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FOREWORD

The intent of Design Standards is to specify requirements that assure effective design and delivery of fit for purpose Water Corporation infrastructure assets for best whole-of-life value with least risk to Corporation service standards and safety. Design standards are also intended to promote uniformity of approach by asset designers, drafters and constructors to the design, construction, commissioning and delivery of water infrastructure and to the compatibility of new infrastructure with existing like infrastructure.

Design Standards draw on the asset design, management and field operational experience gained and documented by the Corporation and by the water industry generally over time. They are intended for application by Corporation staff, designers, constructors and land developers to the planning, design, construction and commissioning of Corporation infrastructure including water services provided by land developers for takeover by the Corporation.

Nothing in this Design Standard diminishes the responsibility of designers and constructors for applying the requirements of the Western Australia's Work Health and Safety (General) Regulations 2022 to the delivery of Corporation assets. Information on these statutory requirements may be viewed at the following web site location: 

Overview of Western Australia’s Work Health and Safety (General) Regulations 2022 (dmirs.wa.gov.au)
Enquiries relating to the technical content of a Design Standard should be directed to the Senior Principal Engineer, Electrical Section, Engineering. Future Design Standard changes, if any, will be issued to registered Design Standard users as and when published.
Head of Engineering
This document is prepared without the assumption of a duty of care by the Water Corporation.  The document is not intended to be nor should it be relied on as a substitute for professional engineering design expertise or any other professional advice.

It is the responsibility of the user to ensure they are using the current version of this document.

© Copyright – Water Corporation: This standard and software is copyright.  With the exception of use permitted by the Copyright Act 1968, no part may be reproduced without the written permission of the Water Corporation.

DISCLAIMER

Water Corporation accepts no liability for any loss or damage that arises from anything in the Standards/Specifications including any loss or damage that may arise due to the errors and omissions of any person. Any person or entity which relies upon the Standards/Specifications from the Water Corporation website does so that their own risk and without any right of recourse to the Water Corporation, including, but not limited to, using the Standards/Specification for works other than for or on behalf of the Water Corporation.

The Water Corporation shall not be responsible, nor liable, to any person or entity for any loss or damage suffered as a consequence of the unlawful use of, or reference to, the Standards/Specifications, including but not limited to the use of any part of the Standards/Specification without first obtaining prior express written permission from the CEO of the Water Corporation.

Any interpretation of anything in the Standards/Specifications that deviates from specific Water Corporation Project requirements must be referred to, and resolved by, reference to and for determination by the Water Corporation’s project manager and/or designer for that particular Project.
REVISION STATUS

The revision status of this standard is shown section by section below. It is important to note that the latest revisions including additions, deletions and changes to this version of the standard are also identified by the use of a vertical line in the left hand margin, adjacent to the revised section.
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1 GENERAL
This Specification covers the requirements for the design, manufacture, assembly, factory testing and delivery of one or more Low Voltage cage type induction motors in the power range 1.1 kW to 150 kW, as detailed hereunder and in the attached Annexure.
2 SITE CONDITIONS
The motors shall be suitable for installation either indoors or outdoors in direct sunlight.
2.1 Temperature Range

The shade temperature may vary from –5oC to 60oC.

2.2 Humidity

The maximum monthly average index of mean relative humidity may vary up to 85%.

2.3 Atmosphere

The atmospheric conditions may vary from clear to polluted and may have a high degree of airborne salt and/or fine dust.

2.4 Altitude

The altitude can be considered to be less than 1000m above sea level.

3 STANDARDS
The workmanship, equipment, and materials provided in accordance with this Specification shall comply in design, construction, rating and performance with the current relevant Australian Standards and Codes.

In their absence compliance shall be with the relevant International Standards together with the requirements of competent Authorities having jurisdiction over all or any part of the design, manufacture, installation and operation of the equipment.

Except where specified otherwise in this Specification, the motor shall comply with the requirements of AS 60034.1.

Specific reference is made within this Specification to the following Australian and International Standards.

AS 1359.30
Rotating electrical machines - General Requirements - Preferred outputs and frame sizes
AS 1359.102.1
Rotating electrical machines - Methods of determining losses and efficiency - General

AS 1359.114 
Rotating electrical machines - Vibration measurement and limits

AS 2312  
Guide to the protection of iron and steel against exterior atmospheric corrosion

AS 2729 
Roller bearings - Dynamic load rating life - Calculation methods 

AS 60034.1  
Rotating electrical machines - Rating and performance 

AS 60034.5
Rotating electrical machines - Degrees of protection provided by the integral design of rotating electrical machines (IP Code)

AS 60034.7
Rotating electrical machines - Classification of types of construction, mounting, arrangements and terminal position (IM Code) 

AS 60034.8  
Rotating electrical machines - Terminal markings and direction of rotation

AS 60034.9  
Rotating electrical machines - Noise limits

AS 60947.8   
Low voltage switchgear and controlgear - Control units for built-in thermal protection (PTC) for rotating electrical machines

AS/NZS ISO 9001 
Quality management systems - Requirements 
IEC 60034-2-1
Rotating electrical machines - Part 2-1: Standard methods for determining losses and efficiency from tests (excluding machines for traction vehicles)

IEC 60034-6          
    Rotating electrical machines - Part 6: Methods of cooling (IC Code)

IEC 60034-18 
Rotating electrical machines - Functional evaluation of insulating systems

IEC 60034-25 
     Rotating electrical machines - guidelines for the design and performance of A.C. motors specifically designed for converter supply.

IEC 60034-30-1 
     Rotating electrical machines – Part 30-1: Efficiency classes of line operated AC      motors (IE code).
IEC 60072-1  
Dimensions and output series for rotating electrical machines- Frame numbers 56 to 400 and flange numbers 55 to 1080

IEC 60085
Electrical insulation - Thermal evaluation and designation

ISO 9223 
Corrosion of metals and alloys - Corrosivity of atmospheres - Classification, determination and estimation
4 QUALITY ASSURANCE
Motors shall be manufactured under a Quality System certified by an Accredited Authority to be in accordance with AS/NZS ISO 9001 or an approved equivalent.

5 POWER SUPPLY TO MOTOR
5.1 Type of Supply

The motors shall be suitable both for operation at mains frequency and for operation from converter supply as required.

5.2 Operation at Mains Frequency 

The motors shall be rated for operation from a 3 phase 4 wire 415/240 volt +10 % 50 Hz power supply having a solidly grounded neutral and a phase sequence of RWB.

5.3 Operation at Varying Frequencies

In addition, the motors shall be rated for operation from a 3 phase variable voltage variable frequency supply having a phase sequence of RWB and with the power drive system earthed at the associated Low Voltage supply transformer star connected winding neutral point.

The motor ratings shall be on the basis that converter frequency will not exceed the motor’s rated nominal frequency.

When used in this mode the load maximum power requirements will be limited to not more than 95 % of the motor’s sine wave rated power output.

5.4 Motor Starting

The motors shall be suitable for connection to the mains supply via both direct on line starting and reduced voltage starting.

Such reduced voltage starting may be auto transformer starting type or electronic soft starting.

6 MOTOR TYPE
(a) The motors shall be a cage induction motor having ratings and performance in accordance with AS 60034.1.

(b) Unless specified otherwise in the Annexure, the motor stators shall be delta connected.
7 DUTY NOMINAL FREQUENCY AND POWER RATING
(a) The duty rating of all motors shall be S1 in accordance with AS 60034.1, i.e. continuously rated.

(b) The motors shall be rated for operation in an ambient temperature of 40oC, but shall be capable of operating in higher ambient temperatures if derated by: 

(i) 0.97 at 45oC. 

(ii) 0.93 at 50oC,

(iii) 0.90 at 55oC, and  

(iv) 0.86 at 60oC

(c) The motors shall be designed for a nominal frequency of 50 Hz or 60 Hz as specified in the Annexure.

(d) Each motor shall have a maximum power output rating at the nominal frequency as shown in the Annexure.  These ratings shall be at the above duty rating and shall be under the specified operating conditions.
8 TORQUE VERSUS SPEED CHARACTERISTICS

(a) Unless specified otherwise in the Annexure, each motor shall be suitable for driving a load with a rising quadratic torque versus speed characteristic, e.g. centrifugal pump.

(b) If the motor is rated not greater than 90 kW the motor torque versus speed characteristic shall be such that 

(i) locked rotor torque is not less than 130 % full load torque

(ii) pull up torque is not less than 110 % full load torque

(iii) break down torque is not less than 230 % full load torque

(c)
If the motor is rated greater than 90 kW, the minimum values of locked rotor torque, pull up torque and breakdown torque shall be a specified in the Annexure.

9 EFFICIENCY AND POWER FACTOR

Motors shall be high efficiency motors having minimum efficiencies in accordance with the efficiency values IE2 shown in IEC 60034-30-1 Table 5, such efficiencies having been determined at full rated load by the summation of losses method as described in IEC 60034-2-1 (Method 2-1-1B).
The power factor at full rated load of motors with outputs in the range of 1.5 kW to 4kW inclusive shall be not less than 0.7 per unit.  

The power factor at full rated load of motors with outputs in the range of 5.5 kW to 22 kW inclusive shall be not less than 0.80 per unit.

The power factor at full rated load of motors with outputs in the range of 30 kW to 132 kW inclusive shall be not less than 0.85 per unit.

10 SYNCHRONOUS SPEED

Each motor’s synchronous speed at the specified frequency shall be as specified in the Annexure.

11 DIRECTION OF ROTATION 

Each motor’s direction of rotation in accordance with AS 60034.8 shall be a specified in the Annexure.

If a unidirectional fan is fitted, the direction of rotation shall be indicated clearly by an arrow fitted permanently onto the casing.

12 TYPE OF COOLING (IC CODE) 
The type cooling for all motors shall be category IC4A11 in accordance with IEC 60034-6, i.e. air as primary coolant circulated with a motor shaft driven fan from, and back to, the surrounding air.

Motor fans shall be bi-directional where practical. 

13 ENCLOSURE (IP CODE) 

The motors shall be of totally enclosed construction and shall be protected to AS 60034.5 classification IP56. 

14 FRAME SIZES AND DIMENSIONS

The motor frame sizes shall be in accordance with AS 1359.30 Table 5.  The motor dimensions shall be in accordance with IEC 60072.1.
15 TYPE OF CONSTRUCTION AND MOUNTING
(IM CODE)

Motor type of construction and mounting shall be of the AS 60034.7 classification specified in the Annexure and shall be one of the following:

(a) Classification IM 1001, i.e. foot mounted with horizontal shaft
(b) Classification IM 3011, i.e. flange mounted with vertical shaft
(c) Classification IM 2001, i.e. foot and flange mounted with horizontal shaft

(d) Classification IM 2011, i.e. foot and flange mounted with vertical shaft
16 NOISE EMISSION

The sound power level emitted by each motor operating from a sinusoidal wave form power supply shall be at least 12 dB(A) below the relevant value quoted in Table 2 of AS 60034.9.
17 VIBRATION LEVEL 

Each motor shall be designed and constructed so that with a half key fitted the vibration severity level shall not exceed the vibration grade N over the frequency range 10 Hz to 1 kHz in accordance with AS 1359.114.
18 MOTOR TERMINAL BOX

Unless specified otherwise in the Annexure, motor terminal boxes shall be located on the right hand side of the motor when viewed from the drive end.

A suitable earthing terminal shall be provided within each motor terminal box.
19 WINDINGS

19.1 General 

The motor windings shall:

(a) be designed to have an even temperature distribution free from hot spots

(b) be suitably braced to provide adequate rigidity under short circuit and starting conditions

(c) be vacuum impregnated with suitable insulating varnish to render them damp proof and oil resistant
19.2 Insulation Class

The winding insulation system shall have been developed on the basis of functional evaluation in accordance with IEC 60034.18

The winding insulation shall be not less than IEC 60085 class F.

19.3 Winding Temperature Rise 

The winding temperature rise at maximum power output rating shall not exceed the temperature rise limits specified in AS 60034.1 for IEC 60085 class B insulation.

19.4 Winding Impulse Voltage Rating

The winding impulse voltage rating of motors shall be not less than the values specified in Figure 40 of IEC TS 60034-25, line A for typical electrical machines.
20 BEARINGS

a. The driven load will be a non-radial load connected via “pin and bush” couplings.

b. Bearings shall be of the rolling bearing type providing radial and axial positioning of the rotor and shall have a nominal life rating of 60,000 hours in accordance with AS 2729.  The bearing system of motors with vertical shafts shall be capable of carrying an axial thrust equivalent to not less than twice the weight of the rotor.  For motors with horizontal shafts, the bearing system shall be capable of carrying sufficient axial thrust to allow the motor to run disconnected from the load.

c. The bearing housing shall be fitted with a grease nipple and a pressure relief grease valve.  The bearing shall be lubricated with a lithium based mineral oil grease of the type “Shell Alvania EPLF2” or equivalent.
d. Alternatively to (c) above, for motors not greater than frame 160L, sealed bearings rated for 60,000 hours life may be used.

e. All motors greater than frame 250M shall be fitted with insulated non-drive end bearings.

21 THERMISTOR PROTECTION

All motors specified in the Annexure to be provided with thermistor protection shall have a thermistor embedded into each of the three stator windings.  Thermistors shall be of the PTC type and shall be in accordance with the requirements of AS 60947.8.  The thermistors shall be connected in series and shall be chosen to have a trip value of 1000 ohm each (total loop resistance of 3000 ohm) at the trip temperature which shall be equal to the rated temperature of the minimum class of insulation used in the motor.

Thermistor connections shall be brought out to terminals in the main terminal box or in a separate terminal box.

Thermistors shall be embedded in the windings during the coil winding process at the factory and shall not be fitted after the motor has been completed in other respects.

22 LIFTING EYES

Motors shall be supplied with lifting eyes to enable each motor to be lifted by an overhead crane.  The lifting eye shall be suitably rated for the mass of the fully assembled motor.

23 PAINT FINISH

A paint finish which is rated in accordance with AS 2312 (and ISO 9223) to provide Long Term Protection to steel in industrial environments shall be applied to the motor.

24 SERIAL NUMBERS

Each motor shall be supplied with a unique serial number stamped on the motor nameplate.

25 NAMEPLATES

Each motor shall be fitted with the following stainless steel nameplates:

(a) Rating plate in accordance with AS 60034.1.

(b) Thermistor data plate in accordance with AS 60947.8 including:
Manufacturer
Type number
Tripping temperature (oC)
Resistance of each thermistor at the tripping temperature
Number of thermistors embedded per winding

26 TYPE TESTS

26.1 General

Type tests shall be defined as performance tests taken on the first machine of a particular type of design to determine the characteristics of the machine and to verify conformance with its specifications.

26.2 Thermal Performance 

The design of each type of motor shall have been subjected to thermal performance type tests in accordance with the requirements of AS 60034.1. 

Such tests shall include:

(a) Winding resistance measurement

(b) Winding temperature rise

(c) Bearing temperature rise

26.2 Efficiency 

Each type of motor shall have been subjected to efficiency type tests by the summation of losses method in accordance with AS 1359.102.1. 

Such efficiency type tests shall have been carried out at 50 % rated load, 75 % rated load and 100 % rated load. 

26.3 Noise Emission 

The design of each type pf motor shall have been subjected to noise emission type tests in accordance with the requirements of AS 60034.9.

26.4 Vibration

The design of each type motor shall have been subjected to vibration performance type tests in accordance with the requirements of AS 1359.114

26.5 Other Specified Parameters

The design of each type of motor shall have been subjected to type tests to verify conformance with its specifications in respect to:

(a) Locked rotor current

(b) Locked rotor torque

(c) Pull up torque

(d) Breakdown torque

(e) Full load torque

(f) Full load speed

(g) Full load power factor

(h) Full load current

26.6 Type Test Certificate 

The motor shall be provided with a type test certificate certifying that the particular motor had been successfully type tested in accordance with AS 60034.1

27 ROUTINE TESTS

27.1 General

Routine tests shall be defined as factory tests to which each individual motor is subjected during or after manufacture to ascertain whether it complies with certain criteria. 

27.2 Criteria to be Routine Tested

The motor shall be subjected to routine tests in accordance with AS 60034.1 to verify conformance with its specifications in respect to:

(a) Winding resistance

(b) No load current

(c) No load losses

(d) Direction of rotation

(e) Voltage withstand test

27.3 Routine Test Certificates 

Each motor shall be provided with a routine test certificate certifying that the particular motor had been successfully routine tested in accordance with AS 60034.1.

28 DELIVERY

Delivery instructions shall be a detailed in the Annexure.
Annexure to Specification

for

Standard Cage Induction Motors

A1.
Motor Type 1:

(a)
S1 rated output kW 



(b)
Number of motors of this type required



(c)

Stator winding connection (Clause 6 (b))



(d)

Rated frequency

 Hz

(e)

Load torque vs speed characteristic (clause 8(a))


(f)

For motors > 90 kW (clause 9(c))





Locked rotor torque 

 % FLT



Pull up torque

 % FLT



Breakdown torque

 % FLT

(g)

Direction of rotation as per AS 60034.8



(h)

Synchronous speed

 rpm

(i)

Type of construction and mounting as per 


AS 60034.7 (IM Code) 



(j)

Terminal box position (clause 18) 



(k)

Thermistor protection (required or not)


(l)

Motor Efficiency Rating 

IE  
(m)

Delivery instructions 



Note to Specifier:  Provide above information for each of the motor types required.
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