AND 34 FROM 
INTERCHANGEABILITY LETTER D ONWARDS 

With the earlier, non-SuperVortex, types of SV 
pumps, in frame sizes 01 and 50 remove the 
impeller cap by using a special impact removal 
puller 

The old types are: 
SV 014 - SV 034 
SV 042 
SV 054A 
SV 054 - SV 074 
SV 124A 

The other pump types in these frame sizes 
are constructed as shown below. 

Removing impeller cap with an impact puller. 

Removing S1, S2, S3, S4 and SN impeller. 

Item Part Size Used in frames 

010 

Imp. Screw 32432 M 8 42, (34) 

Imp. Screw 32437 M 10 46, 50 

Imp. Screw 32438 M 12 54 
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5.9 IMPELLER IN FRAME SIZES 58 TO 70 

5.9.1 Impeller for frame sizes 58 and 62 

5.9.2 Impeller for frame sizes 66 to 70 

Item 420. Locking key for shaft sleeve 
Item 006. Impeller key 
Please note location of impeller key notch. 

In these pumps the shaft has been sealed 
from contact with the pumped liquid by means 
of 0-rings. Always use good, preferably new 
0-rings, and lubricate them with oil. 

Check the shaft and the impeller mating 
surfaces. Clean if necessary. 
Place an 0-ring into the groove in the shaft 
sleeve. 

Fitting 0-ring in the shaft protecting sleeve. 
CD, Retaining ring, O 0-ring groove, © 0-ring 
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Fitting impeller cap 0-ring. 
D Impeller cap. 0 0-ring. 

Fitting impeller screw O -ring. 
i0 Impeller screw. 0 0-ring. 

Lubricate the conical surfaces on the shaft with oil. 

Lubricate the sealing surfaces on the impeller with oil. 

Place the impeller on the shaft. 

Place the 0-ring on the impeller cap, then fit the cap in position. 

Place the 0-ring into the groove on the head of the impeller screw. 
Tighten the impeller screw according to the instructions. See Section 5.1 0 

5.10 TIGHTENING THE IMPELLER SCREW 

When assembling please note: 
The threads of the impeller screw and its 
mating surfaces must be lubricated with oil to 
reduce friction and to prevent corrosion of the 
surfaces. 

The fastening torques for different pumps are 
given in a table in Volume 3 B. 

NOTE Using the right torque for- 
tightning the impeller screw 
is very important for the fol- 
lowing reasons: 

If the torque is too low, the impeller may 
come loose. 

If the torque is too high, the screw will 
stretch and lose its tension and the impeller 
may come loose. 

Tightening the impeller screw using a torque 
wrench (SV impeller). 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 222 of 344



 

REPAIR MAN UAL 

Section 5 Page 10 

ilARL I NI 
Pu mps 

Tightening the impeller screw using a torque wrench. 
S2 impeller. 

Tightening the impeller screw using a torque wrench. S1 impeller. 
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6. OIL DRAINING AND REFILLING 

6.1 DRAINING 

Place the motor flat on a workbench with 
one oil plug facing upwards. 

Clean the area around the oil plugs. 

Place a container under the motor. 

Open the upper plug slowly so as to allow 
possible overpressure to escape. 

Open the plug to the side. Turn the motor 
and let the oil run out. 

Check the condition of the oil. Clear oil in 
good condition can be re-used. Emulsified 
or "milky" oil must be changed. If the oil 
contains much mixed water, the primary 
shaft seal must be checked and replaced if 
necessary. 

NOTE Always make sure the oil 
plugs and the sealing sur- 
faces are OK. 

Always replace the 0-rings after the oil plugs 
have been opened. 

CONDITION OF OIL 

Draining oil. 

Oil plug for frame 
sizes 26 to 46. Part 
No. FMSL 0812 or 

FMSL 1012 

Oil plug for frame 
sizes 01, 50 and up. 

Part No.34041 

A. Oil in good condition. B. Oil emulsified. 
Change oil. 

C. Excess water in oil. 
Change oil, check seal. 
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6.2 REFILLING 

Use grade SAE 10 W 30 motor oil. 

Fill the oil housing by pouring oil through the 
fill hole pointing upwards until the oil begins 
to flow out of the hole pointing to the side. 

Replace the 0-rings and lubricate the m 

slightly with oil. 

Screw in the plugs and tighten up. 

NOTE Do not use grease when U- 

bricating 0-rings. 

NOTE Correct oil quantities for all 

pumps are listed in Volume 3 

B. 

ISAR LI N 
Pumps 

Correct oil level 
at this plug 

This plug upwards 

k44 
, 

, 

1 _ _ _ _ 

6.3 OIL DRAINING AND REFILLING PUMPS IN UPRIGHT POSITION 

For pumps of frame size 66 and larger, the 
oil can be inspected and changed with the 
pumps in an upright position. Plug No. 1 in- 
dicates thus the correct quantity of oil. The 
oil is drained through the lower plug (3), 
using a vacuum pump for the residual oil. 

The condition of the oil is inspected as ex- 
plained in Section 6.1 above. 

Oil inspection and refilling when pump upright 
0 Oil plug for filling. 

0 Motor inspection plug. 

0 Oil plug for draining. 
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7. REMOVING AND INSTALLING THE COOLING JACKET 

The cooling jacket must always be removed when 
the motor has to be cleaned or opened. 

7.1 PROCEDURE FOR REMOVING THE 
COOLING JACKET 

Remove the lifting handle. 

7.1.1 Frame sizes 50 and 54 

Pry the cooling jacket loose with levers by using 
the adjusting screws for leverage support. 

NOTE Light heating with liquid gas 
torches helps when removing cast- 
iron jackets. 

7.1.2 Frame sizes 58 to 70 
Remove the jacket by using a crane or, for ex- 
ample, a bottle jack. 

7.2 CLEANING 

Protect the free cable end. A wet cable end can 
allow moisture to penetrate the cable/motor. 
Carefully wash and clean the external surface of 
the motor and internal surface of the cooling 
jacket. 

Remove caked dirt from the motor surface. 
Dry the relevant parts after washing. 
Dirt on the motor surface reduces the cooling ef- 
fect and can get into sensitive parts, e.g. the pri- 
mary seal, while the pump is being handled. 

7.3 REINSTALLING THE COOLING JACKET 

Check the condition of the 0-rings and their re- 
spective sealing surfaces. 
Lubricate the sealing surfaces of the cooling 
jacket. 

7.3.1 Frame sizes 50 and 54 
Place the cooling jacket onto the motor and, with 
the aid of the lifting handle and its screws, press 
the jacket into position. Make sure that the lifting 
handle is positioned correctly. (See Section 5.5) 

Prying the cooling jacket loose. 

Installation of cooling jacket by using the lifting 

handle. Frame sizes 50 and 54. Z 

Removing the cooling jacket us- 
ing a bottle jack and a specially 

designed tool. 
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7.3.2 Frame sizes 58 and larger 

NOTE The stator inspection plug must be 
closed before attempting to install 
the jacket. 

The correct position for the cooling jacket de- 
pends on the following: 

For pumps of frame sizes 58 and 62, it is deter- 
mined by guide markers on the upper part of the 
jacket. The lifting handle must go be between the 
markers. 

For pumps of frame sizes 66 and larger, it is de- 
termined by the longest guiding fin on the inside of 
the jacket. This fin must fit into the socket, which 
is beside the stator inspection plug. 

Place the jacket on the motor and press it down 
by hand. Check again that the 0-rings are in 

place. Place the lifting handle on the upper edge 
of the jacket and work the jacket into the final 
position by tapping at the handle. Take care not to 
damage the upper rim of the jacket. 

Place the lifting handle in position and tighten the 
screws. Make sure that the lifting handle is posi- 
tioned correctly according to installation version 
(please refer to section 5.5). 

7.4 WORKING PRINCIPLE OF THE COOL- 
ING JACKET 

SAR LI N 
Pumps 

Guide markers. Frame sizes 58 and 62. 

Guiding fin in correct position in the 
socket beside the inspection plug 

The pumped liquid is channeled through a ro- 
tating clearance into the cooling jacket. The 
cooling jacket automatically fills up with liquid. 
The cooling liquid is circulated throughout the 
system around the motor by the pumping ac- 
tion of the slots in the upper shroud of the im- 
peller. The excess heat from the motor is dis- 
sipated into the liquid which in turn is cooled 
down when coming into contact with the impel- 
ler. 
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8. DISMANTLING AND ASSEMBLING AND INSPECTION OF SEALS 

NOTE Handle seal parts with extreme care to prevent damage. Be very careful not to 
spoil the precision-finished seal faces; even fingerprints can shorten the seal life. 

8.1 DISMANTLING THE SEAL UNITS (FRAME SIZES UP TO AND INCLUDING 46) 

Drain all oil from the oil housing be- 
fore dismantling the seal. 

Remove the volute casing, impeller 
and the key. 

Unscrew the oil housing fixing 
screws. Pull the oil housing away 
from its place with, for example, a 

screwdriver. Lopsided pulling may 
damage the seal. 

REMOVING THE LOWER STATIONARY 
SEAL 

Remove the counterdisc by pressing 
and turning simultaneously, thereby 
effecting its release. 

Remove the springs and press with 
fingers the lower stationary seal out of 
the oil housing. Check the condition of 
the oil housing 0-ring. Replace if 
necessary. 

REMOVAL OF SEAL RING 

Protect the conical shaft surfaces and 
key slot, e.g. by covering with tape. 

Remove the seal ring from the shaft 
by manually pulling at the seal ring. 

REMOVAL OF SHAFT 0-RING (old 
type) 

Remove the 0-ring, taking care not to 
damage either the shaft or the 0-ring 
(see picture below). 

Removing oil housing. 

<- Removing 0-ring (old type). 
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REMOVAL OF UPPER STATIONARY SEAL 

If there is no reason to remove the rotor, a 

stiff wire with a hooked end can be used to 
remove the upper stationary seal ring. 

If the lower bearing bracket must be re- 
moved, press the upper stationary seal 
away from its housing with your fingers. 

VISUAL INSPECTION 
(see also Section 8.8) 

After the seal has been dismantled, check 
its condition. Pay particular attention to the 
0-rings and their mating surfaces on the 
shaft and the oil housing. Replace damaged 
parts. 

If the seal surfaces are damaged, replace 
the entire seal unit. 

DRIVING PIN 

Do not remove the seal driving pin from the 
shaft if it is not necessary. 

If it is necessary to remove the seal driving 
pin from the shaft and to replace it, use 
glue: Loctite "Super Fast" 601 or compati- 
ble. 

NOTE During dismantling and ass- 
embling the seal, the sharp 
edges of the keyway have to 
be covered, e.g. with tape. 

Shaft in frame sizes 26 to 38. 

Driving pin 

Old type FABN 02098 

New type FABN 03098 

Shaft in frame size 42 and 34 
from interch. letter D onwards. 

Driving pin 

Old type FABN 03138 

New type FABN 04158 

Pressing with thumbs. 

Using tape. 

Tape to protect 0- 
rings during assembly 
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8.2 ASSEMBLING SEAL UNITS FOR PUMPS OF FRAME SIZES 26, 38 AND 34 UP 
TO AND INCLUDING PUMPS WITH INTERCHANGEABILITY LETTER C. 

I-Counter disc 1 

I + springs I 
..._ 

Seal unit YJ 34452 (old type) 
0-ring in the groove on the shaft 
Used in pumps which do not have any inter- 
changeability code, for example: 

ST 022 H 1 

SV 024 BH1 

ASSEMBLING 

NOTE 

Seal unit YJ 34541 (new type) 
0-ring in groove in the rotating seal ring 
Used in pumps which have an interchange- 
ability code, for example: 

ST 022 H 1 A 
SV 024 BH1 A (or B..) 

Use clean tissue when handling the seal elements 

8.2.1 Upper stationary seal ring 

Lightly oil the stationary seal ring collar and place the 0-ring on the stationary seal ring. 

Oil the seal cavity for the stationary seal ring and install the ring using the assembly tool. 
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8.2.2 Rotating ring 

KOK 101 

Grease in 
groove 

When using seal unit YJ 34452, place the 0-ring in the groove with a special tool. 

Oil the 0-ring lightly and install it in the groove in the seal ring or on the shaft. 

Lubricate the motor shaft and the upper face of the seal. Also put grease in the groove for the 
drive pin. 

Install the seal face on the shaft by hand so that the slot in the seal ring engages the drive pin 
and the seal ring is flush against the stationary seal ring. 

8.2.3 Lower stationary seat unit 

Install the lower stationary seat in the retain- 
ing seat. 

Oil the retaining cup lightly inside and install 
the retaining seat in the retaining cup by 
using a special tool. 

Oil 

8.2.4 Counterdisc, retaining cup 
and seal housing 

Oil the 0-ring lightly and install it in the seal Grease 
housing 

Place a dab of grease in the cups of the 
spring locking disc to hold the three springs 
in place and install the springs in the cups. 

Install the counterdisc in the seal housing; 
rotate the spring locking disc so that it is 

O locked in place by the gussets in the seal 
housing. 

Oil the retaining cup outside and place it 
through the spring locking disc so that the 
counterdisc seats against the flange of the 
retaining cup. 

Oil 

MILWELIIMill 
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8.2.5 Seal housing 

Oil the seal faces lightly. 

Install the assembled seal housing in the 
stator/motor housing. 

Secure the seal housing to the motor 
housing with three screws. 

8.3 ASSEMBLING THE SEAL UNIT FOR FRAME SIZE 42 and 34 FOR PUMPS WITH 
INTERCHANGEABILITY LETTER D AND ONWARDS. 

Stationary 
seal ring (upper) 

ECounter disc 
+ springs 

Seal unit YJ 34499 (old type) 
0-ring in groove on shaft 

Used in pumps with generation marker A or B 
(or blank), for example: 

SV 044 B 1 

S1 044 A 1 

Used in EX-pumps with blank interchangeabil- 
ity letter, for example: 

SVX 044 B 1 

Seal unit YJ 34538 (new type) 
0-ring in groove in rotating ring 

Used in pumps with generation marker C, 
for example: 

SV 044 C 1 

S1 044C 1 

Used in EX-pumps with generation marker A or 
B and interchangeability letter A, for example: 

SVX 044 B 1 A 
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ASSEMBLING 

NOTE Use clean tissue when handling the seal elements. 

8.3.1 Upper stationary seal ring 

Oil PUR 085 

Lightly oil the collar of the stationary seal and install the 0-ring on the stationary seal. 

Oil the cavity for the stationary seal and install the seal with the tool in the seal housing. 

8.3.2 Seal face 

Oil 
Push 

Grease in 
groove Push 

KOK 106 

When using seal unit YJ 34499, place the 0-ring in 
the groove with a special tool. 

Lightly oil the rotating element 0-ring and install in groove in seal ring or the shaft. 

Lubricate the motor shaft and the upper face of the seal. Also put grease in the groove of the 
drive pin. 

Install the rotating ring onto the shaft by hand so that the slot in the seal face engages the drive 
pin and the seal face is flush against the stationary seal. 

8.3.3 Lower stationary seal, counterdisc and seal housing 

Oil the 0-ring lightly and install it in the seal 
housing 

Place a dab of grease in the cups of the 
counterdisc to hold the three springs in 

place and install the springs in the cups. 

Install the counterdisc in the seal housing; 
rotate the counterdisc so that it is locked in 

place by the brackets in the seal housing. 

Oil the stationary element outside surface 
and place it through the conterdisc so that 
the counterdisc sits against the flange of 
the stationary element. 

Grease 

Push 

I 

Push 

Oil 
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8.3.4 Seal housing 

Oil the seal faces lightly. 

Install the assembled seal housing in the 
stator/motor housing. 

Secure the seal housing to the motor 
housing with three screws. 

8.4 ASSEMBLING THE SEAL UNIT FOR FRAME SIZE 46 

[ Fastening screw 

ECTIurieTdWc 
+ springs 

Seal unit YJ 34530 

0-ring 

Stationary seal 
ring (upper) 

0-ring 

. t I 

Stationary seal 
ring (lower 

0-ring 

ASSEMBLING 

NOTE Use clean tissue when handling the seal elements 

8.4.1 Upper stationary seal 

Oil PUR 105 

Oil the collar of the stationary seal lightly and install the 0-ring on the stationary seal. 
Oil the cavity for the stationary seal and install the seal with the tool in the seal housing. 
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8.4.2 Rotating ring 

KOK 108 

PSARLIN 
Pumps 

Place the 0-rings in the shaft grooves with the special tool. 

Lubricate the inside of the rotating ring and install it on the shaft by hand so that the hole in the 
ring is over the threaded hole for the drive screw. 

8.4.3 Drive screw 

Put the drive screw into the alien key and 
drive the screw into the thread, simultane- 
ously pushing the rotating ring against the 
stationary seal. (Tool KOK 109) 

8.4.4 Lower stationary seal, counterdisc and seal housing 

Oil the 0-ring lightly and install in the seal 
housing 

Place a dab of grease in the cups of the 
counterdisc to hold the four springs in place 
and install the springs in the cups. 

Install the counterdisc in the seal housing; 
rotate the counterdisc so that it is locked in 
place by the brackets in the seal housing. 

Oil the stationary element outside and put it 

in place through the counterdisc so that the 
counterdisc seats against the flange of the 
stationary element. 

8.4.5 Seal housing 

Oil the seal faces lightly. 

Install the assembled seal housing in the 
stator/motor housing. 

Secure the seal housing to the motor 
housing witht hree screws. 

Push 

NNA 

Grease 

1111.11.111 

Push 

Oil 

Oil 
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DISMANTLING AND ASSEMBLING THE PRIMARY SEAL 

8.5 DISMANTLING OF FRAME SIZES 01 AND FROM 50 TO 62, OLD MODEL 

Counterdisc 

Locking ring 

Stationary seal 

Rotating seal face 

Spring 

Retaining ring 

Primary seal ("old" design with retaining ring and central spring) 

The primary shafts seals used in frame sizes 50 to 62 are either of the above pictured old model or 
of the new model presented in Section 8.8. On these pumps, the seals of old and new type are en- 
tirely interchangeable as units. Seal components are not interchangeable. 

DISMANTLING 

Drain all oil from the oil housing before dis- 
mantling the seal. 

Remove the locking ring. 

On frame sizes 58 and 62 the locking ring can 
be removed as shown in Section 8.7. 

Removing locking ring. 
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Unscrew the retaining screw on the retain- 
ing ring. 

Blow compressed air carefully into the oil 
housing at a max. 1,5 bar pressure support- 
ing the seal unit simultaneously by holding 
on to the retaining ring. The seal will come 
out as the pressure slowly rises. 

In field conditions you can use, for example, 
a car tyre pump or the equivalent. 

If, however, you are dismantling the motor, you 
can proceed as follows: 

After unscrewing the retaining ring screws, 
remove the retaining ring, seal spring and 
rotating seal face. 

Remove the counterdisc of the stationary 
seal. 

The stationary seal may now be removed. 
The best way is to dismantle the oil housing 
or the oil housing cover and press the ring 
out, using finger pressure, from the oil 
housing side. 

After disassembly, check the seal condition. 
Note the condition of sealing surfaces, 0- 
rings and their contact surfaces on the 
shaft and in the oil housing. See Section 
8.8. 

Replace the damaged arts. If sealing sur- 
faces are damaged, replace both rotating 
seal ring and the stationary seal. 

Removal of the stationary seal by hand from 
the oil housing side. 

Unscrewing the retaining ring screw. 

Removing the stationary seal using com- 
pressed air. 

Removal of the stationary seal using a hand 
pump. 
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8.6 ASSEMBLING THE SEAL OF FRAME SIZES 01 AND FROM 50 TO 62, 
OLD MODEL 

8.6.1 Stationary seal 

Oil housin. cover 

Exercise care when handling the seal. 
Be especially careful regarding cleanliness. 

Install the oil housing cover in position on the oil housing (frame sizes 58 to 62). 

Check that the 0-ring that goes with the stationary seal is in position. 

Lubricate the seal cavity of the stationary seal. 

Check that the slot in the stationary seal engages with the lug in the casting that prevents rota- 
tion. 

Press the stationary seal into place in the oil housing using a special tool. 

8.6.2 Counterdisc and locking ring 

Locking ring 

Counterdisc 

;:e4gli 

Fitting counterdisc locking ring. 

Put the counterdisc into the seal housing. Install the locking ring of the counterdisc in position 
with a screwdriver. The locking ring can be installed before or after the retaining ring is assem- 
bled . 
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8.6.3 Rotating seal ring, spring and retaining ring 

Locking ring 

Counterdisc 

Check that the 0-ring is in position in the 
rotating element. 

Oil the shaft and the seal faces. 

Press rotating ring, 0-ring, washer, spring 
and retaining ring as a unit onto the shaft by 
hand. 

Tightening the retaining ring screw. 

PUR 

A special assembly tool guarantees correct 
positioning of the retaining ring. 

0,5...1,0 

Retaining ring in pumps type SV 072...SV 
122 is shaped as a protective cup for the 
spring. 

Install the retaining ring to the correct 
position using a special tool. 

Tighten the retaining screw carefully. 
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8.7 DISMANTLING THE SEAL OF FRAME SIZES 66 AND 70, PUMPS WITH 
RETAINING SLEEVE AT SHAFT END (NO INTERCHANGEABILITY LETTER). 

(For pumps without retaining sleeve at shaft end, please refer to Section 8.8) 

NOTE The seal is similar to the seal used in frame sizes from 50 to 62 (old type), except 
for the retaining ring, which is a combined shaft sleeve-retaining ring. 

The seal in the picture is not in the 
final assembly position and is 

without a protection cup. 

Retaining sleeve 

0-ring 

Locking key 

Circlip 

OLD TYPE 

New type seals are equipped with a protection cup which covers the seal spring. 
The seals are interchangeable. 

Protection cup 

Retaining sleeve 

NEW TYPE 
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DISMANTLING 

Drain all oil from the oil housing 
before dismantling the seal. 

Remove the circlip on the shaft 
and the locking key behind it. 

Pull the retaining sleeve 
(protection cup), seal spring 
and rotating the seal face away 
from the shaft. 

Unscrew the fixing screws on 
the oil housing cover and pry 
the cover free. 

Remove the locking ring from 
the stationary seat. 

Remove the counterdisc from 
the stationary seat. 

Force the stationary seal out 
from inside the oil housing 
cover using finger pressure. 

Removing the circlip and locking key. 

Application of leverage to remove the retaining sleeve. 

After disassembly, check the seal condition. Note the condition of the sealing surfaces, 0-rings 
and their contact surfaces on the shaft and in the oil housing. See Section 8.8. 

Replace damaged parts. If sealing surfaces are damaged, replace both the rotating seal ring and 
the stationary seal 
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8.8 ASSEMBING THE. SEAL OF FRAME SIZES 66 AND 70 IN PUMPS WITH 
RETAINING SLEEVE AT SHAFT END (NO INTERCHANGEABILITY LETTER). 

8.8.1 Stationary seal 

See instructions in Sections 8.6.1 and 8.6.2 when assmbling the stationrary seal, counterdisc 
and locking ring. 

8.8.2 Rotating seal ring and shaft sleeve-retaining ring 

Oil 

Place the relevant 0-ring on the shaft. 

Oil the retaining ring inside and out- 
side. 

Put the protection cup onto the retain- 
ing sleeve (new type). 

Press the seal spring, washer, 0-ring 
and rotating seal ring into the retaining 
sleeve by hand, so that the spring 
rests against the shoulder of the 
sleeve. 

Press the sleeve with its sealing parts 
onto the shaft by hand. 

Put the locking key in position with 
grease to hold it in place. 

Snap the circlip into the groove in the 
shaft. 

...II?", 

71! 

OLD TYPE NEW TYPE WITH 
PROTECTION CUP 
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Press the seal package onto the shaft with 
the required tool. 

The seal is in the right position when the 
circlip fits in its groove on the shaft. 

Ensure the position of the circlip by lightly 
tapping with a screwdriver and a soft ham- 
mer. mer. 

8.9 DISMANTLING THE SEAL OF 
FRAME SIZES 50 TO 70 IN PUMPS 
WITH NEW SEAL MODEL. FRAME 
SIZE 66 AND 70 PUMPS WITH 
INTERCHANGEABILITY LETTER A 
AND ONWARDS. 

DISMANTLING 

Drain all oil from the oil housing before dis- 
mantling the seal. 

Open the retaining screws of the rotating 
seal member. 

Pull the rotating seal off the shaft by hand. 

Unscrew the oil housing cover retaining 
screws and pry the cover free. 

Remove the locking ring from the stationary 
seat. 

Remove the counterdisc from the stationary 
seat. 

Force the stationary seal out from inside the 
oil housing cover using finger pressure. 

Mounting of the retaining sleeve with sealing 
parts onto the shaft. 
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8.10 ASSEMBLING THE 
SEAL OF FRAME SIZES 
50 TO 70 IN PUMPS WITH 
NEW SEAL MODEL. 
FRAME SIZE 66 AND 70 
PUMPS WITH INTER- 
CHANGEABILITY 
LETTER A AND 
ONWARDS. 

8.10.1 Stationary seal 

Refer to instructions in Sections 
8.6.1 and 8.6.2 when assem- 
bling the stationary seal, coun- 
terdisc and locking ring. 

al '11 

PItia 
,A. 

Press the stationary seal in its place with a special tool. 

8.10.2 Rotating seal ring with retaining ring system 

Oil the shaft and the seal faces. 

Check that the 0-ring is in position in the 
rotating ring seal system. 

Press the seal unit onto the shafty by hand. AW 
0111 

.i.L4A.'" , 

, 

r74.1kt' 
4111r 
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Install the rotating seal unit in its 
correct position using a special 
tool. 

Correct value for the gap be- 
tween the rotating seal and the 
retaining ring is 2,0 mm +0,3/-0 
MM. 

NOTE Use the set up 
plastic tool deliv- 
ered with the seal. 

Tighten the installation tool until 
the set-up tool becomes 
squeezed. 

Tighten the retaining screws. 

Remove the plastic set-up tool. 

/4. ,:.,,:....,,,......._.,, //4. \ .... -;.. v....... v 

-11 

8.11 INSPECTING AND CLEANING THE SEALS 

8.11.1 Inspection of the seal faces of silicon carbide and carbon seals 

Are the faces intact? (not broken, cracked, etc.). 
Are the faces worn too much? (deep scratches, oblique wearing). 

CHECK Put the stationary seal and the rotation seal face together manually. Try to rotate 
them radially. If this is impossible, the seals have to be repaired or replaced. 

Leakage: If a greater leakage suddenly appears, the seal should be checked regarding seal 
faces, 0-rings, etc. 

NOTE A minimal leakage is acceptable since it improves the lubrication of the seal faces. 
A leakage of approximately 0,02..0,03 ml/hour is permissible. 

8.11.2 Washing instructions for silicon carbide and carbon seals 

The seals should be cleaned in the following way: 

Dismantle the seal and place the components in wide-meshed baskets with the faces upwards. 

Rinse carefully with warm water, max. 40 °C 

Dip the basket up and down in a bath of a degreasing agent. 

Rinse the components again with warm water, max. 40 °C 

Blow the components dry with compressed air and check that the components are thoroughly 
clean. 

Wipe the faces carefully with acetone. 

Inspect the surfaces according to the above instructions. 

Replace the 0-rings with new ones and lubricate them properly. 

Assemble the clean seal and check the operation. 
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9. DISMANTLING AND ASSEMBLING THE OIL HOUSING 

Begin by removing the parts as shown in Sections 5 to 8.. 

9.1 DISMANTLING 

Remove oil housing cover (pumps of 
frame size 58 and larger). 

Unscrew the retaining screws. 

Remove the oil housing covers 
with the help of levers (please refer 
to Section 8.7). 

Remove the oil housing. 

Unscrew the retaining screws. 

Pry the oil housing free with levers. 
On large pumps, support the 
housing with a hoist. 

NOTE For instructions on re- 
moving the oil housing 
on frame sizes 26 to 
46, please see Section 
8.1. 

Removing oil housing cover using levers. 

Removing oil housing by applying leverage. 
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9.2 ASSEMBLY 

Install the 0-ring in its groove. 

SARLIN 
Pumps 

Supported removal of oil housing using levers and lifting 
device. 

Frame size 58 and larger: 
Place the upper 0-ring, which goes 
into the corner between the stator 
housing and and the bearing bracket, 
in position. Use grease for temporary 
fixing of the 0-ring. 
Place the other 0-ring in the oil 
housing groove. 

Installing 0-ring in pump of frame size 42. 

0-ring kept in place with grease.-> 
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Install the oil housing 
Put the retaining screws in position 
Tighten the screws gardually in sequence. 

NOTE On pumps of frame size 42 and 46 the rotation guards must be in cor- 
rect position before installation 

NOTE On pumps of frame size 58 and larger the stator housing inspection 
plug and the oil housing plug must be positioned on the same side. 

Rotation guards on pumps of frame size 42 and 46 
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10. DISMANTLING AND ASSEMBLING THE SECONDARY SEAL 

FRAME SIZES 01 AND FROM 50 TO AND INCLUDING 70 

NOTE Seal construction is similar in 

all pumps of these frame 
sizes. Seal size only will 
change with the following 
seals used: 

Frame size Seal dia. 

01 32 mm 

50 38 mm 

54, 58 50 mm 

62, 66, 70 65 mm 

Stationary seal ring 

Seconday seal unit 

Rotating seal ring with retaining system 

10.1 DISMANTLING 

The primary seal and oil housing have to be 
removed. Please refer to Sections 8 and 9. 

Loosen the retaining screws of the rotating 
seal ring unit. 

Pull the rotating seal unit off the shaft by 
hand. 

Remove the stationary seal by applying fin- 
ger pressure from the bearing bracket side. 
(For reference on removal of the bearing 
bracket, please see Section 11) 

Removing stationary seal ring from the seat. Loosening secondary seal retaining screws. 
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10.2 ASSEMBLY. OLD MODEL 

Oil 

Lightly oil the collar of the 
stationary seal and install the 
0-ring onto the stationary 
seal. 

Lubricate the seal cavity of 
the stationary seat and the 
shaft. 

Install the seal with the tool in 
the seal housing. 

Check that the 0-ring is in 
position in the rotating ring. 

Press the seal unit onto the 
shaft by hand. 

Install the retaining ring in its 
correct position by using a 
special tool and tighten the 
retaining screws. 

r- - Tighten these surfaces 
to the same level with 

I - _j the special tool. 

PUR... 

For checking the seal condi- 
tion, please refer to Section 
8.8. 
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10.3 ASSEMBLY. NEW MODEL 

Oil 

Lightly oil the collar of the 
stationary seal and install the 
0-ring onto the stationary 
seal. 

Lubricate the seal cavity of 
the stationary seat and the 
shaft. 

Install the seal with the tool in 
the seal housing. 

11111111.11.111 I I I I ' 

I 
p. p.m.. 

1..kw A 
PUR 

41 [ftk 413447$4 min.% 

NIP" 
PUR 

1/4 

XNIMMir --qq1.11' 

r.711111 MEMO 

-am 

Check that the 0-ring is in 
position in the rotaing ring. 

Press the seal unit onto the 
shaft by hand. 

Install the retaining ring in its 
correct position by using a 
special tool. 

The gap between the rotating 
seal ring and the retaining 
ring must be 2,0 mm +0,3/-0 
mm. 
Using the plastic set-up tool 
provided with the unit, the 
installation tool is tightened 
until the plastic tool becomes 
lightly squeezed. 

Tighten the retaining screws. 

Remove the set-up plastic 
tool. 
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11. DISMANTLING AND ASSEMBLING OF ROTOR AND BEARINGS 

NOTE See also Section 2.2 General notes for dismantling and installation of bearings. 

11.1 UPPER BEARING 

The bearing can be replaced (except for pumps of frame size 46) without removing the rotor when 
the upper cover has been removed and the terminals are disconnected. For frame sizes 58 and 
larger, the upper bearing bracket has to be removed (using a removing thread facilitates removal). 

Remove the old bearing with an extraction tool. 

Install a new, heated bearing (80 °C... 90 °C). 

For bearing lubrication see Volume 3 B. 

NOTE If for any reason the upper bearing has to be replaced, it is recommend that you 
also replace the lower bearing in the following way: 

11.2 REMOVAL OF ROTOR 

NOTE Always be careful that the ends of the coils do not get damaged. 

Put the motor in a horizontal position on a 
firm workbench or trestle with the shaft up- 
wards. 

Remove the parts as shown in Sections 5 

through 10. 

Remove the rotor in the following way: 

11.2.1 Removal using puller 

Attach a puller to the motor shaft. Turn the 
screws on the puller so that the rotor and 
bearing shield are detached from their 
guard. See the number of the required 
puller from the tool list (a list of tools is 
given in Volume 3 B). 

Removing rotor using puller. 

Old Toowoomba Rd Leichhardt SPS SP320 Operations and Maintenance Manual Volume 1 & 2.1

Q-Pulse Id TMS750 Active 29/01/2014 Page 254 of 344



 

REPAIR MANUAL 

Section 11 Page 2 

RARLIN 
Pu mps 

11.2.2 Removal with a hoist 

The rotor can also be hoisted free by means of 
a hook attached in place of the impeller fixing 
screw. 

Attach the hook in place of the impeller 
screw. 

Lift the rotor free with a hoist. 

NOTE The methods above are suit- 
able especially for motors of 
frame sizes 26 to 46. 

11.2.3 Removal with levers 

Turn the bearing bracket until you are able to 
pry the rotor away from the stator with the 
bearing bracket. 

NOTE This method is suitable for 
motors of frame sizes 01, 50 
and 54. If the rotor is too heavy 
to lift away by hand, see item 
11.2.4. 

Hoist attached to eye bolt in shaft end. 

Prying the rotor from the bearing bracket with levers. 
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11.2.4 Removing using a lifting device 

Remove the rotor by tapping the 
upper end of the shaft with a 

soft hammer. (Or with levers, 
see item 11.2.3) 

When the rotor package is visi- 
ble, support it with some lifting 
device, so that the rotor is eas- 
ier to lift away without damaging 
the ends of the coils. 

NOTE This method is suit- 
able for motors of 
frame sizes 58 and 
larger. 

If a heavy motorised trestle is 
available remove the rotor as 
shown in item 11.2.2. 

Supported removal of rotor. 

Using motorised trestle. 

Rotor in manual trestle. 
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11.3 REMOVAL OF LOWER BEARING BRACKET 

Put the rotor on a workbench or in a trestle (or vise) for ease of handling. Depending of motor 
type proceed as follws: 

11.3.1 Frame sizes 01 and from 26 to 54 

Remove circlip from outer ring of lower 
bearing bracket. 

Remove the bearing bracket by using a 

suitable puller or press. Be careful of the 
shaft end and conical surfaces. 

Remove circlip at top of bearing. 

Remove washer and extract bearing with a 
puller. 

Removing circlip. Removing circlip. 

Removing bearing bracket with puller. Removing bearing circlip. 
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11.3.2 Frame size 58 

Remove bearing housing cover 

Pulling bearing housing cover 

Pull out lower bearing bracket using 
an extraction tool. (Stage 1.) 

Pullina bearina. 

Stage 1 

Remove circlip and washer and pull 
the bearing away from the shaft using 
an extraction tool. (Stage 2.) 

Extraction tool 

Stage 2. 
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11.3.3 Frame sizes 62 and 66 

Remove the lower bearing 
housing cover. (if necessary, 
remove the stationary seat of 
the secondary seal by pressing 
out from inside the bearing 
housing cover) 

Undo the upper bearing housing 
cover. 

Remove the bearing lock nut 
and lock washer. 

Remove the bearing bracket 
with a specially designed tool. 

Remove the bearings from the 
shaft with a specially designed 
tool 

11.3.4 Frame size 70 

Remove the lower bearing 
housing cover and 0-ring. 
Undo the upper bearing housing 
cover. 

Remove the bearing lock nut, 
lock washer and roller bearing 
angle ring. 

Remove the lower bearing 
bracket, which will come off 
without using a tool. 

KOK 033 or KOK 029 

Setting the special tool for removal of bearing bracket. 

Removing bearings with special tool. 

Setting the tool against the upper bearing housing cover. 
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11.4 ASSEMBLING 

Removing bearings. 

The procedure for assembling is the reverse of the dismantling process. 

NOTE The lower bearings in frame sizes 26 and 30 and both bearings in frame sizes 34 
to 46 are greased for life. If spare bearings are needed, always use original Sarlin 
high temperature greased bearings. 

NOTE The lower bearings in frame sizes 50, 54 and 58 are of the double row angular 
contact ball type with filling slots. They must always be installed so that the filling 
slot is on the impeller side. Please refer to the drawing below. 

11.4.1 Frame sizes 01 and 26 to 54 

Make sure that the parts on the upper side of the 
bearing are installed first on the shaft (circlip, 
cover, washer, etc.) 

Heat the bearing before mounting on the shaft to 
80 °C..90 °C. 

Put the lower washer and circlip in place. 

When the bearing is cooled, fit the bearing 
bracket after heating in an oven. Bearings which 
are not greased for life must be filled with grease 
(see lubrication of bearings in Volume 3 B). Place 
the circlip in the outer ring of lower bearing 
bracket. 

11.4.2 Frame size 58 

Mount the bearing housing cover on the shaft. 

Put the upper circlip and washer in place. 

Mount a heated (80 °C.. 100 °C) bearing on the 
shaft. Put the lower washer and circlip in place. 

Lubricate the bearing. 

Fit the heated bearing bracket in its correct 
position. 

Attach the bearing housing cover. 

Shaft circlip and washerZ 
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11.4.3 Frame sizes 62 and 66 

Mount the upper bearing housing cover on the 
shaft. 

Put upper circlip and washer into place (frame 
size 62 only). 

Fit the heated (80 °C..100 °C) bearings on the 
shaft. Note correct position for bearings (X- 
installation) 

Put the lock washer on the shaft. 

Screw in the lock nut, tighten and secure it. 

Attach the lower bearing housing cover to the 
lower bearing bracket. 

Heat the lower bearing bracket (70 °C..80 °C) 

Push the bracket onto the bearings while at the 
same time supporting the upper bearing housing 
cover against the bearings. 

NOTE Without this support the outer ring 
of the upper bearing may move and 
be damaged. 

Remove lower bearing housing cover. 

Lubricate the bearings. 

Put the 0-ring in its groove in the 
lower bearing housing cover. 

Attach the upper and lower bearing 
housing covers. 

Correct position for angular contact ball 
bearings. 

Supporting bearing housing upper cover. 
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11.4.4 Frame size 70 

(Motor lower bearing arrangement with one an- 
gular contact ball bearing). 

Put the upper bearing housing cover on the shaft. 

Mount a heated (80 °C..100 °C) angular contact 
ball bearing (note the correct direction) washer 
and the heated inner ring of the roller bearing on 
the shaft. 

Force the roller bearing outer ring with rollers into 
the heated lower bearing bracket. 

Insert the springs (6 pcs.) in the lower bearing 
bracket. Ensure that the springs stay in position 
by filling their holes with bearing grease. 

Lubricate the bearings. 

Mount the lower bearing bracket. 

Attach the upper bearing housing cover. 

Put the roller bearing angle ring and lock washer 
in position. 

Screw in the bearing nut, tighten and secure ft. 

Place the lower bearing bracket 0-ring in its 
groove. 

Attach the lower bearing housing cover. 

11.4.5 Frame size 70 

(Motor lower bearing arrangement with two an- 
gular contact ball bearings) 

Put the upper bearing housing cover on the shaft. 

Put the angular contact ball bearings on your 
workbench on top of each others with crease in 
between (note the correct direction of the bear- 
ings) 

Mount the heated locking ring on the bearings 
(note the correct direction of the notch) 

Mount a heated (80 °C ... 100 °C) angular contact 
ball bearing set (note the correct direction) and 
the heated inner ring of the roller bearing on the 
shaft. 

Correct position for angular contact ball 
bearing. 

Alternative lower bearing assembly ar- 
rangement. 
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Force the roller bearing outer ring with rollers into 
the heated lower bearing bracket. 

Insert the springs (6 pcs.) in the lower bearing 
bracket. Ensure that the springs stay in position 
by filling their holes with bearing grease. 

Lubricate the bearings. 

Mount the lower bearing bracket so that the slot in 
the bearing bracket engages the notch of the 
locking ring. 

Attach the upper bearing housing cover. 

Place the roller bearing angle ring and lock 
washer in position. 

Screw in the bearing lock nut and tighten and se- 
cure it. 

Place the lower bearing bracket 0-ring in its 
groove. 

Attach the lower bearing housing cover. 

11.5 ASSEMBLING ROTOR 

The procedure for assembly is exactly the reverse of 
the dismantling process. 

NOTE During assembly of the rotor, do 
not tap very hard at the rotor end. 
You may damage the bearings. 
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12. TOP COVER, CABLE INLET AND CONNECTION 

12.1 MOTOR COVER REMOVAL 

Remove the lifting handle by unfastening 
the screws. 
Remove the motor cover by light tapping 
with a soft hammer or using levers. 

Be careful of the connecting leads. 

Disconnect the cable leads from the termi- 
nal board. 

12.2 DISMANTLING THE CABLE INLET 

Do not disconnect or remove the cable un- 
less absolutely necessary. 

Loosen the inlet screws. 

Pull the cable and the cable inlet out. 

Disconnect the cable inlet by pulling it over 
the cable clamp. 
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12.3 CABLE DRYING 

If the cable has become moist it 

can be dried as follows: 
Blow clean dry air (max 0,8 bar) 
through the cable. Drying time is 

about 20 hours. 

12.4 INSTALLING THE CABLE INLET 

Drying of cable 

NOTE Do not reconnect the old cable in the same position at the cable inlet. Preferably 
use a new rubber seal. 

Strip the cable end. Reserve enough length for connections. Also remember that the earth lead e must be longer than the others. If same cable is to be used, it must be shortened so that the ca- 
ble clamp and rubber seal seats in a new position. 
Push the cable inlet and rubber seal onto the cable. 

Attach the cable-inlet combination to the motor cover and tighten the screws so that the cable 
inlet presses against the motor cover. 

Sits tight against motor cover. 
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12.5 CONNECTING 

Remember to correctly mark the shortened 
cable leads. 

Cable ends seen 'rani f,ce end 

C) - wire always yellow-Teen 

0 - wire !KA in use 

Lightly oil the 0-ring and install in the top 
cover. 
Connect the cable and motor lead to the 
terminal board as shown in the circuit dia- 
gram (Connector sets are shown in Volume 
3 B) 

The earth lead must be longer than the other 
leads. 

NOTE Fastening torque of the Allen 
screws in the connection plate 
(frame size 62 and larger) must 
be 1,3 kpm. 
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12.6 INSTALLING THE TOP COVER 

Oil the collar of the stator housing lightly. 

Positioning top cover. 

Put the top cover carefully in position so 
that the leads will not become damaged. 

Tap the top cover lightly with a soft hammer 
in the right position and bolt the cover. 

Make the necessary measurements. 

Oiling stator housing collar. 

Positioning top cover. 
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13 STATOR; REPLACEMENT AND DRYING 

13.1 REPLACING STATOR, FRAME SIZE 42 PUMPS WITH CAST IRON HOUSING 

NOTE For motors of 
frame sizes 26, 
50, 54 and 58 
stator housings 
and packages 
are not available 
as separate 
items, but as 
complete as- 
semblys only. 

Removing: 
Remove oil housing, rotor and motor cover. 

Note the position of the connecting leads 
coming from the stator housing in relation to 
the frame. 

Put the housing in a press in such a way 
that pressure can be applied on the stator 
from the pump side. An initial applied force 
of 15 tonnes is required to remove the sta- 
tor. 

NOTE: The stator can also be removed 
by applying heat to the housing. 
(Section 13.2) 

Installing: 
To install a new stator, first heat the stator 
housing (200 °C to 250 °C), then, carefully 
noting the position of the leads, drop the 
stator onto the shoulder of the stator hous- 
ing. 

NOTE The heating can be done with 
liquid gas burners or in an oven. 

Removing stator from housing. 

Installing stator. 

13.2 REPLACING STATOR, FRAME SIZES 26, 30 AND 42 (VERSION 3 AND 6) 

PUMPS WITH ALUMINIUM HOUSING AND FRAME SIZE 46 (ALL MATERIALS) 

Removal: 
Remove the oil housing, rotor and motor 
cover. Note the position of the connecting 
leads coming from the stator housing in re- 
lation to the frame. 
Put the stator housing in a press. 
Heat the stator housing with liquid gas 
torches at a temperature of 200 °C. Do this 
quickly so that the heat does not spread to 
the stator and press the package away 
from the stator housing. 

Removing stator. 
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Installing: 
To install a new stator, first heat the stator housing 
(150..200 °C), then, carefully noting the position of the 
leads, drop the stator onto the shoulder of the stator 
housing. 

13.3 REPLACING STATOR, FRAME SIZES 34 AND 38 

These stators are replaced in the way similar to the de- 
scribed above, with the exception that the stator pack- 
age will come out from the other end of the housing. 

13.4 REPLACING STATOR, FRAME SIZES 01, 46 AND LARGER 

Removal: 

Removing stator 

Lift the stator a bit off the floor. 

Heat the stator housing at the same time 
with 2 or 3 gas burners beginning from the 
bottom edge. 

Carry out the heating as quickly as possi- 
ble. The stator package will drop to the floor 

O after enough heat has been applied. 
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Installing: 
Put the stator package carefully in an as- 
sembly ring. 

Heat the stator housing to 200..250 °C with 
gas burners or in an oven. 

Lift the heated housing over the stator and 
lower it carefully onto the stator package. 

NOTE The stators of frame sizes 01, 
50 and 54 always need a spe- 
cial assembly tool for the cor- 
rect positioning of the stator 
package, because the package 
will not go onto a shoulder in 
the stator housing. See the ill- 
ustrations at right and below: 

Assembly dimension 

Installing stator. 

13.5 DRYING STATOR 

Place the stator in an oven at 100 to 110 
°C. Drying time is 6...12 hours. 

NOTE If the stator has become wet, the 
rotor must be dried as well. If 
this it not done, the stator may 
become moist again after re- 
assembly and trip the moisture 
switch. 

When the stator has cooled, carry out insu- 
lation resistance measurements to make 
sure it is dry. 

Assembly 
ring 

Drying stator and rotor in an oven. 
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14 MOISTURE SWITCH 

14.1 DISMANTLING 

Remove leads from switch. 
Remove fixing screws and nut. 
Remove switch. 

NOTE If the moisture switch has 
tripped, the whole unit must 
be replaced. 

U 

/CI 

Moisture switch 

14.2 INSPECTION AND ADJUSTMENT OF THE MOISTURE SWITCH 

NOTE Do not touch the expander part of the switch with oily hands. 

The moisture switch must be stored 
in the sealed packing to protect the 
expander part from humidity. The re- 

lay is set at the factory and must be 
checked and re-set before it is in- 
stalled in place. The moisture switch 
must be removed from its package 
one day prior to re-setting, to give suf- 
ficient time for the expander part to 
adjust itself to the local humidity level. 

Connect the switch to a simple bell 
circuit or other test circuit. Use the 
feeler gauge delivered with the Mois- 
ture Switch to adjust the clearance 
between the expander part and the 
switch body. The clearance should 
be 2,5 mm (0,1 inches). 

Check the microswitch 
After connecting the test bell, pull the 
expander 2 or 3 times to make sure 
that the bell stops ringing (the electric 
circuit will be broken) when the a- 
pander is pulled outward and starts to 
ring when the expander is free. 

Adjusting the clearance 
Place the feeler gauge between the 
body and the expander, pulling the 
expander outward. If the bell rings, 
turn the adjusting screw clockwise 
until the bell stops ringing. If again the 
bell is not ringing, turn the adjusting 
screw counterclockwise until the bell 
starts ringing. 

Adjusting the moisture switch. 

Check the adjustment by removing the feeler gauge 
and re-installing it. The bell should connect on and off 
when you gently move the feeler gauge. 
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switch 

Moisture switch installed. 

14.3 INSTALLING THE SWITCH 

Moisture switch installed. 

Install the tested switch in the motor in the reverse order of dismantling. 

Ensure that the leads do not get pinched between the insulation ring and the motor cover. 
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15 TIGHTNESS TESTING 

The tightness test always has to be carried out after the motor is opened. 

Use dry compressed air to perform the tightness test. 

Moisture admitted into stator chamber will cause the moisture switch to trip. 

Use nitrogen gas if available. 

NOTE Make sure that the pressure never exceeds 1 bar. This could displace the seal. 
Do not immerse the free end of he cable. 

The test should be carried out as follows. 

Test repaired/overhauled pump before refilling with oil. 

Attach pressure hoses to oil housing (A) and stator inspection plug (B) with connectors. 

Air pressure connectors attached. 
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Connector for tightness test. 

NOTE Consult the tool list in Book 3B for correct required test tools for your pump. 

Begin by making sure that there 
is a tight seal between the oil 
housing and the stator cham- 
ber. Apply compressed air at a 
pressure of about 0,6. .0,8 bar 
to the oil housing and submerge 
the end of the hose connected 
to the stator inspection plug in 
water. Make sure that no water 
gets into the stator chamber via 
this hose. 

If air emerges (water bubbles) 
from the end of the hose, the 
joint must be dismantled and 
the cause of the leak found and 
corrected. 

Air in (0,6...0,8 bar) 

Stator chamber 

Apply compressed air to motor through both 
hoses. 

Submerge motor in water and rotate motor 
a few times but no longer than 10 seconds 
so that the secondary seal does not burn. 
Carefully check that there are no air leaks. 

Oil housing Water level 

Bubbles indicate seal leakage 

Checking the secondary seal. 

Checking the motor. 
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If the primary seal leaks, revert to the procedure described in Section 8. 

When motor is proven to be watertight, check condition of plugs, their 0-rings and mating sur- 
faces. Replace parts where necessary. 

NOTE As a precautionary measure, plug 0-rings should always be replaced when the- 
plugs have been opened. 

Refill with oil as shown in Section 6. and close the plugs carefully. 

NOTE If compressed air is not available, you can use, for example, a car tyre pump. In 

that case both chambers have to be tested separately. 

Tightness test with a car tyre pump. 
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16 INSPECTION OF OVERHAULED OR REPAIRED PUMP 

Inspection procedures prior to delivery 

Using the tester at control leads P1 and P2 
(1 and 2) and check that the protective de- 
vices are in order (see Section 4.4.1) 

Using the tester check that the earth lead 
(yellow-green) is connected to the body 
(see Section 4.4.2) 

Measure insulation resistance to check that 
it is over 100 megohms between: 

phases (twisted together) to earth 
phases (twisted together) to control 
leads P1 and P2 (1 and 2) 
control leads P1 and P2 to earth 

Check the oil quantity in the oil housing (see 
Section 6.2) 

Check that surface dirt, which might have 
insulating qualities, is removed from the 
motor. 

Check that the rating plate is legible and 
that the ratings are still valid after the re- 
pair/adjustment work has been carried out. 

Check that the lead markings are indicated 
at the end of the cable 

Cover the end of the cable with a protective 
bag to protect it. 

NOTE Always make sure that a 

tightness test has been car- 
ried out when any part of the 
motor has been opened. 

Well repaired or overhauled pumps keep the 
customer satisfied. 

NOTE Fill out a service report for each overhauled pump and send one copy to: 

Oy E. Sarlin Ab 
Pumps Division 
P.O. Box 750 
FIN- 00101 HELSINKI 
FINLAND 
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FASTENING TORQUES OF IMPELLER SCREWS 

FRAME PUMP TYPE TORQUE Nm (LUBRICATED WITH MOTOR OIL) 
SIZE Conversion for other units: 

1 kpm = 9,81 Nm =10 Nm 
1 foot-pound (ft -rb) = 1,356 Nm 
1 inch-pound (in-lb) = 0,113 Nm 

01 SV 014..054A 22 
SV 042-H 40 
S1 014..054A 40 

26 ST AND SP PUMPS 
Nominal power 1 KW 

16 

30 ST PUMPS 16 
Nominal power 2 KW 

34 SV 014B..SV 024B 32 Screw M8 
SV 024B_B..SV 024B_B 46 Nut M10 
SV 014B_D SV 024B_D 40 
SV 032B..SP 032B 32 

42 SV 034B..SV 044C 
Si 026 ..S1 044C 

46 SV 064B..SV 074B 

46 S1 064A..S1 074A 

S1 054 ..S1 124A 
50 SV 072B..SV 122B 

SV 124A 
SS 038 ..SS 066 

54 S1 134 ..S2 174 

58 S1 224 ..S2 264 
SA 116 ..SA 264 

62 SI 304 ..S2 404A 

66 S2 278 ..S2 576 

70 S2 754 ..S2 1004 

70 S2 1304..S2 1604 

40 

90 

90 

120 

55 Impeller marked GRS 200 
90 Impeller marked GRP 500 with Nord Lock washer 

130 

170 Impeller marked GRS 200 
280 Impeller marked GRP 500 

170 Impeller marked GRS 200 

280 Impeller marked GRP 500 

RECOMMENDED FASTENING TORQUES FOR OTHER SCREWS USED IN PUMPS: 
The lenght ( I ) of the thread must be: 

I > 1,5 x d in steel and cast iron 
I > 2.5 x d in aluminium 

screw fastening 
torque (Nm) 

screw fastening torque (Nm) 

M 3 0,8...1,1 max 1,4 M 10 31 ..A2 max 52 
M 4 2,0...2,6 max 3,3 M 12 55.. .73 max 91 

M 5 3,9...5,2 max 6,5 M 16 130...175 max 220 
M 6 6,6...8,8 max 11 M 20 260...350 max 430 
M 8 16...21 max 26 M 24 450.600 max 750 
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QUANTITIES OF GREASE AND OIL 

GREASE OIL 
FRAME Upper Lower bearing Installation Filling 

SIZE PUMP TYPE bearing 
cm' 

cm' versions litres 

SV 014..054A 
01 SV 042-H 20 30 all 0,80 

S1 014..054A 

26 ST AND SP PUMPS 5 GFL all 0,25 
Nominal power 1 KW 

30 ST PUMPS GFL GFL all 0,40 
Nominal power 2 KW 

34 SV 014B..SV 024C GFL GFL all 0,35 

38 SV 032B..SP 032B GFL GFL all 0,30 

42 SV 034B..SV 044C GFL GFL all 0,90 
Si 026 ..S1 044C 

46 SV 064B..SV 074B GFL GFL all 0,65 
Si 064A..S1 074A 

S1 054 ..S1 124A 1, 4 2,6 
50 SV 072B..SV 122B 58 105 

SV 124A 
SS 038 ..SS 066 2, 3, 5, 6 1,9 

1, 4 3.5 
54 Si 134 ..S2 174 160 240 

2, 3, 5, 6 2,5 
1, 4 4,6 

58 Si 224 ..52 264 150 330 
SA 116 ..SA 264 

2, 3, 5, 6 3,8 
1, 4 9,0 

62 Si 304 ..S2 404A 200 495 
2, 3, 5, 6 7,1 

1, 4 11,5 
66 52 278 ..S2 576 300 530 

2, 3, 5, 6 9,2 
1, 4 12,4 

70 S2 754 ..S2 1004 290 675 
S2 1304..S21604 

2, 3, 5, 6 9,0 

GFL = Greased for life 

Recommended Motor Oil SAE 10W30 

Recommended Grease EXXON UNIREX N2 or corresponding 1998 
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MOTOR WINDINGS Section 3 Page 1 of 5 

Stator package I Power (kW) 1 Voltage I Conn. I rpm 'Slot' Pole I n I Wires Rp I Coil 

1607P1A11 1.15 380/ Y / 2800 24 2 67 1* 0.50 + 1* 0.53 4.98 482 
1607P1Al2 1.15 220/ Y / 2800 24 2 39 1* 0.67 + 1* 0.71 1.61 482 
1607P1A13 1.15 415/ Y / 2800 24 2 73 1* 0.47 + 1* 0.50 6.07 482 
1607P1A14 1.15 500/ Y / 2800 24 2 88 1* 0.45 + 1* 0.48 8.85 482 
1607P1B12 .75 220/ AP/ 2850 24 2 77 2* 0.47 10.3 440 

1811P212 1.5 380/220 YID 1435 36 4 38 1* 0.71 4.5 440 
1811P213 1.5 415/ Y / 1435 36 4 42 1* 0.67 5.5 440 
1811P214 1.5 500/ Y / 1435 36 4 50 1* 0.60 8.2 440 

2011P1Al2 3.7 380/220 YID 2865 24 2 33 1* 0.80 + 1* 0.85 1.33 610 

2011P1C12 4.2 380/220 YID 2865 24 2 31 2* 0.85 1.18 610 
2011P1C13 4.2 /415 2Y/2D 2865 24 2 117 1* 0.63 4.05 610 
2011P1C14 4.2 /500 YID 2865 24 2 70 1* 0.80 6 610 

2011P1E11 4.6 660/380 Y ID 2790 24 2 38 2* 0.67 3.45 610 
2011P1E12 4.6 380/220 YID 2790 24 2 22 3* 0.71 1.19 610 
2011P1E13 4.6 /415 YID 2790 24 2 42 1* 0.50 + 2* 0.53 4.23 610 
2011P1E14 4.6 /500 Y /D 2790 24 2 50 1* 0.56 + 1* 0.60 6.06 610 

2011P2Al2 3 380/ 22 2Y/2D 1410 36 4 65 1* 0.75 1.85 475 
2011P2A13 3 /415 2Y/D2 1410 36 4 123 1* 0.53 7 475 
2011P2A14 3 /500 Y /D 1410 36 4 73 1* 0.71 9.3 475 

2011P2E11 3.7 660/380 Y /D 1405 36 4 50 1* 0.56 + 1* 0.60 4.9 475 
2011P2E12 3.7 380/220 Y /D 1405 36 4 29 2* 0.63 + 1* 0.67 1.55 475 
2011P2E13 3.7 /415 Y /D 1405 36 4 55 2* 0.56 5.85 475 
2011P2E14 3.7 /500 Y /D 1405 36 4 66 1* 0.50 + 1* 0.53 8.25 475 

2011P3V12 1.5 380/220 YID 930 36 6 49 2* 0.60 3.8 420 

2015P2A11 5 660/380 YID 1390 36 4 40 1* 0.63 + 1' 0.67 3.6 560 
2015P2Al2 5 380/220 Y ID 1390 36 4 23 3* 0.60 + 1" 0.63 1.2 560 
2015P2A13 5 /415 YID 1390 36 4 43 2* 0.63 4 560 
2015P2A14 5 /500 Y ID 1390 36 4 53 2* 0.56 6.3 560 

2613P111 11 660/380 YID 2890 36 2 23 2* 1.00 + 1* 1.06 0.72 760 
2613P112 11 380/220 2Y/2D 2890 36 2 27 1* 0.90 + 2* 0.95 0.25 760 
2613P113 11 /415 YID 2890 36 2 25 2* 0.95 + 1* 1.00 0.87 760 
2613P114 11 /500 Y /D 2890 36 2 30 1* 0.85 + 2* 0.90 1.26 760 

2613P1C11 11 660/380 Y /D 2890 36 2 23 2* 1.00 + 1* 1.06 0.72 760 
2613P1C12 11 380/220 2Y/2D 2890 36 2 27 1* 0.90 + 2* 0.95 0.25 760 
2613P1C13 11 /415 YID 2890 36 2 25 2* 0.95 + 1" 1.00 0.87 760 
2613P1C14 11 /500 YID 2890 36 2 30 1* 0.85 + 2* 0.90 1.26 760 
2613P1C15 13 660/380 YID 3495 36 2 19 2* 0.95 + 2* 1.00 0.49 760 
2613P1C17 13 380/220 2Y/20 3495 36 2 22 1* 1.00 + 2* 1.06 0.17 760 
2613P1U36 13 460/230 D /2D 3495 36 2 23 2* 1.00 + 1* 1.06 0.36 760 

2614P211 7.5 660/380 YID 1440 36 4 33 1" 0.75 + 2* 0.80 1.44 630 
2614P212 7.5 380/220 YID 1440 36 4 19 4* 0.90 0.47 630 
2614P213 7.5 /415 YID 1440 36 4 36 3* 0.75 1.7 630 
2614P214 7.5 /500 Y /D 1440 36 4 43 2* 0.85 2.4 630 
2614P215 9 660/380 YID 1745 36 4 27 4* 0.75 0.96 630 
2614P217 9 380/220 2Y/2D 1745 36 4 31 1* 0.67 + 3* 0.71 0.32 630 
2614P2U36 9 460/230 D /2D 1745 36 4 33 1* 0.75 + 2* 0.80 1.44 630 

2619P211 12.5 660/380 Y ID 1442 36 4 23 1* 0.90 + 2* 0.95 0.82 720 
2619P212 12.5 380/220 2Y/2D 1442 36 4 26 1* 0.85 + 2* 0.90 0.26 720 
2619P213 12.5 /415 YID 1442 36 4 25 3* 0.90 0.96 720 
2619P214 12.5 /500 YID 1442 36 4 30 2* 0.80 + 1* 0.85 1.4 720 
SE3-M3B 1999 
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Wires I Rp I Coil I 

411 

MOTOR WINDINGS Section 3 Page 2 of 5 

IStator package I Power (kW) I Voltage I Conn. I rpm I Slot! Pole I n 

2619P2C11 12.5 660/380 YID 1442 36 4 23 1* 0.90 + 2* 0.95 0.82 720 
2619P2C12 12.5 380/220 2Y12D 1442 36 4 26 1" 0.85 + 2* 0.90 0.26 720 
2619P2C13 12.5 /415 YID 1442 36 4 25 3* 0.90 0.96 720 
2619P2C14 12.5 /500 Y ID 1442 36 4 30 2* 0.80 + 1* 0.85 1.38 720 

3210P211 7.5 660/380 YID 1445 36 4 37 3* 0.80 1.56 0 
3210P212 7.5 380/220 YID 1445 36 4 22 4* 0.90 0.54 0 
3210P213 7.5 /415 Y /D 1445 36 4 40 2* 0.95 1.77 0 

3210P214 7.5 /500 YID 1445 36 4 49 2* 0.85 2.73 0 

3215P211 14 660/380 YID 1445 36 4 24 1* 0.95 + 2* 1.00 0.78 700 
3215P212 14 380/220 YID 1445 36 4 14 5* 1.00 0.26 700 
3215P213 14 /415 YID 1445 36 4 26 3* 0.95 0.9 700 
3215P214 14 /500 Y /D 1445 36 4 32 2* 1.06 1.35 700 

3215P2C11 14 660/380 YID 1445 36 4 24 1* 0.95 + 2* 1.00 0.78 700 
3215P2C12 14 380/220 YID 1445 36 4 14 5* 1.00 0.26 700 
3215P2C13 14 /415 YID 1445 36 4 26 3* 0.95 0.9 700 
3215P2C14 14 /500 YID 1445 36 4 32 2* 1.06 1.35 700 
3215P2C15 16 660/380 YID 1750 36 4 20 2* 0.90 + 2' 0.95 0.54 700 
3215P2C17 16 380/220 2Y12D 1750 36 4 23 2* 0.85 + 2* 0.90 0.06 700 
3215P2U36 16 460/230 D /2D 1750 36 4 24 1* 0.95 + 2* 1.00 0.39 700 

3219P211 18 660/380 Y 10 1450 36 4 19 2* 0.95 + 2* 1.00 0.53 780 
3219P212 18 380/220 YID 1450 36 4 1 1 1* 1.00 + 5* 1.06 0.18 780 
3219P213 18 /415 YID 1450 36 4 22 2* 0.90 + 2* 0.95 0.64 780 
3219P214 18 /500 Y /D 1450 36 4 25 1* 0.95 + 2* 1.00 0.9 780 

3219P2C11 18 660/380 YID 1445 36 4 19 4" 1.00 0.49 780 
3219P2C12 18 380/220 2Y12D 1445 36 4 22 3* 1.06 0.17 780 
3219P2C13 18 /415 YID 1445 36 4 21 1* 1.06 + 2* 1.12 0.59 780 
3219P2C14 18 /500 YID 1445 36 4 25 3* 1.00 0.86 780 
3219P2C15 22 660/380 Y /D 1745 36 4 16 2* 1.06 + 2* 1.12 0.35 780 
3219P2C17 22 380/220 2Y/2D 1745 36 4 18 3* 1.00 + 1* 1.06 0.11 780 
3219P2U36 22 460/230 0 /20 1745 36 4 19 4* 1.00 0.49 780 

3220P111 18.5 660/380 2Y/2D 2930 36 2 29 1* 1.00 + 2* 1.06 0.28 790 
3622P211 26 660/380 YID 1460 36 4 15 6* 1.06 0.27 910 
3622P212 26 380/220 2Y/2D 1460 36 4 17 2* 1.06 + 3* 1.12 0.08 910 
3622P213 26 /415 2Y/2D 1460 36 4 33 2" 1.00 + 1* 1.06 0.32 910 
3622P214 26 /500 Y /D 1460 36 4 20 4* 1.12 0.48 910 

3622 P2C11 22 660/380 Y /D 1450 36 4 17 2* 1.00 + 4* 1.06 0.31 910 
3622P2C12 22 380/220 2Y/2D 1450 36 4 20 1* 1.00 + 4* 1.06 0.11 910 
3622P2C13 22 /415 2Y/2D 1450 36 4 37 1* 0.95 + 2* 1.00 0.38 910 
3622P2C14 22 /500 YID 1450 36 4 23 2* 1.06 + 2* 1.12 0.57 910 

3622P2D11 26 660/380 Y /D 1455 36 4 15 2* 1.06 + 4* 1.12 0.24 910 
3622P2D12 26 380/220 2Y/2D 1455 36 4 17 2' 1.00 + 4* 1.06 0.08 910 
3622P2D13 26 /415 2Y/2D 1455 36 4 33 3* 1.06 0.29 910 
3622P2D14 26 /500 Y /D 1455 36 4 20 1' 1.00 + 4* 1.06 0.43 910 
3622P2D19 30 380/220 2Y/2D 1760 36 4 14 7' 1.06 0.05 910 

4020P211 32 660/380 YID 1470 48 4 12 7* 1.06 0.26 940 
4020P212 32 380/220 2Y/2D 1470 48 4 14 6* 1.06 0.09 940 
4020P213 32 /415 2Y/2D 1470 48 4 26 1* 1.06 + 2* 1.12 0.3 940 
4020P214 32 /500 YID 1470 48 4 16 3* 1.06 + 2* 1.12 0.45 940 

4020P2C11 32 660/380 2Y12D 1470 48 4 24 1* 1.10 + 3* 1.06 0.23 940 
4020P2C12 32 380/220 2Y/2D 1470 48 4 14 6* 1.12 0.08 940 
4020P2C13 32 /415 2Y/2D 1470 48 4 26 4* 1.00 0.27 940 
4020P2C14 32 /500 YID 1470 48 4 16 1* 1.00 + 5* 1.06 0.41 940 
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MOTOR WINDINGS Section 3 Page 3 of 5 

Stator package I Power (kW) I Voltage I Conn. I rpm I Slot' Pole I n I Wires 1 Rp I Coil 

4020P2D11 41 690/400 2Y12D 1500 48 4 22 2* 1.12 + 2" 1.18 0.1671 900 
4020P2D17 52 220/380 YID 1770 48 4 5 11* 1.12 + 7* 1.18 0.341 900 

4024P211 41 660/380 2Y12D 1470 48 4 20 1* 1.06 + 3* 1.12 0.1105 1030 
4024P212 41 380/220 2Y12D 1470 48 4 12 4* 1.06 + 3* 1.12 0.07 1030 
4024P213 41 /415 2Y/2D 1470 48 4 22 4* 1.06 0.22 1030 
4024P214 41 /500 YID 1470 48 4 13 6* 1.12 0.32 1030 

4024P2C11 41 660/380 2Y/2D 1470 48 4 20 3* 1.00 + 2* 1.06 0.18 1030 
4024P2C12 41 380/220 2Y/2D 1470 48 4 12 1* 1.00 + 7* 1.06 0.06 1030 
4024P2C13 41 /415 2Y/2D 1470 48 4 22 2* 1.06 + 2* 1.12 0.21 1030 
4024P2C14 41 /500 Y /D 1470 48 4 13 8* 1.00 0.3 1030 
4024P2C15 48 660/380 2Y/2D 1800 48 4 17 1* 1.00 + 3* 1.18 2.24 1030 

4025P6D11 11 400/690 YID 488 72 12 17 3* 1.00 + 1* 1.06 0.84 0 

4519P411 27 660/380 Y /D 728 48 8 16 2* 1.12 + 3* 1.18 0.35 790 
4519P412 27 380/220 4Y/4D 728 48 8 37 1* 1.18 + 1* 1.25 0.115 790 
4519P413 27 /415 2Y/2D 728 48 8 35 2* 1.25 0.4 790 

4521P211 45 660/380 2Y/2D 1472 48 4 20 2* 1.32 + 2* 1.40 0.13 980 
4521P212 45 380/220 2Y/2D 1472 48 4 12 7* 1.32 0.047 980 
4521P213 45 /415 2Y/2D 1472 48 4 22 2* 1.25 + 2* 1.32 0.16 980 
4521P214 45 /500 Y /D 1472 48 4 13 3* 1.32 + 3* 1.40 0.22 980 

4521P311 37 660/380 Y /D 978 54 6 11 3* 1.18 + 3* 1.25 0.22 880 
4521P312 37 380/220 3Y/3D 978 54 6 19 2* 1.12 + 2* 1.18 0.069 880 
4521P313 37 /415 YID 978 54 6 12 3* 1.25 + 2* 1.32 0.26 880 

4521P4D15 41 660/380 2Y/2D 877 72 8 18 4* 1.12 0.2043 850 

4525P211 55 660/380 2Y/2D 1472 48 4 17 5* 1.32 0.097 1130 
4525P212 55 380/220 2Y/2D 1472 48 4 10 3* 1.32 + 5* 1.40 0.033 1130 
4525P213 55 /415 2Y/2D 1472 48 4 19 5* 1.25 0.12 1130 
4525P214 55 /500 YID 1472 48 4 11 7* 1.40 0.16 1130 

4525P2C11 55 660/380 2Y/2D 1475 60 4 14 8* 1.12 0.09 1130 
4525P2C12 55 380/220 2Y/2D 1475 60 4 8 2* 1.25 + 8* 1.35 0.03 1130 
4525P2C13 55 /415 2Y/2D 1475 60 4 15 6* 1.06 + 2* 1.12 0.1 1130 
4525P2C14 55 /500 2Y/2D 1475 60 4 19 1* 1.06 + 5* 1.12 0.16 1130 

4525P311 45 660/380 Y /D 980 54 6 9 3* 1.32 + 3* 1.40 0.16 1130 
4525P312 45 380/220 3Y/3D 980 54 6 16 4* 1.25 0.06 1130 
4525P313 45 /415 Y /D 980 54 6 10 3* 1.25 + 3* 1.32 0.2 1130 
4525P314 45 /500 YID 980 54 6 12 6* 1.12 0.28 1130 

4525P3C11 45 660/380 Y /D 984 72 6 7 6* 1.32 + 1* 1.40 0.15 1130 
4525P3C12 45 380/220 Y//D 984 72 6 4 8* 1.32 + 4* 1.40 0.05 1130 
4525P3C13 45 /415 3Y/3D 984 72 6 23 1* 1.32 + 1* 1.40 0.18 1130 
4525P3C14 45 /500 3Y/3D 984 72 6 28 1* 1.18 + 1* 1.25 0.27 1130 

4526P2D11 68 400/690 2Y/2D 1479 48 4 16 1* 1.25 + 5* 1.32 0.075 1080 
4526P2D15 73 380/690 2Y/2D 1479 48 4 16 1* 1.25 + 5* 1.32 0.075 1080 

4528P4D11 50 400/690 2Y/2D 728 72 8 17 3* 1.00 + 2* 1.06 0.0709 980 

4528P5D11 38 400/690 YID 584 60 10 11 7* 1.12 0.27 980 

5026P211 75 660/380 2Y/2D 1472 60 4 12 1* 1.32 + 5* 1.40 1.07 1220 
5026P212 75 380/220 2Y/2D 1472 60 4 7 10* 1.40 0.02 1220 
5026P213 75 /415 2Y/2D 1472 60 4 13 5* 1.32 + 1* 1.40 0.08 1220 
5026P214 75 /500 2Y/2D 1472 60 4 16 5* 1.32 0.13 1220 
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5026P2C11 75 660/380 2Y/2D 1473 60 4 12 8* 1.25 0.06 1220 

5026P2C12 75 380/220 2Y/2D 1473 60 4 7 6* 1.25 + 7* 1.32 0.02 1220 

5026P2C13 75 /415 2Y/2D 1473 60 4 13 6* 1.18 + 2* 1.25 0.07 1220 

5026P2C14 75 /500 2Y/2D 1473 60 4 16 6* 1.25 0.11 1120 

5026P2D11 85 400/690 4Y14D 1477 72 4 21 * 1.12 0.022 1160 

5028P311 55 660/380 3Y/3D 983 54 6 24 1" 1.18 + 2* 1.25 0.13 1110 

5028P312 55 380/220 3Y/3D 983 54 6 14 5* 1.25 0.04 1110 

5028P313 55 /415 3Y13D 983 54 6 26 3* 1.18 0.15 1110 

5028P3C11 55 660/380 3Y13D 985 72 6 19 3* 1.32 0.11 1040 

5028P3C12 55 380/220 3Y/3D 985 72 6 11 3* 1.32 + 2' 1.40 0.04 1040 

5028P3C13 55 /415 3Y/3D 985 72 6 21 3' 1.25 0.14 1040 

5028P3C14 55 /500 3Y13D 985 72 6 25 2* 1.40 0.2 1040 

5028P411 50 660/380 YI /D 733 72 8 7 6* 1.25 + 3* 1.32 0.13 1040 

5028P412 50 380/220 2Y/2D 733 72 8 8 4* 1.32 + 3* 1.40 0.04 1040 

5028P413 50 /415 2Y/2D 733 72 8 15 1* 1.25 + 3* 1.32 0.15 1040 

5028P414 50 /500 Y /D 733 72 8 9 2* 1.32 + 4* 1.40 0.21 1040 

5030P211 100 660/380 2Y/2D 1476 60 4 9 3' 1.32 + 5* 1.40 0.04 1310 

5030P213 100 /415 2Y12D 1475 60 4 10 7' 1.40 0.05 1310 

5030P214 100 /500 2Y/2D 1475 60 4 12 2* 1.32 + 4* 1.40 0.08 1310 

5030P2C11 100 660/380 2Y/2D 1470 60 4 10 4* 1.32 + 4* 1.40 0.05 1230 

5030P2C12 100 380/220 2Y/2D 1470 60 4 6 13* 1.40 0.02 1230 

5030P2C13 100 /415 2Y12D 1470 60 4 11 7* 1.40 0.06 1230 

5030P2C14 100 /500 - 2Y12D 1470 60 4 13 1* 1.32 + 5* 1.40 0.08 1230 

5030P2D11 115 400/690 4Y/4D 1478 72 4 17 3* 1.12 + 3* 1.18 0.0444 1240 

5034P3C11 83 660/380 3Y/3D 985 72 6 14 3* 1.32 + 1* 1.40 0.07 1160 

5034P3C13 83 /415 3Y13D 985 72 6 15 1* 1.25 + 3* 1.32 0.08 1160 

5034P3C14 83 /500 3Y/3D 985 72 6 18 1* 1.32 + 21 1.40 0.11 1160 

5034P3D11 100 400/690 3Y/3D 984 72 6 14 1* 1.18 + 4* 1.25 0.0612 1120 

5034P4D11 65 400/690 2Y12D 735 72 8 13 1 ' 1 . 1 2 + 5 ' 1 . 1 8 0.1188 1120 

5040P2C11 160 660/380 2Y12D 1470 60 4 . 7 11* 1.40 0.03 0 

5040P2C12 160 380/220 2Y/2D 1470 60 4 4 17* 1.50 0.01 0 

5040P2C13 160 /415 2Y/2D 1470 60 4 8 5' 1.32 + 5' 1.40 0.04 0 

5040P2C14 160 /500 2Y/2D 1470 60 4 10 3* 1.32 + 5' 1.40 0.06 0 

5040P2D11 155 400/690 4Y/4D 1478 72 4 17 3* 1.12 + 3* 1.18 .0444 1240 

5045P3D11 130 400/690 3Y/3D 987 72 6 10 1* 1.18 + 6* 1.25 0.04 0 

LS132M1P111 12 660/380 Y /D 3000 36 2 25 1* 0.85 + 2" 0.90 1.04 780 

LS132M1P112 12 380/220 2Y/2D 3000 36 2 31 2* 0.95 0.45 0 

LS132M1P114 12 /500 Y /D 3000 36 2 33 2* 0.75 + 1" 0.85 1.9 780 

LS132M1P115 12.5 660/380 Y /D 3600 36 2 22 3* 0.95 0.91 780 

LS132M1P117 12.5 380/220 Y /D 3600 36 2 15 1* 1.06 + 2* 1.00 0.45 0 

LS132M1P136 12 460/230 Y /2Y 3000 0 2 15 6* 0.00 0 0 

LS132M1P158 12 990/575 Y /D 3600 0 2 30 2* 1.00 2 0 

LS132M2P211 13.5 660/380 Y /D 1500 36 4 25 3* 0.80 1.2 700 

LS132M2P212 12.5 380/220 Y /D 1500 36 4 15 1 ' 1 . 0 6 + 2 ' 1 . 0 0 0.45 700 

LS132M2P215 13.5 380/660 D / 1800 36 4 22 3* 0.85 0.9 700 

LS132M2P217 13.5 220/380 Y /SR 1800 36 4 15 3* 1.06 + 1 0.45 700 

LS132M2P236 13.5 460/230 Y /2Y 1800 36 4 15 4* 0.90 0.41 700 
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LS132S1P211 7.5 660/380 YID 1500 36 4 36 1* 0.80 + 1* 0.85 2 580 
LS132S1P212 7.5 220/380 Y ID 1500 36 4 21 3* 0.90 0.75 580 
LS132S1P214 7.5 /500 YID 1500 36 4 47 1* 0.71 + 1* 0.75 0 580 

LS160LP111 21 690/400 ID 3000 36 2 30 3* 0.90 0.46 0 
LS160LP112 21 400/230 / 3000 0 2 0 * 0.00 0 0 

LS160LP114 21 865/500 / 3000 0 2 0 * 0.00 0 0 

LS160LP211 17 690/400 YID 1500 0 4 33 2* 1.00 0.57 0 

LS160LP214 17 /500 YID 1500 48 4 41 2* 0.90 0.83 750 
LS160LP236 20 230/460 Y ID 1800 0 4 9 7* 0.95 + 1* 0.90 0.37 0 

LS160MP211 13.5 660/380 YID 1500 48 4 20 2* 0.90 + 1 0.75 700 
LS160MP214 13.5 /500 YID 1500 48 4 26 1* 0.90 + 2* 0.95 1.24 700 
LS160MP217 15.5 400/230 YID 1800 48 4 10 1* 0.95 + 6* 1.00 0.19 700 

LS180LP211 26 690/400 2Y12D 1500 48 4 29 2* 0.95 + 1* 1.10 0.4 890 
LS180LP212 26 400/230 2Y/2D 1500 48 4 17 1* 1.00 + 1 0.15 890 

LS180LP2B17 31 400/230 2Y/2D 1800 48 4 14 4* 1.00 + 2* 0.95 0.09 890 

LS80L2P112 .8 220/ AP/ 3000 0 2 80 1* 0.00 6.4 0 

LS80L2P121 .8 230/ / 3000 40 2 40 2* 0.63 + 1* 0.63 3.6 300 

MU2216P111 3.2 660/380 YID 2810 24 2 70 1* 0.80 5.5 0 

MU2216P112 3.2 380/220 YID 2810 24 2 40 2* 0.75 1.8 0 
MU2216P113 3.2 /415 YID 2810 24 2 76 1* 0.53 + 1* 0.56 6.48 0 
MU2216P114 3.2 /500 YID 2810 24 2 91 1* 0.71 9.15 0 
MU2216P119 3.2 415/240 Y /D 2810 24 2 44 2* 0.71 2.2 0 

MU2218P210 2.15 500/288 YID 1360 36 4 50 2* 0.60 4.4 450 
MU2218P211 2.15 660/380 YID 1360 36 4 66 1* 0.50 + 1* 0.53 7.9 450 
MU2218P212 3 380/220 YID 1700 36 4 31 1* 0.60 + 2* 0.63 1.7 450 
MU2218P213 2.15 719/415 YID 1360 36 4 72 1' 0.71 9 450 
MU2218P214 2.15 /500 /D 1360 36 4 87 1" 0.63 13.9 450 
MU2218P25A 3 575/332 Y /D 1700 36 4 48 1' 0.63 + 1* 0.60 3.9 450 

MU2420P211 4.2 660/380 Y /D 1400 36 4 50 2* 0.63 4.4 500 
MU2420P212 4.2 380/220 YID 1400 36 4 29 3" 0.67 1.5 500 
MU2420P213 4.2 /415 YID 1380 36 4 55 2* 0.60 5.3 500 
MU2420P214 4.2 /500 YID 1380 36 4 66 1* 0.75 8.2 500 
MU2420P215 4.6 660/380 Y /D 1710 36 4 42 1* 0.67 + 1* 0.71 3.1 500 
MU2420P217 4.6 380/220 Y /D 1710 36 4 24 3* 0.75 0.99 500 
MU2420P236 4.6 460/230 Y /2Y 1710 36 4 29 3* 0.67 0.75 500 

MU2421P111 4.5 660/380 Y /D 2840 24 2 50 1* 0.56 + 2* 0.60 2.7 540 
MU2421P112 4.5 380/220 2Y/2D 2840 24 2 58 1* 0.53 + 2* 0.56 0.88 540 
MU2421P113 4.5 /415 YID 2840 24 2 55 1* 0.67 + 1* 0.71 3.2 540 
MU2421P114 4.5 /500 Y ID 2840 24 2 66 2* 0.63 5.3 540 
MU2421P117 4.6 380/220 2Y/2D 3410 24 2 48 3* 0.60 .61 540 
MU2421P119 4.5 415/240 YID 2840 24 2 32 1* 0.71 + 2* 0.75 1.1 540 

MU3217P211 7 660/380 YID 1423 36 4 41 1* 0.80 + 1* 0.85 2.4 540 
MU3217P212 7 380/220 2Y/2D 1423 36 4 47 2* 0.75 0.82 540 
MU3217P213 7 /415 YID 1423 36 4 45 1* 0.75 + 1' 0.80 3.0 540 
MU3217P214 7 /500 YID 1423 36 4 54 2* 0.71 4.35 540 
MU3217P217 8 380/220 2Y/2D 1728 36 4 40 2* 0.67 + 1* 0.71 0.56 540 
MU3217P236 8.4 460/230 YID 1720 36 4 24 1* 0.80 + 3* 0.75 0.81 540 
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Connector sets and resistance Section 4 

HZI 

.50 

MOTOR 
I 

VAR VOLTAGE 
D/Y (V) 

CABLE CONNSECTOR 
ET 

I STATOR 
I PACKAGE I 

I RESIST ANCBLE E I 

WITHOUT CA 
HU191047 
HU191047 11 380/660 2* 4-'25 mm2+ 1* 3'2.5 mm2 MT194056 4525P2C11 0.09 
HU191047 12 220/380 2'4'50 mnf + 1* 3"2.5 mm2 MT194079 4525P2C12 0.03 
HU191047 13 4151(719) r 4'16 mm2 + 1' 3'2.5 mm2 MT194058 4525P2C13 0.1 
HU191047 14 5001(865) 2'4'16 mm2 + 1' 3.2.5 mm2 MT194058 4525P2C14 0.16 
HUI 91058 
HU191058 11 380/660 r 4*25 mm2 + 1* 32.5 mm2 Mu 94056 4525P2C11 0.09 
HU191058 12 220/380 r 4*50 mm2 + 1* 3'2.5 mm2 MT194079 4525P2C12 0.03 
HU191058 13 4151(719) 2* 4.16 mm2 + 1* 3*2.5 mm2 MT194058 4525P2C13 0.1 
HU191058 14 5001(865) 2* 4'16 mm2 + 1* 3.2.5 mm2 MT194058 4525P2C14 0.16 
HU191084 
HU191084 11 380/660 2' 4.35 mm2 + 1' 3-'2.5 mm2 MT194065 5026P2C11 0.06 
HU191084 12 220/380 2* 4.70 mm2 + 1' 3'2.5 mm2 MT194064 5026P2C12 0.02 
HU191084 13 415/(719) 2* 4`25 mm2 + 1 3*2.5 mm2 MT194061 5026P2C13 0.07 
HU191084 14 5001(865) 2' 4'25 mm2 + 1* 3*2.5 mm2 MT194061 5026P2C14 0.11 
HU191085 
HU191085 11 380/660 2' 4'35 mm2 + 1* 3*2.5 mm2 MT194065 5026P2C11 0.06 
HU191085 12 220/380 2* 4*70 mm2 + 1' 3'2.5 mm2 MT194064 5026P2C12 0.02 
HU191085 13 415/(719) 2* 4'25 mm2 + 1* 3*2.5 mm2 MT194061 5026P2C13 0.07 
HU191085 14 500/(865) r 425 mm2 + 1* 3*2.5 mm2 MT194061 5026P2C14 0.11 
HU191154 
HU191154 11 380/660 1* 7*6 mm2 + 2'2.5 mm2 MT194054 3619P211 0.53 
HU191154 12 220/380 2* 5*16 mm2 MT194053 3619P212 0.18 
HU191154 13 4151(719) 1' 7`6 mm2+ 2*2.5 mm2 MT194054 3619P213 0.64 
HU191154 14 500/(865) 1* 7*6 mm2+ 2'2.5 mm2 MT194054 3619P214 0.90 
HU191155 
HU191155 11 380/660 1' 7'6 mm2 + 2.2.5 mm2 MT194054 3622P2C11 0.31 
HU191155 12 220/380 2* 516 mm2 MT194053 3622P2C12 0.11 
HU191155 13 415/(719) 1* 7.6 mm2+ 2*2.5 mm2 MT194054 3622P2C13 0.38 
HU191155 14 500/(865) 1" 7'6 mm2 + 2'2.5 mm2 MT194054 3622P2C14 0.57 
HU191156 
HU191156 11 380/660 1* 7*6 mm2+ 2*2.5 mm2 MT194054 3619P211 0.53 
HU191156 12 220/380 2* 5'16 mm2 MT194053 3619P212 0.18 
HU191156 13 415/(719) 1* 7*6 mm2 + 2.2.5 mm2 MT194054 3619P213 0.64 
HU191156 14 500/(865) 1* 7*6 mm2 + 2*2.5 mm2 MT194054 3619P214 0.9D 
HU191157 
HU191157 11 380/660 1' 7*6 mm2 + 2'2.5 mm2 MT194054 3622P2C11 0.31 
HU191157 12 220/380 2* 5'16 mm2 MT194053 3622P2C12 0.11 
HU191157 13 415/(719) 1* 7*6 mm2 + 2'2.5 mm2 MT194054 3622P2C13 0.38 
HU191157 14 500/(865) 1* 7'6 mm2 + 2*2.5 mm2 MT194054 3622P2C14 0.57 
HU191178 
HU191178 11 380/660 2* 5*10 mm2 MT194055 4519P4C11 0.35 
HU191178 12 220/380 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194056 4519P4C12 0.12 
HU191178 13 4151(719) 2' 510 mm2 MT194055 4519P4C13 0.40 
HU191178 14 500/(865) r 6.10 mm2 MT194055 4519P4C14 
HU191179 
HU191179 11 380/660 2' 5'10 mm2 MT194055 4519P4C11 0.35 
HU191179 12 220/380 2* 425 mm2 + 1" 3.2.5 mm2 MT194056 4519P4C12 0.12 
HU191179 13 415/(719) 2* 5*10 mm2 MT194055 4519P4C13 0.40 
HU191179 14 500/(865) 2* 5'10 mm2 MT194055 4519P4C14 
HU191180 
HU191180 11 380/660 2* 4'16 mm2+ 1* 32.5 mm2 MT194058 4521P3C11 0.13 
HU191180 12 220/380 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194056 4521P3C12 0.05 
HU191180 13 415/(719) 2* 5`10 mm2 MT194055 4521P3C13 0.16 
HU191180 14 500/(865) 2* 5'10 mm2 MT194055 4521P3C14 0.22 
HU191181 
HU191181 11 380/660 2* 416 mm2+ 1* 3*2.5 mm2 MT194058 4521P3C11 0.13 
HU191181 12 220/380 2.'4'25 mm2 + 1* 3*2.5 mm2 MT194056 4521P3C12 0.05 
HU191181 13 415/(719) 2* 510 mm2 MT194055 4521P3C13 0.16 
HU191181 14 500/(865) 2' 5*10 mm2 MT194055 4521P3C14 0.22 
HU191182 
HU191182 11 380/660 2* 4*16 mm2 + 1* 3'2.5 mm2 MT194058 4525P3C11 0.15 
HU191182 12 220/380 2* 4*35 mm2 + 1'3'25 mm2 MT194059 4525P3C12 0.05 
HU191182 13 415/(719) 2* 4*16 mm2+ 1* 3*2.5 mm2 MT194058 4525P3C13 0.18 
HU191182 14 500/(865) 2* 496 mm2 + 1* 3*2.5 mm2 MT194058 4525P3C14 0.27 
HU191183 
HU191183 11 380/660 2* 4*16 mm2 + 1* 3*2.5 mm2 MT194058 4525P3C11 0.15 
HU191183 12 220/380 2' 4'35 mm2 + 1* 3*2.5 mm2 MT194059 4525P3C12 0.05 
HU191183 13 415/(719) 2* 416 mm2 +1* 3*2.5 mm2 MT194058 4525P3C13 0.18 
HU191183 14 500/(865) 2* 4*16 mm2 + 1' 3'2.5 mm2 MT194058 4525P3C14 0.27 
HU191184 
HU191184 11 380/660 2* 4*25 mm2 + 1' 3'2.5 mm2 MT194061 5028P3C11 0.11 
HU191184 12 220/380 2* 4*50 mm2 + 1' 3*2.5 mm2 MT194062 5028P3C12 0.04 
HU191184 13 415/(719) 2* 4`16 mm2 + 1* 3'2.5 mm2 MT194063 5028P3C13 0.14 
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HZ 
50 

MOTOR VAR I VOLT AGE 
DfY (V) 

I 

I 

CABLE 1 CONNECTOR I 

PACKAGE WITHOUT CABLE 
HU191184 14 500/(865) r 4.16 mm' + 1' 3'2.5 mm' MT194063 5028P3C14 0.2 
HU191185 
HU191185 11 380/660 r 4'25 mm' + 1' 3*2.5 mm2 MT194061 5028P3C11 0.11 
HU191185 12 220/380 2' 4"50 mm' + 1' 3'2.5 mm2 MT194062 5028P3C12 0.04 
HU191185 13 4151(719) 2' 4*16 mm' + 1" 3'2.5 mm2 MT194063 5028P3C13 0.14 
HU191185 14 500/(865) 2' 4'16 mm2 + 1' 3'2.5 mm' MT194063 5028P3C14 0.2 
HU191449 
HU191449 11 380/660 2* 5"10 mm2 MT194055 4020P211 0.26 
HU191449 12 220/380 2" 4'25 mm' + 1* 3'2.5 mm2 MT194056 4020P212 0.09 
HU191449 13 4151(719) 2* 5'10 mm2 MT194055 4020P213 0.3 
HU191449 14 5001(865) 1' 7"6 mm2 + 2'2.5 mm2 MT194057 4020P214 0.45 
HU191450 
HU191450 11 380/660 2' 4'16 mm2 + 1' 3'2.5 mm2 MT194058 4024P2C11 0.18 
HU191450 12 220/380 2' 4'35 mm' + 1' 3'2.5 mm' MT194059 4024P2C12 0.06 
HU191450 13 415/(719) 2' 4'16 mm2+ 1. 3'2.5 mm' MT194058 4024P2C13 0.21 
HU191450 14 5001(865) 2' 5"10 mm2 MT194055 4024P2C14 0.3 
HU191451 
HU191451 11 3801660 2* 5'10 mm' MT194055 4020P211 0.26 
HU191451 12 220/380 2* 4'25 mm2 + 1' 3"2.5 mm2 MT194056 4020P212 0.09 
HU191451 13 415/(719) 2* 5'10 mm2 MT194055 4020P213 0.3 
HU191451 14 500/(865) 1' 7'6 mm' + 2'2.5 mm2 MT194057 4020P214 0.45 
HU191452 
HU191452 11 380/660 2" 4'16 mm2 + 1' 3'2.5 mm2 MT194058 4024P2C11 0.18 
HU191452 12 220/380 2* 4'35 mm' + 1' 3.'2.5 mm' MT194059 4024P2C12 0.06 
HU191452 13 415/(719) 2* 4'16 mm2+ 1" 3'2.5 mm' MT194058 4024P2C13 0.21 
HU191452 14 500/(865) 2* 5"10 mm2 MT194055 4024P2C14 0.30 
HU191639 
HU191639 01 380 1* 41.5 mm2 MT194075 1607P1Al2 1.61 
HU191639 02 220 1* 4'1.5 mm2 MT194075 1607P1A18 
HU191639 03 415 1* 4*1.5 mm2 MT194076 1607P1A19 
HU191639 04 500 1' 4*1.5 mm2 MT194076 1607P1A10 
HU191707-M 
HU191 707-M 01 380 1" 4'1.5 mm' MT194043 MU2218P212 1.7 
HU191707-M 02 220 1* 4'1.5 mm2 MT194044 MU2218P212 1.7 
HU191707-M 03 415 1* 4-1.5 mm2 MT194044 MU2218P212 1.7 
HU191707-M 04 500 1* 4'1.5 mm2 MT194044 MU2218P214 13.9 
HU191707-M 06 660 1' 4*1.5 mm' MT194043 MU2218P211 7.9 
HU191865 
HU191865 11 380/660 2* 5-10 mm2 MT194081 3622P2D11 0.24 
HU191865 12 220/380 2' 5.16 mm2 MT194053 3622P2D12 0.08 
HU191865 13 4151(719) 2* 5*10 mm2 MT194081 3622P2D13 0.29 
HU191865 14 500/(865) 1* 7"6 mm2 + 2*2.5 mm2 MT194054 3622P2D14 0.43 
HU191866 
HU191866 11 380/660 2" 5'10 mm' MT194081 3622P2D11 0.24 
HU191866 12 220/380 2' 5'16 mm' MT194053 3622P2D12 0.08 
HU191866 13 415/(719) 2* 5*10 mm2 MT194081 3622P2D13 0.29 
HU191866 14 500/(865) 1" 7'6 mm' + 2*2.5 mm' MT194054 3622P2D14 0.43 
HU191908 . 

HU191908 11 380/660 1' 9'2.5 mm2 MT194052 2613P1C11 0.72 
HU191908 12 220/380 1' 7'6 mm2 + 2'2.5 mm' MT194051 2613P1C12 0.25 
HU191908 13 415/(719) 1* 9'2.5 mm2 MT194052 2613P1C13 0.87 
HU191908 14 5001(865) 1" 9'1.5 mm2 MT194074 2613P1C14 1.26 
HU192018 
HU192018 11 380/660 2* 4*50 mm2+ 1* 3*2.5 mm2 MT194062 5030P2C11 0.05 
HU192018 13 415/(719) 2* 4'50 mm' + 1' 3'2.5 mm' MT194062 5030P2C13 0.06 
HU192018 14 500/(865) 2* 4'35 mm2+1* 3'2.5 mm' MT194065 5030P2C14 0.08 
HU192019 
HU192019 11 380/660 2* 4'50 mm' + 1* 3'2.5 mm' MT194062 5030P2C11 0.05 
HU192019 13 4151(719) 2' 4'50 mm2 + 1' 3'2.5 mm' MT194062 5030P2C13 0.06 
HU192019 14 500/(865) 2* 4'35 mm2 + 1' 3'2.5 mm' MT194065 5030P2C14 0.08 
HU192129 
HU192129 01 380 1' 4"1.5 mm2 MT194075 1607P1Al2 1.61 
HU192129 02 220 1* 4'1.5 mm2 MT194075 1607P1A18 
HU192129 03 415 1' 4'1.5 mm2 MT194076 1607P1A19 
HU192129 04 500 1* 4*1.5 mm2 MT194076 1607P1A10 
HU192211 
HU192211 01 380 1' 4'1.5 mm2 MT194043 MU2216P112 1.8 
HU192211 02 220 1* 4'1.5 mm2 M1194344 MU2216P112 1.8 
HU192211 03 415 1* 4'1.5 mm2 MT194044 MU2216P113 6.48 
HU192211 04 500 1" 4'1.5 mm2 MT194044 MU2216P114 9.15 
HU192211 06 660 1" 4'1.5 mm2 MT194044 MU2216P111 
HU192212 
HU192212 01 380 1* 4'1.5 mm2 MT194043 MU2216P112 1.8 
HU192212 02 220 1" 4"1.5 mm2 MT194044 MU2216P112 1.8 
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Connector sets and resistance Section 4 

HZ 
50 

MOTOR VAR I VOLTAGE 
D/Y 

LT 
(V) 

I 

I 

CABLE I CONNECTOR 
SET 

I STATOR 
PACKAGE 

I RESISTANCE 
YV1THOLIT CABLE 

HU192212 03 415 
HU192212 04 500 
HU192212 06 660 
HU192241 
HU192241 11 380/660 
HU192241 13 4151(719) 
HU192241 14 5001(865) 
HU192242 
HU192242 11 380/660 
HU192242 13 4151(719) 
HU192242 14 500/(865) 
HU192370 
HU192370 01 380 
HU192370 02 220 
HU192370 03 415 
HU192370 04 500 
HU192370 06 660 
HU192371 
HU192371 01 380 
HU192371 02 220 
HU192371 03 415 
HU192371 04 500 
HU192371 06 660 
HU192372 
HU192372 11 380/660 
HU192372 12 220/380 
HU192372 13 415/(719) 
HU192372 14 5001(865) 
HU192455-M 
HU192455-M 01 380 
HU192455-M 02 220 
HU192455-M 03 415 
HU192455-M 04 500 
HU192455-M 06 660 
HU192545 
HU192545 11 380/660 
HU192545 13 415/(719) 
HU192545 14 500/(865) 
HU192546 
HU192546 11 380/660 
HU192546 13 415/(719) 
HU192546 14 500/(865) 
HU192729 
HU192729 11 380/660 
HU192729 12 220/380 
HU192729 13 415/(719) 
HU192729 14 500/(865) 
HU192730 
HU192730 11 380/660 
HU192730 12 220/380 
HU192730 13 4151(719) 
HU192730 14 500/(865) 
HU192731 
HU192731 11 380/660 
HU192731 12 220/380 
HU192731 13 4151(719) 
HU192731 14 500/(865) 
HU192732 
HU192732 11 380/660 
HU192732 12 220/380 
HU192732 13 415/(719) 
HU192732 14 5001(865) 
HU192733 
HU192733 11 400/690 
HU192733 12 230/400 
HU192733 13 415/(719) 
HU192733 14 500/(865) 
HU192733B 
HU192733B 11 400/690 
HU192733B 12 230/400 
HU192733B 13 415/(719) 
HU192733B 14 500/(865) 
HU192734 
HU192734 11 400/690 

1* 41.5 mm2 
1* 41.5 mm2 

1* 41.5 mm2 

MT194044 
MT194044 
MT194043 

2* 4'50 mm2 + 1' 3.2.5 mm2 MT194062 r 4'35 mm2 + 1* 3*2.5 mm2 MT194065 r 4'25 mm2 + 1* 3*2.5 mm2 MT194061 

r 4'50 mm2 +1" 3'2.5 mm2 MT194062 5034P3C11 0.07 r 4'35 mm2 + 1* 3'2.5 mm2 MT194065 5034P3C13 . 0.08 
2* 4*25 mm2 + 1* 3'2.5 mm2 MT194061 5034P3C14 0.11 

1- 7.1.5 mm2 MT194069 MU2216P112 
1* 7*1 .5 mm2 MT194070 MU2216P112 
1* 71.5 mm2 MT194069 MU2216P113 
1* 7'1.5 mm2 MT194069 MU2216P114 
1* 7'1.5 mm2 MT194069 MU2216P111 

1* 71.5 mm2 MT194069 MU2216P112 1.8 
1* 71.5 mm2 MT194070 MU2216P112 1.8 
1* 7'1.5 mm2 MT194069 MU2216P113 6.48 
1* 71.5 mm2 MT194069 MU2216P114 9.15 
1* 71.5 mm2 MT194069 MU2216P111 5.5 

1* 92.5 mm2 MT194052 2613P1C11 0.72 
1* 7*6 mm2 + 2*2.5 mm2 MT194051 2613P1C12 0.25 
1* 9'2.5 mm2 Mu 94052 2613P1C13 0.87 
1* 91.5 mm2 MT194074 2613P1C14 1.26 

1* 71.5 mm2 MT194069 MU2218P212 1.7 
1* 7'1.5 rnm2 MT194070 MU2218P212 1.7 
1* 7*1.5 mm2 MT194069 MU2218P212 1.7 
1* 7'1.5 mm2 MT194070 MU2218P214 13.9 
1* 7'1.5 mm2 MT194069 MU2218P211 7.9 

2* 4*70 mm2 + 1* 3'2.5 mm2 MT194066 5040P2C11 0.03 
2* 410 mm2 + 1'3'2.5 mm2 MT194066 5040P2C13 0.04 
2* 450 mm2 + 1* 3.2.5 mm2 MT194067 5040P2C14 0.06 

2* 410 mm2 + 1* 3'2.5 mm2 MT194066 5040P2C11 0.03 
2* 410 mm2 + 1" 3'2.5 mm2 MT194066 5040P2C13 0.04 
2.4'50 mm2 + 1.3'2.5 mm2 MT194067 5040P2C14 0.06 

1" 7'6 mm2 + 2" 2.5 mm2 MT194027 3618P2C11 
2* 516 mm2 MT194028 3618P2C12 
1* 7*6 mm2 + 2* 2.5 mm2 MT194027 3618P2C13 
1* 7*6 mm2 + r 2.5 mm2 MT194027 3618P2C14 

1* 7'6 mm2 + 2*2.5 mm2 MT194027 3618P2C11 
2* 5*16 mm2 MT194028 3618P2C12 
1* 7*6 mm2 + 2*2.5 mm2 MT194027 3618P2C13 
1* 7.6 mm2 + 2*2.5 mm2 MT194027 3618P2C14 

1* 7*6 mm2 + 2*2.5 mm2 MT194027 3622P2C11 0.31 
1* 5'16 mm2 MT194028 3622P2C12 0.11 
1* 7*6 mm2 + 2*2.5 mm2 MT194027 3622P2C13 0.38 
1* 7*6 mm2 +2'2.5 mm2 MT194027 3622P2C14 0.57 

1* 7"6 mm2 + 2"2.5 mm2 MT194027 3622P2C11 0.31 
2* 516 mm2 MT194028 3622P2C12 0.11 
1* 7*6 mm2 + 2*2.5 mm2 MT194027 3622P2C13 0.38 
1* 7"6 mm2 + 22.5 mm2 MT194027 3622P2C14 0.57 

2* 510 mm2 MT194029 LS180LP211 0.4 
2* 516 mm2 MT194028 LS180LP212 0.15 
2* 510 mm2 MT194029 LS180LP211 0.4 
1* 7"6 mm2+ 2*2.5 mm2 MT194027 LS180LP214 

2* 510 mm2 MT194029 LS180LP2B11 0.4 
2* 5"16 mm2 MT194028 LS180LP2B12 0.15 
2" 5'10 mm2 MT194029 LS180LP2B11 0.4 
1* 7.6 mm2 + 2*2.5 mm2 MT194027 LS180LP2B14 

2' 510 mm2 MT194029 LS180LP211 0.4 

MU2216P113 
MU2216P114 
MU2216P111 

5034P3C11 
5034P3C13 
5034P3C14 

6.48 
9.15 
5.5 

0.07 
0.08 
0.11 

1.8 
1.8 
6.48 
9.15 
5.5 
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Connector sets and resistance Section 4 

HZ 
50 

MOTOR VAR LT VOLTAGE 
ID/Y (V) 

CABLE I CONNECTOR I 

PACKAGE 
RESISTANCE 

WITHOUT CABLE 
HU192734 12 230/400 2* 5'16 mm2 MT194028 LS180LP212 0.15 
HU192734 13 4151(719) 2' 510 mm2 MT194029 LS180LP211 0.4 
HU192734 14 5001(865) V 76 mm2 + 2*2.5 mm2 MT194027 LS180LP214 
HU19273413 
HU192734B 11 400/690 2* 5*10 mm2 MT194029 LS 180LP2B11 0.4 
HU192734B 12 230/400 2* 5'16 mm2 MT194028 LS180LP2B12 0.15 
HU192734B 13 4151(719) 2* 590 mm2 MT194029 LS180LP2B11 0.4 
HU192734B 14 500/(865) 1* rs me + 2 *2.5 mm2 MT194027 LS180LP2B14 
HU192791 
HU192791 11 380/660 2* 510 mm2 MT194030 4020P2C11 0.23 
HU192791 12 220/380 T 4'25 mm2 + 1* 32.5 mm2 MT194031 4020P2C12 0.08 
HU192791 13 4151(719) T 510 mm2 MT194030 4020P2C13 0.27 
HU192791 14 500/(865) V 7-6 mm2 + 2*2.5 mm2 MT194032 4020P2C14 0.41 
HU192792 
HU192792 11 380/660 T 510 mm2 MT194030 4020P2C11 0.23 
HU192792 12 220/380 r 4*25 mm2 + 1* 3.2.5 mm2 MT194031 4020P2C12 0.08 
HU192792 13 4161(719) T 5'10 mm2 MT194030 4020P2C13 0.27 
HU192792 14 500/(865) 1* 7'6 mm2 + T2.5 mm2 MT194032 4020P2C14 0.41 
HU192793 
HU192793 11 400/690 r 416 mm2 + 1* 3'2.5 mm2 MT194033 4020P2D11 0.17 
HU192793 12 230/400 2* 4.35 mm2+ 1' 3'2.5 mm2 MT194034 4020P2D12 
HU192793 13 415/(719) 2* 4*16 mm2 + 1* 3*2.5 mm2 MT194033 4020P2D11 0.17 
HU192793 14 500/(865) r 5.10 mm2 MT194030 4020P2D14 
HU192793A 
HU192793A 11 400/690 2' 416 mm2 + 1* 3*2.5 mm2 MT194033 4020P2011 0.17 
HU192793A 12 230/400 T 4'35 mm2 + 1* 3`2.5 mm2 MT194034 4020P2D12 
HU192793A 13 415/(719) 2* 416 mm2 + 1* 3'2.5 mm2 MT194033 4020P2D11 0.17 
HU192793A 14 500/(865) 2* 5'10 mm2 MT194030 4020P2D14 
HU192794 
HU192794 11 400/690 2* 4*16 mm2+ 1* 3'2.5 mm2 MT194033 4020P2D11 0.17 
HU192794 12 230/400 r 4.'35 mm2 + 1* 3*2.5 mm2 MT194034 4020P2D12 
HU192794 13 415/(719) 2* 416 mm2 + 1' 3*2.5 mm2 MT194033 4020P2D11 0.17 
HU192794 14 500/(865) 2* 510 mm2 MT194030 4020P2D14 
HU192794A 
HU192794A 11 400/690 2* 416 mm2 + 1* 3`2.5 mm2 MT194033 4020P2D11 0.17 
HU192794A 12 230/400 2* 4'35 mm2 + 1' 3'2.5 mm2 MT194034 4020P2D12 
HU192794A 13 415/(719) T 416 mm2 + 1* 3*2.5 mm2 MT194033 4020P2D11 0.17 
HU192794A 14 500/(865) r 5*10 mm2 MT194030 4020P2D14 
HU192858 
HU192858 11 380/660 2* 4*25 + 1* 3*2.5 mm2 MT194035 5028P3C11 0.11 
HU192858 12 220/380 r 4'50 + 1* 3*2.5 mm2 MT194036 5028P3C12 0.04 
HU192858 13 415/(719) 2* 4'25 + 1* 3*2.5 mm2 MT194035 5028P3C13 0.14 
HU192858 14 500/(865) 2* 4*25 + 1* 3*2.5 mm2 MT194035 5028P3C14 0.2 
HU192859 
HU192859 11 380/660 2* 4'25 + 1' 32.5 mm2 MT194035 5028P3C11 0.11 
HU192859 12 220/380 T 4*50 + 1* 3*2.5 mm2 MT194036 5028P3C12 0.04 
HU192859 13 4151(719) 2* 4*25 + 1' 3*2.5 mm2 MT194035 5028P3C13 0.14 
HU192859 14 500/(865) 2* 4'25 + 1* 3'2.5 mm2 MT194035 5028P3C14 0.2 
HU192860 
HU192860 11 380/660 2* 4.35 mm2 + 1* 3'2.5 mm2 MT194038 5026P2C11 0.06 
HU192860 12 220/380 2* 4*70 mm2 + 1* 3'2.5 mm2 MT194037 5026P2C12 0.02 
HU192860 13 4151(719) 2* 4'25 mm2 + 1* 3*2.5 mm2 MT194035 5026P2C13 0.07 
HU192860 14 500/(865) 2* 4*25 mm2 + 1* 3'2.5 mm2 MT194035 5026P2C14 0.11 
HU192861 
HU192861 11 380/660 2* 4..35 mm2 + 1' 3*2.5 mm2 MT194038 5026P2C11 0.06 
HU192861 12 220/380 2 4*70 mm2 + 1* 3*2.5 mm2 MT194037 5026P2C12 0.02 
HU192861 13 4151(719) T 4'25 mm2 + 1* 3'2.5 mm2 MT194035 5026P2C13 0.07 
HU192861 14 500/(865) 2* 4'25 mm2 + 1' 3'2.5 mm2 MT194035 5026P2C14 0.11 
HU192862 
HU192862 11 380/660 2* 4*50 + 1* 3'2.5 mm2 MT194036 5034P3C11 0.07 
HU192862 13 415/(719) r 4.35 + 1* 3'2.5 mm2 MT194038 5034P3C13 0.08 
HU192862 14 500/(865) 2* 4*25 + 1' 3'2.5 mm2 MT194035 5034P3C14 0.11 
HU192863 
HU192863 11 380/660 T 4'50 mm2 + 1* 3*2.5 mm2 MT194036 5034P3C11 0.07 
HU192863 13 415/(719) 2* 4'35 mm2 + 1* 3*2.5 mm2 MT194038 5034P3C13 0.08 
HU192863 14 500/(865) 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194035 5034P3C14 0.11 
HU192864 
HU192864 11 380/660 2* 4*50 mm2 + 1* 3'2.5 me MT194036 5030P2C11 0.05 
HU192864 13 415/(719) 2* 4'50 mm2 + 1* 3*2.5 mm2 MT194036 5030P2C13 0.06 
HU192864 14 500/(865) 2* 4*35 mm2 + 1* 3'2.5 mm2 MT194038 5030P2C14 0.08 
HU192865 
HU192865 11 380/660 2* 4'50 mm2 + 1* 3*2.5 mm2 MT194036 5030P2C11 0.05 
HU192865 13 415/(719) 2* 4'50 mm2 + 1* 3'2.5 mm2 MT194036 5030P2C13 0.06 
HU192865 14 500/(865) 2* 4`35 mm2 + 1' 3*2.5 mm2 MT194038 5030P2C14 0.08 
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Connector sets and resistance Section 4 

HZ 
50 

MOTOR VAR VOLTAGE 
D/Y (V) 

CABLE I[CONNECTOR 
SET 

I STATOR 
PACKAGE 

I RESISTANCE 
WITHOUT CABLE 

HU192868 
HU192868 11 3801660 2'4 "70 mm2+ 1' 3'2.5 mm2 MT194037 5040P2C11 0.03 

HU192868 13 4151(719) 2'4'70 mm2+ 1' 3'2.5 mm2 MT194037 5040P2C13 0.04 

HU192868 14 5001(865) 4"50 mrn2 + 1* 3'2.5 mm2 MT194036 5040P2C14 0.06 

HU192869 
HU192869 11 3801660 2' 4'70 mm2+ 1' 3'2.5 mm2 MT194037 5040P2C11 0.03 

HU192869 13 4151(719) 2' 4*70 mm2+ 1* 3'2.5 mm2 MT194037 5040P2C13 0.04 

HU192869 14 500/(865) 2" 4'50 mm2 + 1" 3"2.5 mm2 MT194036 5040P2C14 0.06 

HU192932 
HU192932 11 380/660 1" 9'1.5 mm2 MT193996 LS132S1P211 2.0 

HU192932 12 220/380 1" 7.6 mm2 + 2*2.5 mm2 MT193997 LS132S1P212 0.75 

HU192932 13 415/(719) 12 9'1.5 mm' MT193996 LS132S1P211 2.0 

HU192932 14 500/(865) 1" 9*1.5 mm2 MT193996 LS132S1P214 3.2 

HU192932A 
HU192932A 11 380/660 1' 9'1.5 mm2 MT193996 LS132S1P211 2.0 

HU192932A 12 220/380 1' 76 mm2 + 2'2.5 mm2 MT193997 LS132S1P212 0.75 

HU192932A 13 415/(719) 1" 9 *1.5 mm2 MT193996 LS132S1P211 2.0 

HU192932A 14 500/(865) 1' 9"1.5 mm2 MT193996 LS132S1P214 3.2 

HU192933 
HU192933 11 380/660 1' 9"1.5 mm2 MT193996 LS132S1P211 2.0 

HUi 92933 12 220/380 1* 7*6 mm2 + 2'2.5 mm' MT193997 LS132S1P212 0.75 

HU192933 13 415/(719) 1' 9'1.5 mm2 MT193996 LS132S1P211 2.0 

HU192933 14 500/(865) 1" 9'1.5 mm2 MT193996 LS132S1P214 3.2 

HU192933A 
HU192933A 11 380/660 12 9'1.5 mm2 MT193996 LS132S1P211 2.0 

HU192933A 12 220/380 1' 76 mm2 + 2'2.5 mm2 MT193997 LS132S1P212 0.75 

HU192933A 13 415/(719) 1* 9'1.5 mm2 MT193996 LS132S1P211 2.0 

HU192933A 14 500/(865) 1' 9'1.5 mm2 MT193996 LS132S1P214 3.2 

HU192934 
HU192934 11 380/660 1* 9'2.5 mm2 MT193998 LS132M2P211 1.2 

HU192934 12 220/380 1" 7'6 mm2 + 2-2.5 mm2 MT193997 LS132M2P212 0.45 

HU192934 13 415/(719) 1' 9'2.5 mm2 MT193998 LS132M2P211 1.2 

HU192934 14 5001(865) 1* 9'2.5 mm2 MT193998 LS132M2P214 
HU192934A 
HU192934A 11 380/660 1' 9'2.5 mm2 MT193998 LS132M2P211 1.2 

HU192934A 12 220/380 1* 7'6 mm2 + 2*2.5 mm2 MT193997 LS132M2P212 0.45 

HU192934A 13 415/(719) 1' 9'2.5 mm2 MT193998 LS132M2P211 1.2 

HU192934A 14 500/(865) 1' 9"2.5 mm2 MT193998 LS132M2P214 
HU192935 
HU192935 11 380/660 1' 9'2.5 mm' MT193998 L5132M2P211 1.2 

HU192935 12 2201380 1* 7.6 mm2 + 2'2.5 mm2 MT193997 LS132M2P212 0.45 

HU192935 13 4151(719) V 9'2.5 mm2 MT193998 LS132M2P211 1.2 

HU192935 14 500/(865) 1' 9*2.5 mm2 MT193998 LS132M2P214 
HU192935A 
HU192935A 11 380/660 1' 9'2.5 mm2 MT193998 LS132M2P211 1.2 

HU192935A 12 220/380 1* 7'6 mm2 + 2'2.5 mm2 MT193997 LS132M2P212 .45 

HU192935A 13 415/(719) 1' 9"2.5 mm2 MT193998 LS132M2P211 1.2 

HU192935A 14 500/(865) 1' 9*2.5 mm2 MT193998 LS132M2P214 
HU192936 
HU192936 11 380/660 1' 9'2.5 mm2 MT193998 LS132M1P111 1.04 

HU192936 12 220/380 1" 7*6 mm2 + 2'2.5 mm2 MT193997 LS132M1P112 0.45 

HU192936 13 415/(719) 1' 9"2.5 mm2 MT193998 LS132M1P111 1.04 

HU192936 14 500/(865) 1" 9"2.5 mm2 MT193998 LS132M1P114 1.9 

HU192936-R 
HU192936-R 11 380/660 1' 9'2.5 mm2 MT193998 LS132M1P111 1.04 

HU192936 -R 12 220/380 1' 7'6 mm2 + 2'2.5 mm2 MT193997 LS132M1P112 0.45 

HU192936-R 13 415/(719) 1* 9*2.5 mm2 MT193998 LS132M1P111 1.04 

HU192936-R 14 5001(865) 1' 9'2.5 mm2 MT193998 LS132M1P114 1.9 

HU192937 

HU192937 11 380/660 12 9'2.5 mm2 MT193998 LS132M1P111 1.04 

HU192937 12 220/380 1' 7"6 mm2 + 2'2.5 mm2 MT193997 LS132M1P112 0.45 

HU192937 13 4151(719) 1 9'2.5 mm2 MT193998 LS132M1P111 1.04 

HU192937 14 500/(865) 1" 9'2.5 mm2 MT193998 LS132M1P114 1.9 

HU192987 
HU192987 01 380 1* 7'1.5 mm2 MT194040 MU2420P212 1.5 

HU192987 03 415 1" 7.1.5 mm2 MT194041 MU2420P213 5.3 

HU192987 04 500 1* 7'1.5 mm' MT194041 MU2420P214 8.2 

HU192987 06 660 12 7'1.5 mm' MT194040 MU2420P211 4.4 

HU192987 12 220/380 1' 9'1.5 mm2 MT194042 MU2420P212 1.5 

HU192992 
HU192992 01 380 1' 7.'1.5 mm2 MT194040 MU2420P212 1.5 

HU192992 03 415 1" 7'1.5 mm2 MT194041 MU2420P213 5.3 

HU192992 04 500 1* 7*1.5 mm2 MT194041 MU2420P214 8.2 

HU192992 06 660 1" 7'1.6 mm2 MT194040 MU2420P211 4.4 
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Connector sets and resistance Section 4 

HZ 
50 

MOTOR VAR VOLTAGE 
(V) 

CABLE I CONNECTOR SKAGE I STATOR I_ RESISTANCE 
WITHOUT CABLE 

HU192992 12 2201380 1* 9'1.5 mm2 MT194042 MU2420P212 1.5 
HU192992 13 4151(719) 1* 9'1.5 mm2 MT194042 MU2420P213 5.3 
HU192993 
HU192993 01 380 1' 7'1.5 mm2 MT194040 MU2421P112 0.88 
HU192993 03 415 1' 7'1.5 mm2 MT194041 MU2421P113 3.2 
HU192993 04 500 1' 7'1.5 mm2 MT194041 MU2421P114 5.3 
HU192993 06 660 1' 7'1.5 mm' MT194040 MU2421P111 2.7 
HU192993 12 2201380 1* 91.5 mm2 MT194042 MU2421P112 0.88 
HU192993-R 
HU192993-R 01 380 1' 7'1.5 mm2 MT194040 MU2421P112 0.88 
HU192993-R 03 415 12 7'1.5 mm2 MT194041 MU2421P113 3.2 
HU192993-R 04 500 1* 7*1.5 mm2 MT194041 MU2421P114 5.3 
HU1 92993-R 06 660 1' 7'1.5 mm2 MT194040 MU2421P111 2.7 
HU192993-R 12 2201380 1* 99.5 mm2 MT194043 MU2421P112 0.88 
HU193092 
HU193092 11 3801660 1' 9'1.5 mm2 MT194049 MU3217P211 2.4 
HU193092 12 220/380 1' 7-6 mm' + 2*2.5 mm2 MT194050 MU3217P212 0.82 
HU193092 13 4151(719) 12 9.'1.5 mm2 MT194049 MU3217P213 3.0 
HU193092 14 500/(865) 1* 99.5 mm2 MT194049 MU3217P214 4.35 
HU193096 
HU193096 11 380/660 1' 9'1.5 mm2 MT194049 MU3217P211 2.4 
HU193096 12 220/380 1* 7*6 mm2 + 2-2.5 mm2 MT194050 MU3217P212 0.82 
HU193096 13 415/(719) 1* 9*1.5 mm2 MT194049 MU3217P213 3.0 
HU193096 14 500/(865) 1* 9'1.5 mm2 MT194049 MU3217P214 4.35 
HU193301 
HU193301 01 380 1* 4*1.5 mm2 MT194043 MU2216P112 1.8 

HU193301 02 220 1* 4'1.5 mm2 MT194044 MU2216P112 1.8 
HU193301 03 415 1* 49.5 mm2 MT194043 MU2216P113 6.48 
HU193301 04 500 1* 4'1.5 mm2 MT194043 MU2216P114 9.15 
HU193301 06 660 1* 4'1.5 mm2 MT194043 MU2216P111 5.5 
HU193302 
HU193302 01 380 1* 4'1.5 mm2 MT194043 MU2216P112 1.8 
HU193302 02 220 1* 4'1.5 mm2 MT194044 MU2216P112 1.8 
HU193302 03 415 1* 4*1.5 mm2 MT194043 MU2216P113 6.48 
HU193302 04 500 1* 4'1.5 mm2 MT194043 MU2216P114 9.15 
HU193302 06 660 1* 41.5 mm2 MT194043 MU2216P111 5.5 
HU193309 
HU193309 01 380 1* 7'1.5 mm2 MT194069 MU2216P112 1.8 
HU193309 02 220 1- 7'1.5 mm2 MT194070 MU2216P112 1.8 
HU193309 03 415 1* 7'1.5 mm2 MT194069 MU2216P113 6.48 
HU193309 04 500 1* 7'1.5 mm2 MT194069 MU2216P114 9.15 
HU193309 06 660 1* 7*1.5 mm2 MT194069 MU2216P111 5.5 
HU193310 
HU193310 01 380 1* 7'1.5 mm2 MT194069 MU2216P112 1.8 

HU193310 02 220 1* 7*1.5 mm2 MT194070 MU2216P112 1.8 

HU193310 03 415 1* 7*1.5 mm2 MT194069 MU2216P113 6.48 
HU193310 04 500 1* 7'1.5 mm2 MT194069 MU2216P114 9.15 
HU193310 06 660 1* 71.5 mm2 MT194069 MU2216P111 5.5 
HU193315 
HU193315 01 380 1* 7*1.5 mm2 MT194040 MU2218P212 1.7 
HU193315 02 220 1* 7'1.5 mm2 MT194041 MU2218P212 1.7 

HU193315 03 415 1* 7*1.5 mm2 MT194040 MU2218P212 1.7 

HU193315 04 500 1* 7'1.5 mm2 MT194041 MU2218P214 13.9 
HU193315 06 660 1* 7'1.5 mm2 MT194040 MU2218P211 7.9 
HU193315-R 
HU193315-R 01 380 7'1.5 mm2 MT194040 MU2218P212 1.7 

HU193315-R 02 220 1* 7'1.5 mm2 MT194041 MU2218P212 1.7 
HU193315-R 03 415 1* 7*1.5 mm2 MT194040 MU2218P212 1.7 

HU193315-R 04 500 1'7'1.5 mm2 MT194041 MU2218P214 13.9 
HU193315-R 06 660 1* 7'1.5 mm2 MT194040 MU2218P211 7.9 
HU193315B 
HU193315B 01 380 1* 7*1.5 mm2 MT194040 MU2218P212 1.7 
HU193315B 02 220 1* 7"1.5 mm2 MT194041 MU2218P212 1.7 
HU193315B 03 415 1* 7*1.5 mm2 MT194040 MU2218P212 1.7 

HU193315B 04 500 1* 7'1.5 mm2 MT194041 MU2218P214 13.9 
HU193315B 06 660 1* 7*1.5 mm2 MT194040 MU2218P211 7.9 
HU193317 
HU193317 01 380 1* 7'1.5 mm2 MT194040 MU2216P112 1.8 
HU193317 02 220 1* 7*1.5 mm2 MT194041 MU2216P112 1.8 
HU193317 03 415 1* 7'1.5 mm2 MT194040 MU2216P119 2.2 
HU193317 04 500 1* 7'1.5 mm2 MT194040 MU2216P 110 

HU193317 06 660 1* 7*1.5 mm2 MT194040 MU2216P111 5.5 
HU193317 13 4151(719) 1* 9'1.5 mm2 MT194042 MU2216P113 6.48 
HU193404 
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HU193404 11 3801660 2' 4'70 mm2 + 1' 3'2.5 mm2 MT194066 5040P2C11 0.03 

HU193404 13 4151(719) r 4'70 mm2 + 1' 3'2.5 mm2 WM 94066 5040P2C13 0.04 

HU193404 14 500/(865) 2.4'50 mm2 + 1' 3'2.5 mma MT194067 5040P2C14 0.06 

HU193552 
HU193552 01 380 1' 4'1.5 mm2 MT194043 MU2420P212 1.5 

HU193552 03 415 1' 4'1.5 mm2 MT194044 MU2420P213 5.3 

HU193552 04 500 1' 4'1.5 mm2 MT194044 MU2420P214 8.2 

HU193552 06 660 1* 4'1.5 mm2 MT194043 MU2420P211 4.4 

HU193552 12 2201380 1' 7.1.5 mm2 MT194045 MU2420P212 1.5 

HU193552 13 4151(719) 1' 7'1.5 mm2 MT194045 MU2420P213 5.3 

HU193553 
HU193553 01 380 1* 79.5 mm2 MT194046 MU2420P212 1.5 

HU193553 03 415 12 7'1.5 mm2 MT194047 MU2420P213 5.3 

HU193553 04 500 1* 7'1.5 mm2 MT194047 MU2420P214 8.2 

HU193553 06 660 1" 7'1.5 mm2 MT194046 MU2420P211 4.4 

HU193553 12 220/380 1' 9'1.5 mm2 MT194048 MU2420P212 1.5 

HU193553 13 4151(719) 1" 9'1.5 mm2 MT194048 MU2420P213 5.3 

HU193554 
HU193554 01 380 1* 4'1.5 mm2 MT194043 MU2420P212 1.5 

HU193554 03 415 124'1.5 mm2 MT194044 MU2420P213 5.3 

HU193554 04 500 1* 4'1.5 mm2 MT194044 MU2420P214 8.2 

HU193554 06 660 1* 4*1.5 mm2 MT194043 MU2420P211 4.4 

HU193554 12 220/380 12 7'1.5 mm2 MT194045 MU2420P212 1.5 

HU193555 
HU193555 01 380 1* 7'1.5 mm2 MT194046 MU2420P212 1.5 

HU193555 03 415 12 7'1.5 mm2 MT194047 MU2420P213 5.3 

HU193555 04 500 1" 7'1.5 mm2 MT194047 MU2420P214 8.2 

HU193555 06 660 1 7*1.5 mm2 MT194046 MU2420P211 4.4 

HU193555 12 220/380 1' 9'1.5 mm2 MT194048 MU2420P212 1.5 

HU193556 
HU193556 01 380 1 4*1.5 mm2 MT194043 MU2420P212 1.5 

HU193556 03 415 1" 4'1.5 mm2 MT194044 MU2420P213 5.3 

HU193556 04 500 1' 4'1.5 mm2 MT194044 MU2420P214 8.2 

HU193556 06 660 1* 4*1.5 mm2 MT194043 MU2420P211 4.4 

HU193556 12 220/380 1" 7'1.5 mm2 MT194045 MU2420P212 1.5 

HU193557 
HU193557 01 380 1* 7*1.5 mm2 MT194046 MU2420P212 1.5 

HU193557 03 415 1. 7*1.5 mm2 MT194047 MU2420P213 5.3 

HU193557 04 500 1* 7'1.5 mm2 MT194047 MU2420P214 8.2 

HU193557 06 660 1* 79.5 mm2 Mu 94046 MU2420P211 4.4 

HU193557 12 2201380 1" 9'1.5 mm2 MT194048 MU2420P212 1.5 

HU193558 
HU193558 01 380 1* 49.5 mm2 MT194043 MU2420P212 1.5 

HU193558 03 415 1' 4'1.5 mm2 MT194044 MU2420P213 5.3 

HU193558 04 500 1" 4'1.5 mm2 MT194044 MU2420P214 8.2 

HU193558 06 660 1* 49.5 mm2 MT194043 MU2420P211 4.4 

HU193558 12 220/380 1' 7'1.5 mm2 MT194045 MU2420P212 1.5 

HU193559 
HU193559 01 380 1* 7*1.5 mm2 MT194046 MU2420P212 1.5 

HU193559 03 415 1* 71.5 mm2 MT194047 MU2420P213 5.3 

HU193559 04 500 1' 7'1.5 mm2 MT194047 MU2420P214 8.2 

HU193559 06 660 12 7"1.5 mm2 MT194047 MU2420P211 4.4 

HU193559 12 220/380 1* 9'1.5 mm7 M1194048 MU2420P212 1.5 

HU193586 
HU193586 01 380 1" 4"1.5 mm2 MT194043 MU2218P212 1.7 

HU193586 02 220 1* 4'1.5 mm2 MT194044 MU2218P212 1.7 

HU193586 03 415 1" 4.1.5 mm2 MT194043 MU2218P212 1.7 

HU193586 04 500 1" 4"1.5 mm2 MT194043 MU2218P214 13.9 

HU193586 06 660 1* 4'1.5 mm2 MT194043 MU2218P211 7.9 

HU193586B 
HU193586B 01 380 1' 4-'1.5 mm2 MT194043 MU2218P212 1.7 

HU193586B 02 220 1' 41.5 mm2 MT194044 MU2218P212 1.7 

HU193586B 03 415 1" 4'1.5 mm2 MT194043 MU2218P212 1.7 

HU193586B 04 500 1* 4*1.5 mm2 MT194044 MU2218P214 13.9 

HU193586B 06 660 1" 4'1.5 mm2 MT194043 MU2218P211 7.9 

HU193586D 
HU193586D 01 400 1' 4.1.5 mm2 MT194043 MU2218P212 1.7 

HU193586D 02 230 1' 4'1.5 mm2 MT194044 MU2218P212 1.7 

HU193586D 03 415 1* 4*1.5 mm2 MT194043 MU2218P212 1.7 

HU193586D 04 500 1" 4.1.5 mm2 MT194044 MU2218P214 13.9 

HU193586D 06 690 1" 41.5 mm2 MT194043 MU2218P211 7.9 

HU193587 
HU193587 01 380 1' 7'1.5 mm2 MT194069 MU2218P212 1.7 

HU193587 02 220 1" 7'1.5 mm2 MT194070 MU2218P212 1.7 
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HU193587 03 415 1. 7'1.5 mm2 MT194069 MU2218P212 1.7 
HU193587 04 500 1. 7'1.5 mm2 MT194069 MU2218P214 13.9 
HU193587 06 660 1" 7'9.5 mm2 MT194069 MU2218P211 7.9 
HU193587B 
HU193587B 01 380 1* 7'1.5 mm2 MT194069 MU2218P212 1.7 
HU193587B 02 220 1' 7'1.5 mm2 MT194070 MU2218P212 1.7 
HU193587B 03 415 1' 7.1.5 mm2 MT194069 MU2218P212 1.7 
HU193587B 04 500 1' 7'1.5 mm2 MT194070 MU2218P214 13.9 
HU193587B 06 660 1' 7.1.5 mm2 MT194069 MU2218P211 7.9 
HU193587D 
HU193587D 01 400 1" 7'1.5 mm2 MT194069 MU2218P212 1.7 
HU1935870 02 230 1' 7.1.5 mm' MT194070 MU2218P212 1.7 
HU193587D 03 415 1" 7'1.5 mm2 MT194069 MU2218P212 1.7 
HU1935870 04 500 1* 71.5 mm2 MT194070 MU2218P214 13.9 
HU193587D 06 690 1* 7'1.5 mm2 MT194069 MU2218P211 7.9 
HU193633 
HU193633 01 380 1" 4'1.5 mm2 MT194043 MU2216P112 1.8 
HU193633 02 220 1* 4'1.5 mm2 MT194044 MU2216P112 1.8 
HU193633 03 415 1* 4"1.5 mm2 MT194043 MU2216P119 2.2 
HU193633 04 500 1" 4'1.5 mm2 MT194043 MU2216P110 
HU193633 06 660 1" 41.5 mm2 MT194043 MU2216P111 5.5 
HU193633 13 4151(719) 1* 7'1.5 mm2 MT194073 MU2216P113 6.48 
HU193634 
HU193634 01 380 1' 7 *1.5 mm2 MT194069 MU2216P112 1.8 
HU193634 02 220 1* 7"1.5 mm2 MT194070 MU2216P112 1.8 
HU193634 03 415 1" 7'1.5 mm2 MT194069 MU2216P119 2.2 
HU193634 04 500 1' 7'1.5 mm2 MT194069 MU2216P110 
HU193634 06 660 1* 79.5 mm2 MT194069 MU2216P111 5.5 
HU193635 
HU193635 01 380 1" 4.'1.5 mm2 MT194043 MU2216P112 1.8 
HU193635 02 220 1' 4"1.5 mm2 MT194044 MU2216P112 1.8 
HU193635 03 415 1" 4"1.5 mm2 MT194043 MU2216P119 2.2 
HU193635 04 500 1 4'1.5 mm2 MT194043 MU2216P110 
HU193635 06 660 1* 4*1.5 mm2 MT194043 MU2216P111 5.5 
HU193636 
HU193636 01 380 1" 7'1.5 mm2 MT194069 MU2216P112 1.8 
HU193636 02 220 1 7'1.5 mm2 MT194070 MU2216P112 1.8 
HU193636 03 415 1" 7'1.5 mm2 MT194069 MU2216P119 2.2 
HU193636 04 500 1* 721.5 mm2 MT194069 MU2216P110 
HU193636 06 660 1' 7`1.5 mm2 MT194069 MU2216P111 5.5 
HU193691D 
HU193691D 21 220 1' 4'9.5 mm2 MT194071 MU2219P2-121 
HU193691D 23 240 1' 4'1.5 mm2 MT194071 MU2219P2-123 
HU193692D 
HU193692D 21 220 1 7*1.5 mm2 MT194072 MU2219P2-121 
HU193692D 23 240 1' 7'1.5 mm2 MT194072 MU2219P2-123 
NW 93694 
HU193694 01 380 1* 4*1.5 mm2 MT194043 MU2421P112 0.88 
HU193694 03 415 1' 4'1.5 mm2 MT194044 MU2421P113 3.2 
HU193694 04 500 1* 4'1.5 mm2 MT194044 MU2421P114 5.3 
HU193694 06 660 1* 4*1.5 mm2 MT194043 MU2421P111 2.7 
HU193694 12 220/380 1* 7'1.5 mm2 MT194073 MU2421P112 0.88 
HU193694 13 415/(719) 1* 7'1.5 mm2 MT194073 MU2421P113 3.2 
HU193695 
HU193695 01 380 1* 7'1.5 mm2 MT194046 MU2421P112 0.88 
HU193695 03 415 1* 7'1.5 mm2 MT194047 MU2421P113 3.2 
HU193695 04 500 1* 7'1.5 mm2 MT194047 MU2421P114 5.3 
HU193695 06 660 1* 7'1.5 mm2 MT194046 MU2421P111 2.7 
HU193695 12 220/380 1 9'1.5 mm2 MT19404B MU2421P112 0.88 
HU193696 
HU193696 01 380 1' 4'1.5 mm2 MT194043 MU2421P112 0.88 
HU193696 03 415 1" 4'1.5 mm2 MT194044 MU2421P113 3.2 
HU193696 04 500 1* 4'1.5 mm2 MT194044 MU2421P114 5.3 
HU193696 06 660 1" 4'1.5 mm2 MT194043 MU2421P111 2.7 
HU193696 12 220/380 1' 7'1.5 mm2 MT194073 MU2421P112 0.88 
HU193696 13 415/(719) 1' 7'1.5 mm2 MT194073 MU2421P113 3.2 
HU193697 
HU193697 01 380 1* 7'9.5 mm2 MT194046 MU2421P112 0.88 
HU193697 03 415 1' 7'1.5 mm2 MT194047 MU2421P113 3.2 
HU193697 04 500 1" 7'1.5 mm2 MT194047 MU2421P114 5.3 
HU193697 06 660 1* 7-1.5 mm2 MT194046 MU2421P111 2.7 
HU193697 12 220/380 1' 9'1.5 mm2 MT194048 MU2421P112 0.88 
HU193758 
HU193758 11 380/660 1* 9'1.5 mm2 MT194074 LS132S1P211 2.D 
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HU193758 12 220/380 1* 7*6 mm2 + 2"2.5 mm2 MT194051 LS132S1P212 0.75 

HU193758 13 4151(719) 1* 9*1.5 mm2 MT194074 LS132S1P211 2.0 

HU193758 14 5001(865) 1* 9.1.5 mm2 MT194074 LS132S1P214 3.2 

HU193759 
HU193759 11 380/660 1* 91.5 mm2 MT194074 LS132S1P211 2.0 

HU193759 12 220/380 1* 7'6 mm2 + 2'2.5 mm' MT194051 LS132S1P212 0.75 

HU193759 13 4151(719) 1* 9*1.5 mm2 MT194074 LS132S1P211 2.0 

HU193759 14 5001(865) 1* 9'1.5 mm2 MT194074 LS132S1P214 3.2 

HU193790 

HU193790 01 380 1* 41.5 mm2 MT194043 MU2216P112 1.8 

HU193790 02 220 1* 4*1.5 mm2 MT194044 MU2216P112 1.8 

HU193790 03 415 1* 4.'1.5 mm2 MT194043 MU2216P119 2.2 

HU193790 04 500 1* 4..1.5 mm2 MT194043 MU2216P110 
HU193790 06 660 1* 4-1.5 mm2 MT194043 MU2216P111 5.5 

HU193791 

HU193791 01 380 1* 7'1.5 mm2 MT194069 MU2216P112 1.8 

HU193791 02 220 1* 7*1.5 mm' MT194070 MU2216P112 1.8 

HU193791 03 415 1* 7`1.5 mm2 MT194069 MU2216P119 2.2 

HU193791 04 500 1' 7'1.5 mm2 MT194069 MU2216P110 
HU193791 06 660 1* 7'1.5 mm2 MT194069 MU2216P111 5.5 

HU193792 
HU193792 01 380 1'4'1.5 mm2 MT194043 MU2216P112 1.8 

HU193792 02 220 1* 41.5 mm2 MT194044 MU2216P112 1.8 

HU193792 03 415 12 4'1.5 mm2 MT194043 MU2216P119 2.2 

HU193792 04 500 1' 4'1.5 mm2 MT194043 MU2216P110 

HU193792 06 660 1* 41.5 mm2 MT194043 MU2216P111 5.5 

HU193793 
HU193793 01 380 1* 7'1.5 mm2 MT194069 MU2216P112 1.8 

HU193793 02 220 1* 7 *1.5 mm2 MT194070 MU2216P112 1.8 

HU193793 03 415 1* r 1.5 mm2 MT194069 MU2216P119 2.2 

HU193793 04 500 1 7*1.5 mm2 MT194069 MU2216P110 
HU193793 06 660 1* 7*1.5 mm2 MT194069 MU2216P111 5.5 

HUI 93811 
HU193811 11 380/660 1* 92.5 mm2 MT194052 LS132M1P111 1.04 

HU193811 12 220/380 1* 7*6 mm2 + 2*2.5 mm2 MT194051 LS132M1P112 0.45 

HU193811 13 415/(719) 1* 9*2.5 mm2 MT194052 LS132M1P111 1.04 

HU193811 14 500/(865) 1' 9'1.5 mm2 MT194074 LS132M1P114 1.9 

HU193812 
HU193812 11 380/660 1* 9.2.5 mm2 MT194052 LS132M1P111 1.04 

HU193812 12 220/380 1* 7.6 mm2 + 22.5 mm2 MT194051 LS132M1P112 0.45 

HU193812 13 415/(719) 1* 9*2.5 mm2 MT194052 LS132M1P111 1.04 

HU193812 14 500/(865) 1* 9'1.5 mm2 MT194074 LS132M1P114 1.9 

HU193835 

HU193835 11 380/660 9*2.5 mm2 MT194052 LS132M2P211 1.2 

HU193835 12 220/380 1* 7*6 mm2+ 2*2.5 mm2 MT194051 LS132M2P212 0.45 

HU193835 13 415/(719) 1* 9'2.5 mm2 MT194052 LS132M2P211 1.2 

HU193835 14 500/(865) 1* 9*2.5 mm2 MT194052 LS132M2P214 
HU193836 
HU193836 11 380/660 1* 9'2.5 mm2 MT194052 LS132M2P211 1.2 

HU193836 12 220/380 1* 7*6 mm2 + 2*2.5 mm2 MT194051 LS132M2P212 0.45 

HU193836 13 415/(719) 1* 9'2.5 mm2 MT194052 LS132M2P211 1.2 

HU193836 14 500/(865) 1* 9*2.5 mm2 MT194052 LS132M2P214 
HU193844 
HU193844 11 380/660 2* 4120 mm2+ 1" 91.5 m MT194116 7163P511 

HU193890 
HU193890 11 400/690 1* 76 mm2 + 2"2.5 mm2 MT194051 LS160MP211 0.75 

HU193890 12 230/400 2* 5.10 mm2 MT194080 LS160MP212 
HU193890 13 415/(719) 12 7'6 mm2 + 2*2.5 mm2 MT194051 LS160MP211 0.75 

HU193890 14 500/(865) 1* 7.6 mm2 + 2'2.5 mm2 MT194051 LS160MP214 1.24 

HUI 93891 

HU193891 11 400/690 1* 7*6 mm2 + 2*2.5 mm2 MT194051 LS160MP211 0.75 

HU193891 12 230/400 2* 5*10 mm2 MT194080 LS160MP212 
HU193891 13 415/(719) 1* 7'6 mm2 + 2*2.5 mm2 MT194051 LS160MP211 0.75 

HU193891 14 500/(865) 1* 76 mm2 + 2'2.5 mm2 MT194051 LS160MP214 1.24 

HU193900 

HU193900 11 400/690 1* 7`6 mm2 + 2*2.5 mm2 MT194051 LS160LP211 0.57 

HU193900 12 230/400 2' 5-'10 mm2 MT194080 LS160LP212 
HU193900 13 415/(719) 1* 7*6 mm2 +2.2,5 mm2 MT194051 LS160LP211 0.57 

HU193900 14 500/(865) 1* 7*6 mm2 + 2'2.5 mm2 MT194051 LS160LP214 0.83 

HU193901 
HU193901 11 400/690 1* 7*6 mm2 + 2'2.5 mm2 MT194051 LS160LP211 0.57 

HU193901 12 230/400 2* 5'10 mm2 MT194080 LS160LP212 
HU193901 13 415/(719) 1* 7*6 mm2 + 2*2.5 mm2 MT194051 LS160LP211 0.57 

HU193901 14 500/(865) 12 7*6 mm2 + 2.2.5 mm2 MT194051 LS160LP214 0.83 
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HU193948 
HU193948 11 400/690 1* 9'1.5 mm2 MT194074 LS132MP311 
HU193948 12 230/400 1* 7.6 mm2 + 2* 2.5 mm2 MT194051 LS132MP312 
HU193948 13 415/(719) 12 9'1.5 mm2 MT194074 LS132MP311 
HU193948 14 5001(865) 1* 9"1.5 mm2 MT194074 LS132MP314 
HU194084 
HU194084 11 400/690 2* 5*10 mm2 MT194081 LS180LP211 0.4 
HU194084 12 230/400 2* 516 mm2 MT194053 LS180LP212 0.15 
HU194084 13 415/(719) 2* 510 mm2 MT194081 LS180LP211 0.4 
HU194084 14 5001(865) 1* r6 mm2 + 2'2.5 mm2 MT194054 LS180LP214 
HU194084B 
HU194084B 11 400/690 2* 590 mm2 MT194081 LS180LP2B11 0.4 
HU194084B 12 230/400 2* 516 mm2 MT194053 LS180LP2B12 0.15 
HU194084B 13 415/(719) 2* 510 mm2 MT194081 LS180LP2B11 0.4 
HU194084B 14 5001(865) V' 7'6 mm2 + 2*2.5 mm2 MT194054 LS180LP2B14 
HU194085 
HU194085 11 400/690 r 5'10 mm2 MT194081 LS180LP211 0.4 
HU194085 12 230/400 2* 596 mm2 MT194053 LS1BOLP212 0.15 
HU194085 13 415/(719) 2* 590 mm2 MT194081 LS180LP211 0.4 
HU194085 14 500/(865) 1* 7'6 mm2 + 2'2.5 mm2 MT194054 LS180LP214 
HU194085B 
HU194085B 11 400/690 2* 5*10 mm2 MT194081 LS180LP2B11 0.4 
HU194085B 12 230/400 2* 5'16 mm2 MT194053 LS1BOLP2B12 0.15 
HU194085B 13 415/(719) 2* 5*10 mm2 MT194081 LS1BOLP2B11 0.4 
HU194085B 14 500/(865) 1* 7*6 mm2 + 2*2.5 mm2 MT194054 LS1BOLP2B14 
HU194126 
HU194126 11 380/660 2* 4* 70 mm2 + 1* 9 *1.5 mm2 MT194115 7163P611 
HU194127 
HU194127 11 380/660 2* 4* 50 mm2+ 1* 9*1.5 mm2 MT194114 7142P611 
HU194200 
HU194200 11 400/690 2* 4*16 mm2 + 1* 3*2.5 mm2 MT194058 4020P2D11 0.17 
HU194200 12 230/400 2' 435 mm2 + 1* 3*2.5 mm2 MT194059 4020P2D12 
HU194200 13 415/(719) 4*16 mm2 + 1* 3*2.5 mm2 MT194058 4020P2D11 0.17 
HU194200 14 5001(865) 2* 5*10 mm2 MT194055 4020P2D14 
HU194201 
HU194201 11 400/690 2* 4*16 mm2 + 1.3.2.5 mm2 MT194058 4020P2D11 0.17 
HU194201 12 230/400 2* 4'15 mm2 + 1* 3*2.5 mm2 MT194059 4020P2D12 
HU194201 13 4151(719) 2* 4.'16 mm2 + 1* 32.5 mm2 MT194058 4020P2D11 0.17 
HU194201 14 500/(865) 2* 5'10 mm2 MT194055 4020P2D14 
HU194221 
HU194221 01 380 1' 721.5 mm2 MT194046 MU2420P212 1.5 
HU194221 03 415 1' 7*1.5 mm2 MT194047 MU2420P213 5.3 
HU194221 04 500 1' 7'1.5 mm2 MT194047 MU2420P214 8.2 
HU194221 06 660 1* 7.'1.5 mm2 MT194046 MU2420P211 4.4 
HU194221 12 220/380 1* 9*1.5 mm2 MT194048 MU2420P212 1.5 
HU194221 13 415/(719) 1' 9'1.5 mm2 MT194048 MU2420P213 5.3 
HU194263 
HU194263 01 380 1* 7*1.5 mm2 MT194046 MU2421P112 0.88 
HU194263 03 415 1* 7.1.5 mm2 MT194047 MU2421P113 3.2 
HU194263 04 500 1* 7'1.5 mm2 MT194047 MU2421P114 5.3 
HU194263 06 660 12 r 1.5 mm2 MT194046 MU2421P111 2.7 
HU194263 12 220/380 1* 9*1.5 mm2 MT194048 MU2421P112 0.88 
HU194274 
HU194274 01 380 1" 7'1.5 mm2 MT194069 MU2218P212 1.7 
HU194274 02 220 1* 7*1.5 mm2 MT194070 MU2218P212 1.7 
HU194274 03 415 1* 7'1.5 mm2 M7194069 MU2218P212 1.7 
HU194274 04 500 1" 7'1.5 mm2 MT194069 MU2218P214 13.9 
HU194274 06 660 1* 7*1.5 mm2 MT194069 MU2218P211 7.9 
HU194274B 
HU194274B 01 380 1* 7'1.5 mm2 MT194069 MU2218P212 1.7 
HU194274B 02 220 1* 7*1.5 mm2 MT194070 MU2218P212 1.7 

HU194274B 03 415 1* 7*1.5 mm2 MT194069 MU2218P212 1.7 
HU194274B 04 500 1* 7*1.5 mm2 MT194069 MU2218P214 13.9 
HU194274B 06 660 1" 7'1.5 mm2 MT194069 MU2218P211 
HU194291 
HU194291 11 380/660 2" 4*35 mm2 + 1* 3*2.5 mm2 MT194065 5026P2C11 0.06 
HU194291 12 220/380 2* 4'70 mm2 + 1.3'2.5 mm2 MT194064 5026P2C12 0.02 
HU194291 13 415/(719) 2* 4'25 mm2 + 1* 3'2.5 mm2 MT194061 5026P2C13 0.07 
HU194291 14 5001(865) 2* 4225 mm2 + 1 3'2.5 mm2 MT194061 5026P2C14 0.11 
HU194299 
HU194299 11 380/660 2* 4'120 mm2 + 1* 99.5 mm2 MT194116 7163P611 
HU194301 
HU194301 11 380/660 2* 4185 mm2 + 1* 9'1.5 mm2 MT194303 7163P511 
HU194310 
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HZ MOTOR VAR VOLTAGE CABLE CONNECTOR STATOR RESISTANCE 
50 DIY (V) SET PACKAGE WITHOUT CABLE 

HU194310 11 3801660 1* 9'2.5 mm2 MT194052 LS132M1P111 1.04 

HU194310 12 2201380 1' 7.6 mm2 + 2.2.5 mm2 MT194051 LS132M1P112 0.45 

HU194310 13 4151(719) 1* 9 *2.5 mm2 MT194052 LS132M1P111 1.04 

HU194310 14 5001(865) 1* 9`1.5 mm2 MT194074 LS132M1P114 1.9 

HU194329 

HU194329 11 380/660 2* 4'185 mm2 + 1* 9.1.5 mm2 MT194303 7163P511 

HU194422 
HU194422 01 380 1* 7.1.6 mm' MT194069 MU2218P212 1.7 

HU194422 02 220 1' r 1.5 mm2 MT194070 MU2218P212 1.7 

HU194422 03 415 1' 7*1.5 mm2 MT194069 MU2218P212 1.7 

HU194422 04 500 1. 7.1.5 mm2 MT194069 MU2218P214 13.9 

HU194422 06 660 1" 7*1.5 mm2 MT194069 MU2218P211 7.9 

HU194500 
HU194500 11 400/690 1* 7.6 mm2 + 2.2.5 mm2 MT194932 LS160LP211 0.57 

HU194500 12 230/400 2* 5.10 mm2 MT194933 LS160LP212 

HU194500 13 415/(719) 1* 7.6 mm2 + 2.2.5 mm2 MT194932 LS160LP211 0.57 

HU194500 14 500/(865) 1* 7*6 mm2 + 2*2.5 mm2 MT194932 LS160LP214 0.83 

HU194501 

HU194501 11 400/690 1. 7.6 mm2 + 2 2.5 mm2 MT194932 LS160LP211 0.57 

HU194501 12 230/400 2. 5.10 mm2 MT194933 LS160LP212 
HU194501 13 415/(719) 1* 7.6 mm2 + 2'2.5 mm2 MT194932 LS160LP211 0.57 

HU194501 14 500/(865) 1* 7-6 mm2 + 2.2.5 mm2 MT194932 LS160LP214 0.83 

HU194561 

HU194561 01 380 1* 7.1.5 mm2 MT194046 MU2420P212 1.5 

HU194561 03 415 1* 7'1.5 mm2 MT194047 MU2420P213 5.3 

HU194561 04 500 1* 7*1.5 mm2 MT194047 MU2420P214 8.2 

HU194561 06 660 12 7.1.5 mm2 MT194046 MU2420P211 4.4 

HU194561 12 220/380 12 9.1.5 mm2 MT194048 MU2420P212 1.5 

HU194561 13 415/(719) 1* 9*1.5 mm2 MT194048 MU2420P213 5.3 

HU194590 
HU194590 11 400/690 2* 4.25 mm2 + 1* 3.2.5 mm2 MT194056 4528P4D11 0.0709 

HU194590 12 230/400 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194062 4528P4D12 

HU194590 13 415/(719) 2* 4'25 mm2 +12 3.2.5 mm2 MT194056 4528P4D11 0.0709 

HU194590 14 500/(865) 2* 4.16 mm2 + 1* 3*2.5 mm2 MT194058 4528P4D14 
H U 1 94590A 
HU194590A 11 400/690 2.4'25 mm2 + 1* 3.2.5 mm2 MT194056 4528P4D11 0.0709 

HU194590A 12 230/400 22 4.50 mm2 + 1* 3.2.5 mm2 MT194062 4528P4D12 

HU194590A 13 415/(719) 2* 4.25 mm2 + 1* 3*2.5 mm2 MT194056 4528P4D11 0.0709 

HU194590A 14 5001(865) 2* 4'16 mm2 + 1' 3.2.5 mm2 MT194058 4528P4D14 
HU194591 

HU194591 11 400/690 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194056 4528P4D11 0.0709 

HU194591 12 230/400 2* 4.'50 mm2 + 1* 3*2.5 mm2 MT194062 4528P4D12 
HU194591 13 4151(719) 2* 4'25 mm2 + 1. 3*2.5 mm2 MT194056 4528P4D11 0.0709 

HU194591 14 500/(865) 2* 4.16 mm2 + 1* 3*2.5 mm2 MT194058 4528P4D14 
HU194591A 
HU194591A 11 400/690 T 4.25 mm2 + 1* 3.2.5 mm2 MT194056 4528P4D11 0.0709 

HU194591A 12 230/400 2* 4*50 mm2 + 1* 3*2.5 mm2 MT194062 4528P4D12 

HU194591A 13 415/(719) T 4'25 mm2 +12 3.2.5 mm2 MT194056 4528P4D11 0.0709 

HU194591A 14 500/(865) T 4*16 mm2 + 1* 3*2.5 mm2 MT194058 4528P4D14 
HU194592 

HU194592 11 400/690 T 4'25 mm2 +1' 3*2.5 mm2 M1194061 5034P4D11 0.1188 

HU194592 12 230/400 2* 4.70 mm2 + 1* 3.2.5 mm2 MT194066 5034P4D12 
HU194592 13 415/(719) r 4'25 mm2 + 1* 3.2.5 mm2 M1194061 5034P4D11 0.1188 

HU194592 14 5001(865) 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194061 5034P4D14 
HU194592A 
HU194592A 11 400/690 T 4.25 mm2 + 1* 3*2.5 mm2 M1194061 5034P4D11 0.1188 
HU194592A 12 230/400 2* 4*70 mm2 + 1* 3*2.5 mm2 MT194066 5034P4D12 
HU194592A 13 415/(719) T 4'25 mm2 +1* 3'2.5 mm2 MT194061 5034P4D11 0.1188 
HU194592A 14 500/(865) T 4'25 mm2 + 1* 3*2.5 mm2 M1194061 5034P4D14 
H U194593 

HU194593 11 400/690 2* 4'25 mm2 + 1* 3.2.5 mm2 MT194061 5034P4D11 0.1188 
HU194593 12 230/400 2* 470 mm2 + 1* 3"2.5 mm2 MT194066 5034P4D12 
HU194593 13 415/(719) 2* 4'25 mm2 + 1. 3'2.5 mm2 M1194061 5034P4D11 0.1188 
HU194593 14 500/(865) 2* 4.25 mm2 + 1* 3.2.5 mm2 MT194061 5034P4D14 

HU194593A 
HU194593A 11 400/690 2* 4.25 mm2 + 1* 3.2.5 mm2 MT194061 5034P4D11 0.1188 
HU194593A 12 230/400 2* 4.70 mm2 + 1* 3*2.5 mm2 MT194066 5034P4D12 
HU194593A 13 415/(719) 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194061 5034P4D11 0.1188 

HU194593A 14 5001(865) 2* 4.25 mm2 + 1* 3 *2.5 mm2 MT194061 5034P4D14 
HU194600 

HU194600 11 400/690 2.4'25 mm2 + 1* 3'2.5 mm2 MT194056 4526P2D11 0.7510 

HU194600 12 230/400 2* 4.70 mm2 + 1* 3*2.5 mm2 MT194066 4526P2D12 
HU194600 13 415/(719) 2* 4*25 mm2 + 1* 3*2.5 mm2 MT194056 4526P2D11 0.7510 

HU194600 14 500/(865) 2* 4*25 mm2 + 1' 3'2.5 mm2 MT194056 4526P2D14 
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Connector sets and resistance Section 4 

HZ MOTOR VAR VOLTAGE I CABLE CONNECTOR STATOR RESISTANCE 
50 DN (V) 

I 

SET 
I 

PACKAGE WITHOUT CABLE 
HU194600A 
HU194600A 11 400/690 2 4'25 mre + 1* 3.2.5 mm= MT194056 4526P2011 0,7510 
HU194600A 12 230/400 r 4`70 mm2 + 1* 3"2.5 mm2 MT194066 4526P2012 
HU194600A 13 4151(719) 2* 4.25 mm2 + 1* 3*2.5 mm. MT194056 4526P2011 0.7510 
HU194600A 14 5001(865) r 4'25 mm2 + 1' 3'2.5 mm2 MT194056 4526P2D14 
HU194601 
HU194601 11 400/690 r 4'25 mm2 + 1' 3'2.5 mm2 MT194056 4526P2D11 0,7510 
HU194601 12 230/400 2" 4'70 mm2 + 1' 3'2.5 mm2 MT194066 4526P2D12 
HU194601 13 4151(719) 2* 4"25 mm2 + 1* 3.2.5 mm. MT194056 4526P2D11 0.7510 
HU194601 14 500/(865) 2* 4"25 mm= + 3'2.5 mm2 MT194056 4526P2D14 
HU194601A 
HU194601A 11 400/690 2* 4..25 mm2 + 1' 3'2.5 mm2 MT194056 4526P2D11 0.7510 
HU194601A 12 230/400 2* 4'70 mm2 + 1' 3'2.5 mm2 MT194066 4526P2D12 
HU194601A 13 415/(719) 2' 4'25 mm2 + 1* 3'2.5 mm2 MT194056 4526P2D11 0.7510 
HU194601A 14 5001(865) 2* 4'25 mm2 + 1* 3"2.5 mm' MT194056 4526P2D14 
HU194607 
HU194607 11 400/690 2' 4'185 mm2+ 1" 9*1.5 mm2 MT194303 8070P611 
HU194610 
HU194610 11 400/690 2* 5'10 mm2 MT194055 4521P4D11 
HU194610 12 2301400 2* 4*25 mm2+ 1* 3'2.5 mm2 MT194056 4521P4D12 
HU194610 13 415/(719) 2* 5*10 mm2 MT194055 4521P4D11 
HU194610 14 500/(865) 2* 5'10 mm2 MT194055 4521P4D14 
HU194610A 
HU194610A 11 4001690 2* 5*10 mm2 MT194055 4521P4D11 
HU194610A 12 230/400 2* 4'25 mm2+ 1* 3'2.5 mm2 MT194056 4521P4D12 
HU194610A 13 415/(719) 2* 5'10 mm2 MT194055 4521P4D11 
HU194610A 14 5001(865) 2* 5'10 mm2 M1194055 4521P4D14 
HU194611 
HU194611 11 400/690 2" 5.10 mm2 MT194055 4521P4D11 
HU194611 12 230/400 2* 4'25 mm2 + 1* 3'2.5 mm2 MT194056 4521P4D12 
HU194611 13 415/(719) 2" 5.10 mm2 MT194055 4521P4D11 
HU194611 14 500/(865) 2* 5*10 mm2 MT194055 4521P4D14 
HU194611A 
HU194611A 11 400/690 2* 5"10 mm2 MT194055 4521P4D11 
HU194611A 12 230/400 2* 4*25 mm2+ 1* 3*2.5 mm2 MT194056 4521P4D12 
HU194611A 13 415/(719) 2' 5'10 mm2 MT194055 4521P4D11 
HU194611A 14 500/(865) 2' 5-10 mm2 MT194055 4521P4014 
HU194644 
HU194644 11 380/660 1' 9'1.5 mm2 MT194074 LS132S1P211 2.0 
HU194644 12 220/380 1" 7*6 mm2 + 2'2.5 mm2 MT194051 LS132S1P212 0.75 
HU194644 13 415/(719) 1' 9'1.5 mm2 MT194074 LS132S1P211 2.0 
HU194644 14 500/(865) 1* 9*1.5 mm2 MT194074 LS132S1P214 3.2 
HU194645 
HU194645 11 380/660 1' 9'1.5 mm2 MT194074 LS132S1P211 2.0 
HU194645 12 220/380 1" 7'6 mm2 + 2'2.5 mm2 MT194051 LS132S1P212 0.75 
HU194645 13 415/(719) 1* 9*1.5 mm2 MT194074 LS132S1P211 2.0 
HU194645 14 500/(865) 1* 9'1.5 mm2 MT194074 LS132S1P214 3.2 
HU194661 
HU194661 11 380/660 1' 9'2.5 mm2 MT194052 LS132M2P211 1.2 
HU194661 12 220/380 1* 7*6 mm2 + 2'2.5 mm2 MT194051 LS132M2P212 0.45 
HU194661 13 415/(719) 1' 9'2.5 mm2 MT194052 LS132M2P211 1.2 
HU194661 14 500/(865) 1' 9'2.5 mm2 MT194052 LS132M2P214 
HU194662 
HU194662 11 380/660 1" 9`2.5 mm2 MT194052 LS132M2P211 1.2 
HU194662 12 220/380 1' 7*6 mm2 + 2*2.5 mm2 MT194051 LS132M2P212 0.45 
HU194662 13 415/(719) 1* 9*2.5 mm2 MT194052 LS132M2P211 1.2 
HU194662 14 500/(865) 1' 9'2.5 mm2 MT194052 LS132M2P214 
HU194664 
HU194664 11 400/690 2* 4*50 mm2 + 1* 3'2.5 mm2 MT194062 5026P2D11 0.022 
HU194664 13 415/(719) 2' 4'50 mm2 + 1* 3'2.5 mm2 MT194062 5026P2D11 0.022 
HU194664 14 500/(865) 2* 4'35 mm2 + 1* 3'2.5 mm2 MT194065 5026P2D14 
HU194664A 
HU194664A 11 400/690 2* 4'50 mm2+1* 3"2.5 mm2 MT194062 5026P2D11 0.022 
HU194664A 13 415/(719) 2' 4'50 mm2+ 1* 3*2.5 mm2 MT194062 5026P2D11 0.022 
HU194664A 14 500/(865) 2' 4'35 mm2+ 1' 3'2.5 mm2 MT194065 5026P2D14 
HUI 94665 
HU194665 11 400/690 2* 4*50 mm2+ 1' 32.5 mm2 MT194062 5026P2D11 0.022 
HU194665 13 415/(719) 2' 4'50 mm2+ 1* 3*2.5 mm2 MT194062 5026P2D11 0.022 
HU194665 14 500/(865) 2* 4"35 mm2+ 1* 3*2.5 mm2 MT194065 5026P2D14 
HU194665A 
HU194665A 11 400/690 2' 4'50 mm2+ 1* 3'2.5 mm2 MT194062 5026P2D11 0.022 
HU194665A 13 415/(719) 2* 4'50 mm2+ 1* 3'2.5 mm2 MT194062 5026P2D11 0.022 
HU194665A 14 500/(865) 2* 4*35 mm2 + 1" 3'2.5 mm2 MT194065 5026P2D14 
HU194693 
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HU194693 11 400/690 r 4'50 mm2 + 1* 3*2.5 mm2 MT194062 5034P3011 0.0612 
HU194693 13 4151(719) 4*50 mm2 + 1' 3*2.5 mm2 MT194062 5034P3D11 0.0612 
HU194693 14 5001(865) 2" 435 mm2 + 1' 3'2.5 mm2 MT194059 5034P3D14 
HU194693A 
HU194693A 11 400/690 2* 4*50 mm2 + 1* 3*2.5 mm2 MT194062 5034P3D11 0.0612 
HU194693A 13 4151(719) 2* 4'50 mm2 + 1* 3'2.5 mm2 MT194062 5034P3D11 0.0612 
HU194693A 14 500/(865) 2* 4*35 mma + 1* 3*2.5 mm2 MT194059 5034P3D14 
HU194694 
HU194694 11 400/690 r 450 mrre + 1.3'2.5 mm2 MT194062 5034P3D11 0.0612 
HU194694 13 4151(719) 2' 4'50 mmz + 1' 3'2.5 mm2 MT194062 5034P3D11 0.0612 
HU194694 14 500/(865) 2' 4'35 mm2 + 1* 1'2.5 mm' MT194059 5034P3D14 
HU194694A 
HU194694A 11 400/690 2' 4'50 mm2 + 1' 3'2.5 mm' MT194062 5034P3D11 0.0612 
HU194694A 13 415/(719) 2* 4*50 mm' + 1* 3*2.5 mm' MT194062 5034P3D11 0.0612 
HU194694A 14 500/(865) r 435 mm' + 1* 3*2.5 mm2 MT194059 5034P3D14 
HU194743 
HU194743 11 380/660 2.4' 70 mm' + 1* 91.5 mm' MT194115A 7142P711 
HU194788 
HU194788 11 380/660 1* 9*1.5 mm' MT194074 LS132S1P211 2.0 
HU194788 12 220/380 1' 7*6 mm2 + 2'2.5 mm2 MT194051 LS132S1P212 0.75 
HU194788 13 415/(719) 1" 9*1.5 mm2 MT194074 LS132S1P211 2.0 
HU194788 14 500/(865) 1* 9*1.5 mm2 MT194074 LS132S1P214 3.2 
HU194812 
HU194812 06 660 2* 4'240 mm2+ 1' 91.5 mm2 MT194819 8075P411 
HU194813 
HU194813 06 660 2* 4150 mm2+ 1* 9'1.5 mm' MT194820 8060P411 
HU194924 
HU194924 11 400/690 2' 470 mm2 + 1' 3*2.5 mm2 MT194060 5045P3011 0.040 
HU194924 13 415/(719) 2' 470 mm2 + 1' 3'2.5 mm2 MT194060 5045P3D11 0.040 
HU194924 14 500/(865) 2* 4*50 mm2 + 1* 3*2.5 mm2 MT194062 5045P3D14 
HU194925 
HU194925 11 400/690 r 470 mm2 + 1* 3'2.5 mm2 MT194060 5045P3D11 0.040 
HU194925 13 415/(719) 2* 470 mm2 + 1* 3*2.5 mm2 MT194060 5045P3D11 0.040 
HU194925 14 500/(865) 2* 4'50 mm2 + 1* 3'2.5 mm2 MT194062 5045P3D14 
HU195053 
HU195053 11 380/660 2* 4185 mm2+ 1* 9*1.5 mm2 MT195079 7163P511 
HU195070 
HU195070 11 400/690 2' 4'70 mm2 + 1' 3'2.5 mm2 MT194066 5030P2D11 0.0444 
HU195070 13 415/(719) r 470 mm2 + 1* 3*2.5 mm2 MT194066 5030P2D11 0.0444 
HU195070 14 500/(865) 2* 4*35 mrn2 + 1* 3*2.5 mm2 MT194059 5030P2D14 
HU195070A 
HU195070A 11 400/690 2* 470 mm2 + 1* 3'2.5 mm2 MT194066 5030P2D11 0.0444 
HU195070A 13 415/(719) 2* 4*70 mm2 + 1* 3*2.5 mm2 MT194066 5030P2D11 0.0444 
HU195070A 14 500/(865) 2' 435 mm2 + 1* 3*2.5 mm2 MT194059 5030P2D14 
HU195071 
HU195071 11 400/690 r 470 mm2 + 1* 3*2.5 mm2 MT194066 5030P2D11 0.0444 
HU195071 13 415/(719) r 470 mm2 + 1" 3.2.5 mm2 MT194066 5030P2D11 0.0444 
HU195071 14 500/(865) 2' 4'35 mm2 + 3`2.5 mm2 MT194059 5030P2D14 
HU195071A 
HU195071A 11 400/690 2* 4*70 mm2 + 1* 3'2.5 mm2 MT194066 5030P2D11 0.0444 
HU195071A 13 415/(719) 2* 470 mm2 + 1* 3*2.5 mm2 MT194066 5030P2D11 0.0444 
HU195071A 14 500/(865) 2' 4'35 mm2 + 1* 3'2.5 mm2 MT194059 5030P2D14 
HU195114 
HU195114 11 400/690 r 450 mm' + 1* 9'1.5 mm2 MT195120 6340P511 
HU195123 
HU195123 11 400/690 2* 4*95 mm2 + 1" 91.5 mm' MT195126 6347P411 
HU195129 
HU195129 11 400/690 2* 450 mm2 +1" 9*1.5 mm2 MT195126 6342P311 
HU195185 
HU195185 11 400/690 2' 4'25 mm2 + 1* 3`2.5 mm2 MT194056 4526P2D11 0.7510 
HU195185 12 230/400 2* 470 mm2 + 1* 3'2.5 mm2 MT194066 4526P2D12 
HU195185 13 415/(719) r 4'25 mm2 + 1* 3*2.5 mm2 MT194056 4526P2D11 0.7510 
HU195185 14 500/(865) 2* 425 mm2 + 1* 3..2.5 mm2 MT194056 4526P2D14 
HU195187B 
HU195187B 11 400/690 22 5'10 mm2 MT194081 LS18OLP2B11 0.4 
HU195187B 12 230/400 22 5'16 mm2 M1194053 LS180LP2B12 0.15 
HU195187B 13 415/(719) 2* 510 mm2 MT194081 LS1BOLP2B11 0.4 
HU195187B 14 500/(865) 1' 7*6 mm2 + 2'2.5 mm2 MT194054 LS180LP2B14 
HU195266 
HU195266 11 380/660 2* 4'120 mrn2 + 12 9'1.5 mm2 MT195378 3140P411 
HU195327 
HU195327 01 400 4'4150 + 171.5 + 4213. MT195364 8075P511 
HU195382 
HU195382 11 400/690 2* 4150 mm2 + 1' 91.5 mm2 MT195271 3156P611 
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HZ 
50 

I MOTOR VAR VOLTAGE LT 
D/Y (V) 

CABLE [ CONNECTOR I STATOR 
SET I PACKAGE 

I RESISTANCE 
I WITHOUT CABLE 

HU195418 
HU195418 06 660 
HU1954,56 

4* 4*95 mm2 + 1* 91.5 mm2 MT195422 

HU195456 11 400/690 2* 416 mm2 + 1* 3'2.5 mm2 MT194058 
HU195456 12 230/400 2* 435 mm2 + 1' 3*2.5 mm2 MT194059 
HU195456 13 415/(719) r 4.16 mm2 + 1' 32.5 mm2 MT194058 
HU195456 14 500/(865) 2* 510 mm2 MT194055 
HU195491 
HU195491 11 400/690 r 4'95 mm2 + 1' 32.5 mm2 Mu 94068 5040P2D11 0.0444 
HU195491 13 4151(719) r 4'95 mm2 + 1' 32.5 mm' MT194068 5040P2D11 0.0444 
HU195491 14 5001(865) r 4'70 mm' + 1* 3'2.5 mm2 MT194060 5040P2D14 
HU195492 
HU195492 11 400/690 r 4'95 mm2 + 1' 3'2.5 mm2 MT194068 5040P2D11 0.0444 
HU195492 13 415/(719) 2* 4*95 mm2 + 1* 3*2.5 mm2 MT194068 5040P2D11 0.0444 
HU195492 14 5001(865) 2* 470 mm2 + 1* 32.5 mm2 MT194060 5040P2D14 
HU195456 
HU195656 11 400/690 r 4'96 mm2 + 1 3.2.5 mm2 MT194058 4020P2D11 0.17 
HU195656 12 230/400 r 4'35 mm2 + 1* 3'2.5 mm2 MT194059 4020P2D12 
HU195656 13 4151(719) 2* 496 mm' + 1* 3'2.5 mm2 MT194058 4020P2D11 0.17 
HU195656 14 5001(865) 2* 590 mm2 MT194055 4020P2D14 
HU195523 
HU195523 11 400/690 2* 4'70 mm2 +1" 7'1.5 mm2 MT195140 5030P2D11 0.0444 
HU195584 
HU195584 11 400/690 4'4120 mm2+ 1' 9'1.5 mm2 MT195432 8060P411 
HU195646 
HU195646 11 400/690 2' 495 mm2 + 1* 9'1.5 mm2 MT195126 3156P1011 
HU195659 
HU195659 11 400/690 4920 mm2 M1195378 8060P611 
HU195675 
HU195675 11 400/690 r 4.70rnm2 + 1* 32.5mm2 MT194060 5045P3311 0.0400 
HU195675 13 415/(719) 2* 470mm2 + 1* 3"2.5mm2 MT194060 5045P3D11 0.0400 
HU195675 14 500/(865) 2* 4*50mm2+ 1* 3"2.5mm2 MT194062 5045P3D14 
HU195736 
HU195736 11 400/690 r 4'70 mm2 + 1* 3'2.5 mm2 MT194060 5045P3D11 0.0400 
HU195736 13 415/(719) 2' 4*70 mm2+ 1* 3'2.5 mm2 MT194060 5045P3D11 0.0400 
HU195736 14 500/(865) 2* 450 mm2 + 1' 3'2.5 mm2 MT194062 5045P3D14 
HU195737 
HU195737 11 400/690 r 4'70 mm2 + i 3.2.5 mm2 MT194060 5045P3D11 0.0400 
HU195737 13 415/(719) 2' 4 *70 mm2 + 1* 3'2.5 mm2 MT194060 5045P3D11 0.0400 
HU195737 14 500/(865) 2" 4`50 mm2 + 1* 3'2.5 mm2 MT194062 5045P3D14 
HU195762 
HU195762 11 400/690 2' 4"70mm2 + 1' 3'2.5 mm2 MT194060 5045P3D11 0.0400 
HU195808 
HU195808 11 380/660 1* 92.5 mm2 MT194052 LS132M2P211 1.2 
HU195826 
HU195826 11 400/690 2* 4.'95 mm2 + 1* 5'1.5 mm2 MT194232 5040P2D11 0.0444 
HU195826 13 415/(719) 2* 4'95 mm2 + 1* 5'1.5 mm2 MT194232 5040P2D11 0.0444 
HU195850 
HU195850 11 400/690 r 4950 mm2 + 1" 99.5 mm2 MT195271 LS132M2P211 1.2 
HU195850 13 415/(719) 2* 4150 mm2 + i* 99.5 mm2 MT195271 LS132M2P211 1.2 
HU195873 
HU195873 11 400/690 2* 510 mm2 MT194081 LS180LP1811 0.4 
HU195873 12 230/400 2* 5'16 mm2 MT194053 LS180LP1B12 0.15 
HU195873 13 415/(719) 2* 590 mm2 MT194081 LS180LP1B11 0.4 
HU195873 14 500/(865) 1* 7'6 mm2 + 2*2.5 mm2 MT194054 LS180LP1B14 
HU195950 
HU195950 11 400/690 2* 416 mm2 + 1* 32.5 mm2 MT194058 4025P2D11 0.176 
HU195950 12 230/400 2* 4'35 mm2 + 1' 3.2.5 mm2 MT194059 4025P2D12 0.062 
HU195950 13 415/(719) 2* 4.16 mm2 + 1* 3*2.5 mm2 MT194058 4025P2D11 0.213 
HU195950 14 5001(865) 2* 590 mm2 MT194055 4025P2D14 0.299 
HU195951 
HU195951 11 400/690 2* 416 mm2 + 1* 32.5 mm2 MT194058 4025P2D11 0.176 
HU195951 12 230/400 r 435 mm2 + 1* 3*2.5 mm2 MT194059 4025P2D12 0.062 
HU195951 13 415/(719) 2' 496 mm2 + 1* 3'2.5 mm2 MT194058 4025P2D11 0.213 
HU195951 14 500/(865) r 5.10 mm2 MT194055 4025P2D14 0.299 

8075P406 

4020P2D11 
4020P2D12 
4020P2D11 
4020P2D14 

0.176 
0.062 
0.213 
0.299 
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Notice 

This reference is unavailable in the 3B Repair Manual. Please contact 
SARLIN for further information. 
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