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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 Principal Engineer, Electrical Section, Infrastructure Design Branch. Future Design Standard changes, if any, will be issued to registered Design Standard users as and when published.

Manager, Infrastructure Design Branch
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.

Users should use and reference 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

This Standard is intended solely for application to the acquisition of water infrastructure in Operating Areas in Western Australia where the Water Corporation has been licensed to provide water services subject to the terms and conditions of its Operating License.

This Standard is provided for use only by a suitably qualified professional design engineer who shall apply the skill, knowledge and experience necessary to understand the risks involved and undertake all infrastructure design and installation specification preparation work.

Any interpretation of anything in this Standard that deviates from the requirements specified in the project design drawings and construction specifications shall be resolved by reference to and determination by the design engineer.

The Corporation accepts no liability for any loss or damage that arises from anything in the Standard including loss or damage that may arise due to the errors and omissions of any person.
REVISION STATUS
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1 GENERAL
This Specification covers the requirements for the design, manufacture, assembly, factory testing and delivery of a rheostatic rotor starter for a slip ring induction motor.

The rheostatic rotor starter shall be supplied to site complete and shall include all necessary accessories and miscellaneous material, minor parts and other such items to complete assembly, testing and commissioning of the rheostatic rotor starter. 

The connection of the rheostatic rotor starter will be carried out by others after any on site assembly and positioning has been completed by the Contractor. The Contractor shall return to the site to commission the rheostatic rotor starter once connection of the rheostatic rotor starter is complete.
2 SITE
The location of and access to the site for the installation of the rheostatic rotor starter shall be as shown in the Annexure.

3 OPERATING MODE
The rheostatic rotor starter shall be suitable for starting a slip ring induction motor operating in the mode shown in the Annexure. 

The rheostatic rotor starter shall be matched to a slip ring induction motor and associated load both having the characteristics specified in the Annexure to limit the motor starting current to the maximum value specified in the Annexure. 

4 DESIGN CALCULATIONS
On the basis of the required operating mode and motor characteristics provided in the Annexure the Contractor shall carry out calculations to determine: 

(a) the resistance of each rheostatic resistor, 

(b) the time setting for each starter stage, 

(c) the resistor bank thermal energy storage capacity, and

(d) the resistor bank temperature rise for the specified duty. 

Such calculations shall take account of the supply system impedance specified in the Annexure and shall be submitted to the Principal for approval in accordance with clause 8.
5 AMBIENT CONDITIONS
The rheostatic rotor starter shall be suitable for operation in the specified operating mode under the ambient condition specified in the Annexure. 

6 INFORMATION TO BE PROVIDED BY THE PRINCIPAL
If motor exact equivalent circuit values are not provided in the Annexure, the Principal will provide same within 28 days after the date of order. 

7 WORK BY THE PRINCIPAL
The work to be performed by the Principal shall be as specified in the Annexure. 

8 INFORMATION TO BE PROVIDED BY THE CONTRACTOR
The Contractor shall provide the following information in respect to the rheostatic rotor starter within the listed number of days after the receipt of the Principal's order. 

(e) General Arrangement Drawings







      28 days

(f) Starting torque versus speed curve

14 days after supply of equivalent circuit values

(g) Starting current versus speed curve

14 days after supply of equivalent circuit values

(h) Electrical Wiring and Schematic Drawings






      28 days

(i) Manufacture and Delivery Schedule







      14 days

(j) Inspection and Test Plan




   




      42 days

(k) Test Certificates









          On delivery

(l) Operating and Maintenance Manual







On delivery

9 DRAWINGS
The Contractor shall submit two A3 copies of the Drawings for acceptance. The drawings shall detail the general arrangement, circuit diagrams (power and control) and equipment specifications. 

All drawings provided by the Contractor shall be in accordance with the latest edition of the relevant Australian Standards and shall be available in electronic format. 

Adequate contrast shall be maintained between drawing detail and background, and the clarity and quality of the drawings shall enable the Principal to microfilm the prints and to reproduce by photographic processes clear and legible A3 copies for record purposes. 

The drawings shall provide, in the title block, the number and the title of the Contract, as well as details to identify the drawing, its contents, revision status and date of issue. 

10 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, the equipment shall comply with relevant International Standards together with the requirements of competent Authorities having jurisdiction over all or part of the design, manufacture, installation and operation of the equipment. 

The equipment shall be in accordance with the requirements of AS 3000 and with the requirements of this Specification. 

Except as specified otherwise in the Specification the equipment shall comply also with the requirements of AS 60947.4.1.

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

AS 1767.1

Insulating Liquids - Specification for Unused Mineral Oils for Transformers and Switchgear (IEC 60296 modified)
AS 60529

Degrees of Protection Provided by Enclosures for (IP Code) (IEC 60529 identical)
AS 3000

Electrical Installations

AS 60947.4.1
Low Voltage Switchgear and Control Gear - Contactors and Starters - Electromechanical Contactors and Motor Starters (IEC 6097.4.1 identical)
AS/NZS ISO 9001 Quality Management Systems - Requirements

11 QUALITY ASSURANCE
The rheostatic rotor starter 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. 

12 ELECTRICAL WORK
All electrical work shall be performed by appropriately qualified and experienced personnel who shall hold a current electrical worker's license to perform such work. 

13 CONTROL CIRCUIT
The rheostatic rotor starter shall be controlled automatically and the control circuit shall be in accordance with that shown on Water Corporation Drawing FSOO-7-1 except that the number of steps shall be determined by the Contractor. 
The rheostatic rotor starter control switchgear shall be air insulated and shall be mounted in the same overall enclosure as the associated rheostatic resistors. 

14 DUTY
The rheostatic rotor starter shall be rated in accordance with AS/NZS 60947.4.1 Intermittent Duty Class 3. 

15 UTILISATION CATEGORY
The rheostatic rotor starter shall be rated in accordance with AS/NZS 60947.4.1 Utilisation Category AC-2. 

16 LOAD TORQUE VERSUS SPEED CHARACTERISTIC
For the purposes of calculating starting resistor sizes the load torque speed characteristic shall be taken to be either constant or quadratic as specified in the Annexure. 

If specified as constant, the torque shall be taken to be load full speed torque over the whole speed range from standstill to full load operating speed. 

If specified as quadratic, the torque at standstill shall be taken to be 20% load full speed torque, falling linearly with speed to 9% load full speed torque at 30% full load operating speed, and rising from that point as the square of the speed up until full load operating speed. 

17 VOLTAGE RATINGS
The voltage rating of the rheostatic rotor starter main rotor circuit shall be not less than 1500 volts if the motor rating specified in the Annexure is not greater than 900 kW. Otherwise the voltage rating of the rheostatic rotor starter main rotor circuit shall be not less than 2000 volts. 

The rheostatic rotor starter control voltages shall be as shown on Water Corporation Drawing FS00-7-1. 

18 COOLING
The primary coolant for the rheostatic rotor starter resistors shall be uninhibited mineral insulating oil complying with the requirements of AS 1767 Classes I and II (e.g. Shell Diala Oil M). 

The starter shall be supplied to the site with the resistor oil chamber empty of insulating oil which shall be supplied separately. 

The secondary coolant for the rheostatic rotor starter shall be free air, or water as specified in the Annexure. 

19 THERMAL CAPACITY
The rheostatic rotor starter shall have a thermal capacity sufficient to permit 2 consecutive starts from cold and shall be not less than the minimum thermal capacity specified in the Annexure. 

20 RESISTOR MATERIAL
Resistors shall be of the cast iron type. 

21 ENCLOSURE
The rheostatic rotor starter enclosure shall be floor mounted with a degree of protection of not less than IP54 in accordance with AS 60529. 

Access and cable entry requirements shall be as specified in the Annexure. 

22 MISCELLANEOUS FITTINGS
The rheostatic rotor starter shall be supplied with: 

(m) indicating lights as indicated on the standard control circuit,

(n) a thermostat with a normally closed output contact to provide an oil over temperature warning, 

(o) a thermostat with a normally closed output contact to provide an oil over temperature fault trip, 

(p) an oil level indicator, 

(q) a pressure relief valve in the air chamber of the oil tank. 

(r) oil chamber drain plug. 

(s) 125mm high mounting base plate made from hot dip galvanised steel.

23 ACCESS
Access to all electrical parts and connections shall be protected by bolted covers. 

24 CORROSION PROTECTION
All metallic parts shall be provided with appropriate corrosion protection either by metallic plating or by paint finishes. 

The rheostatic rotor starter enclosure shall be provided with a gloss paint finish providing medium term protection in accordance with AS 2312 to ISO 9223 Cat. 3 (industrial and marine) environments. 

25 WORKS TESTS
25.1 Type Tests 

The rheostatic rotor shall have been type tested in accordance with the requirements of AS 60947.4.1 and the Contractor shall provide the Principal with certified test certificates including actual test results.

25.2 Routine Tests 

The rheostatic rotor shall be submitted to routine tests as detailed hereunder and the Contractor shall provide the Principal with certified test certificates including the actual test results. 

(t) dielectric test in accordance with the requirements of AS 60947.4.1
(u) measurement of starting resistance stage by stage 

(v) verification of correct operation

26 DELIVERY AND INSTALLATION
The Contractor shall deliver, unload, unpack and assemble as necessary the complete rheostatic rotor starter at the site. 

The Contractor shall inspect the unpacked rheostatic rotor starter and shall ensure that the rheostatic rotor starter is undamaged. 

The Contractor shall give the Principal seven days notice of when the rheostatic rotor starter will be ready for installation. The Contractor shall install the rheostatic rotor starter in its permanent position ready for connection by others. 

27 ON SITE TESTING
Before the Contractor makes the rheostatic rotor starter available to the Principal for connection to the motor and the electrical system, the Contractor shall carry out insulation resistance tests on the main resistor circuit and the control circuit at a D.C. potential of not less than twice the A.C. voltage rating of the circuit concerned. 

The Contractor shall also carry out a main circuit series resistance check to verify that the resistors fitted are in accordance with the approved design. 

Once the rheostatic rotor starter has been connected, the Contractor shall commission the rheostatic rotor starter in association with the Principal and the vendor responsible for the supply and installation of the associated motor. 

Commissioning tests shall include operation of the rheostatic rotor starter in conjunction with the motor and its associated load. During such tests the following shall he recorded: 

(w) a plot of the motor starting current cycle by cycle against time over the entire starting period, 

(x) the temperature rise of the cooling oil, and

(y) the temperature of the cooling water if the secondary coolant is water. The Contractor shall supply all equipment, materials and labour for such testing and commissioning of the rheostatic rotor starter. 

The Contractor shall make the results of commissioning tests available to the Principal within 7 days of the completion of such tests. 

28 AS CONSTRUCTED INFORMATION
The Contractor shall provide as-constructed information on all drawings.

As-constructed drawings shall be provided in an electronic form with A3 size hard copies. 

29 MANUALS
The Contractor shall supply 3 copies of comprehensive instruction manuals, written in English and covering the complete operation and maintenance requirements of all equipment supplied under the Contract. 

The manuals shall be printed on high grade A4 size paper and shall be bound in a high grade A4 size loose leaf binder. 

Information included in the manuals shall include: 

(z) operating instructions,

(aa) safety instructions and warnings,

(ab) maintenance instructions and schedules,

(ac) recommended spare parts and special tool list,

(ad) as constructed drawings,

(ae) detailed equipment performance specifications, and

(af) test reports and test certificates.

30 TECHNICAL SUPPORT
The Contractor shall maintain an adequate level of technical support within Australia. 

Annexure to Specification

For

Rheostatic Rotor Starter

Project:  

……………………………………………………………………….




………………………………………………………………………

Site Location: 
………………………………………………………………………




………………………………………………………………………




……………………………………………………………………….


Type of Access to Site:………………………………………………………………...




…………………………………………………………………….…




…………………………………………………………………….…
Work by the Principal: …………………………………………………………….…




……………………………………………………………………….




………………………………………………………………………


Operating Environment


Maximum ambient air temperature 

 ………………………………..………….. oC


Minimum ambient air temperature

 …………………………………..……….. oC


Maximum ambient air relative humidity
 …………………………………………….
oC


Ambient air borne contaminants

 …………………………………………….









……………………………………………..









………………………………………….….









………………………………………….….

Annexure to Specification

For

Rheostatic Rotor Starter

Operating Mode


Maximum allowable motor starting current 
…………..
 % motor full load current

Driven Load Characteristics


Type of load (i.e. pump, fan etc)  ……………………………………………………



Torque vs speed characteristic (i.e. constant or quadratic)…………………………. 



Load rotating element moment of inertia ……………………………..…........ kg *m2
Power Supply to the Motor


Motor phase to phase supply voltage
……………………………………volts at 50 Hz


Source impedance at motor terminals
…………..
 + ……….
j ohm at above voltage

Motor Characteristics


Motor rated power output at S1 Duty
…………………………………………………kW


Motor rated full load speed

 ……………………………………………....r.p.m.


Motor rated secondary voltage 

………………………………………………...volts


Motor rated secondary current

 ………………………………………………...amp


Motor rotor moment of inertia

 ……………………………………………….kg*m2
Annexure to Specification

For

Rheostatic Rotor Starter

Motor Equivalent Star Exact Equivalent Circuit Values (referred to the stator)


Stator resistance

 ……………………………………………………….ohm


Stator reactance

 ……………………………………………………….ohm


Magnetising conductance…………………………………………………...siemens


Magnetising susceptance
 ……………………………………………………siemens


Stator to rotor turns ratio
……………………………………………………………..



Rotor resistance

 ………………………………………………….…….ohm


Rotor reactance 

………………………………………………….……. ohm

Starter Characteristics


Minimum required thermal capacity

………………………………………
 kJ


Secondary coolant (i.e. air or water)

…………………………………………


If water cooled, cooling water composition:



Sodium ………………….
 mg/l

Potassium ………………….. mg/l



Magnesium
………………….. mg/l

Calcium ……………………..mg/l



Bicarbonate
………………….. mg/l

Sulphate……………………...mg/l



Chloride
………………….. mg/l

Nitrate ………………………..mg/l



Carbonate
………………….. mg/l

Silica………………………… mg/l



Total Soluble Salts ………….
mg/l

Iron
………………………… mg/l



Total Hardness ……………
 mg/l



Alkalinity (as CaCO3)…….
 mg/l

pH 
……………………………..
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