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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 (Power) Section, Engineering. Future Design Standard changes, if any, will be issued to registered Design Standard users as and when published.

Manager, 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.

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.
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1 GENERAL
(a) This Specification covers the requirements for the design, manufacture, assembly, factory testing and delivery of a variable speed controller for a Low Voltage cage induction motor in the range 5.5kW to 110kW.

(b) The variable speed controller shall consist of an input reactor, converter/inverter, control circuitry, all necessary filters, cooling equipment, all enclosed and mounted on a common frame except that the input reactor (if necessary) may be separately mounted.

(c) The variable speed controller 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 variable speed controller.

2 SITE
The location of and access to the site for the installation of the variable speed controller shall be shown in the Annexure.
3 OPERATING MODE
The variable speed controller shall be suitable for driving a cage induction motor operating in the mode shown in the Annexure.
4 AMBIENT CONDITIONS
The variable speed controller shall be suitable for operation at maximum load, in the specified operating mode and under the ambient condition specified in the Annexure.
5 WORK BY THE PRINCIPAL
The variable speed controller will be installed and commissioned by the Principal.

The Principal will supply and install:

(a) Isolation facilities including the associated line contactor if required
(b) Short circuit protection of the supply to the variable speed controller in accordance with clause 17
6 INFORMATION TO BE PROVIDED BY THE CONTRACTOR
The Contractor shall provide the following information in respect to the variable speed controller within the listed number of days after the receipt of the Principal’s order.

(a) General Arrangement Drawings



28 days

(b) Electrical Wiring and Schematic Drawings

28 days

(c) Delivery Schedule





14 days

(d) Test Certificates





On Delivery

(e) Operating and Maintenance Manual 


On Delivery
7 CONTRACTOR’S DRAWINGS
(a) All drawings provided by the Contractor shall be in accordance with the latest issue of the Water Corporation Design Standard DS24 – Electrical Drafting
(b) All drawings shall be prepared in AutoCAD format, Release 2018 or later software

(c) Drawings shall be prepared on the “Electrical” A1 metric drawing sheet and title block provided in the Water Corporation eXternal (WCX) package (available for download) in accordance with the Water Corporations Design Standard DS80

(d) The drawings shall provide within the title block, the details to identify the drawing, including   but not limited to its title, plan number, revision status, date of issue, Corporate project number, contractor’s name and reference number (if applicable)

(e) Drawings detail shall include, but not limited to, the general arrangement, panel layout, power and control circuit diagrams and equipment specifications, as required

(f) The contractor shall submit drawings in both AutoCAD and PDF formats in accordance with the Drawing Submission Process. Adequate contrast within the PDF image shall be maintained between drawing content and background to ensure the clarity and quality of the drawings
8 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 manufacture, installation and operation of the equipment.

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

As a minimum requirement, the variable speed controller shall comply with the generic electromagnetic compatibility (EMC) standards EN 50081-2 and EN 50082-2 and shall carry the CE-mark.  

Preferably, the variable speed controller shall also comply with the requirements of the product specific EMC standard AS 61800.3.

In addition, the variable speed controller shall be entitled to carry the Australian C-tick mark.

The variable speed controller shall comply with these standards when operating connected to the associated motor via symmetrical screened motor cable of the length specified in the Annexure.

Specific reference is made in this Specification to the following national and international standards:

         AS 1231
Aluminium and aluminium alloys - Anodic oxidation coatings

         AS 4506
Metal finishing - Thermoset powder coatings 

         AS 60034.1
Rotating electrical machines -  Ratings and performance

         AS 60034.9
Rotating electrical machines - Noise limits

         AS 60529
Degrees of protection provided by enclosures

         AS 61800.3
Adjustable speed electrical power drive systems -

EMC requirements and specific test methods

         AS/NZS 2312
Guide to the protection of structural steel against atmospheric corrosion by the use of protective coatings

         AS/NZS 3000

Electrical installations

         AS/NZS 61000.2.4
Compatibility levels in industrial plants for low frequency conducted disturbances (IEC 61000.2.4)

         AS/NZS 61000.6.2
Electromagnetic compatibility - General standards - Immunity for industrial environments

         AS/NZS 61000.6.4 

Electromagnetic compatibility - General standards - Emission standard for industrial environments

         AS/NZS 60146.1.3 
Semiconductor converters - General requirements and line commuted converters - Transformers and reactors

         AS/NZS ISO 9001
Quality management systems - Requirements 

          IEC 60269-4

Low Voltage fuses - Supplementary requirements for fuse links for the protection of semiconductor devices 

          ISO 9223
Corrosion of metals - Corrosivity of atmospheres - Classification, determination and estimation
9 QUALITY ASSURANCE
The variable speed controller 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.
10 ELECTRICAL WORK
All electrical work shall be performed by appropriately qualified and experienced personnel who shall hold a current electrical worker’s licence to perform such work.
11 INPUT POWER SUPPLY
(a) The variable speed controller shall be rated for operation from a 3 phase, 50 Hz (+1.5%) power supply, having a solidly grounded neutral, a RWB phase sequence and a voltage imbalance of < 3% (i.e. a negative sequence voltage of not more than 3%).

(b) The supply voltage and the onsite fault current level at the input terminals of the variable speed controller(s) shall be as specified in the Annexure.

(c) Provided that the VSC converter comply with the harmonic current limitations specified clause 12.3, the Principal will ensure that the design of the electrical installation into which the VSC(s) are to be installed is such that the voltage total harmonic distortion [THD(v)] at the input power supply to the VSC converter(s) will not exceed 10%, in accordance with AS/NZS 61000.2.4.

12 INPUT CIRCUIT
12.1 Input Circuit Assembly

(a) The function of the variable speed controller input circuit shall be to convert the input A.C. power supply into a D.C. power supply suitable for powering the pulse width modulated (PWM) output power supply, and to do so in such a manner as not to cause a level of distortion of the input power supply voltage waveform in excess of the specified limits.

(b) The internal input circuit of the VSC proper shall be an uncontrolled rectifier bridge equipped with a capacitive filter including at least either a 3% A.C. reactor or a 4% D.C. reactor.

12.2 Short Circuit Ratio

(a) The short circuit ratio Rsc shall be defined as the ratio of the input short circuit fault current level, to the current taken by the VSC at VSC rated full load. 

(b) If the VSC is to be supplied via an external line reactor or line filter provided by the Contractor, the input power supply fault level shall be taken to be the fault level at the input terminals of the external line reactor or line filter. Otherwise the input power supply fault level shall be taken to be the fault level at the input terminals of the VSC proper.

12.3 Input Current Distortion

(a) With a test supply to the VSC proper such that Rsc = 120, the current total harmonic distortion [THD(i)] of the incoming supply current taken by the VSC shall not exceed 50% when operating at full load and without the use of external line reactors or external passive harmonic filters.

(b) With the onsite input power supply fault level as specified in the Annexure, the THD(i) of the incoming supply current to the VSC shall not exceed the value specified in the Annexure. 


The onsite incoming supply current THD(i) may be limited by external line side reactors or by external line side passive filters incorporating a “capacitor disconnect on falling load” feature. 


The use of external line side passive filters without a “capacitor disconnect on falling load” feature shall not be permitted.
12.4 Radio Frequency Interference
The variable speed controller, when installed and connected to its associated motor by the length and type of cable specified in the Annexure, shall not cause radio frequency interference greater than the limits specified in AS 61800.3 for Category C3 equipment.
12.5 Input Displacement Power Factor
With a test supply to the VSC proper such that Rsc = 120, the displacement power factor shall not be less than 95% over an input current range of 50% to 100% of full load current.
12.6 Lightning Impulse Withstand Voltage Rating
Unless the variable speed controller has been specified in the Annexure to be installed in a composite switchboard, the variable speed controller shall have a lightning impulse withstand voltage rating of not less than 4 kV, achieved either by its inherent insulation level or by the provision of suitable surge diverters and associated surge diverter disconnectors

13 OUTPUT POWER SUPPLY
(a) The variable speed controller shall provide a 3 phase power supply output having a RWB phase sequence and a controlled frequency range as specified in the Annexure  

(b) The output power supply shall be suitable for driving the motor and its associated load, all as specified in the Annexure
14 OUTPUT RATING
(a) The variable speed controller shall have a maximum frequency output kVA rating as specified in the Annexure.  The output current rating shall be constant over the frequency range as specified in the Annexure

(b) The variable speed controller shall have a short time (10 second) over current capacity as specified in the Annexure

15 ENCLOSURE
(a) The variable speed controller shall be wall mounted unless specified otherwise in the Annexure

(b) The degree of protection in accordance with AS 60529 shall be as specified in the Annexure

(c) Access and cable entry requirements shall be as specified in the Annexure

16 COOLING
(a) The primary coolant shall be air either by natural convection or by forced fan cooling

(b) The secondary cooling medium shall be as specified in the Annexure. If the operating environment is specified as indoors and the secondary cooling medium is specified as air, the discharge cooling air shall exit from the top of the enclosure

17 SHORT CIRCUIT PROTECTION 
(a) The supply to each variable speed controller shall be from the Principal’s switchboard via suitably rated semiconductor protection fuses in accordance with IEC 60269-4, all of which shall be mounted into Principal’s switchboard

(b) The ratings of such fuses shall be in accordance with the ratings specified in the Contractor’s Tender Technical Response Schedule
18 ARCING FAULT PROTECTION
The design of the variable speed controller shall be such as to minimise the risk of an internal arcing fault developing and further to minimise the risk to the operator should such a fault develop.
19 LOCKING
Cabinet doors providing access to Low Voltage conductors shall be protected by Water Corporation standard locks, Lockwood Type EL2 or equivalent as per LX drawing series.  However, bolted panels and bolted doors need not be fitted with additional locking.
20 AC LINE REACTOR
If an A.C. line reactor is required, it shall be in accordance with the requirements of BSEN 60146-1-3 and with the further requirements of this Specification.
21 POWER ELECTRONICS
21.1 Output Inverter Type

The output inverter shall be of the pulse width modulated (PWM) type (preferably 3 levels).

21.2 Output Frequency Control

The static frequency control error over the specified frequency range shall be no greater than 1% normal frequency. The variable speed controller shall include facilities to enable driven load resonant frequencies to be bypassed.

21.3 Output Voltage

(a) The output voltage shall be defined as the voltage at the output terminals of the dv/dt filter or the sine filter, whichever is fitted

(b) The output voltage at motor rated frequency shall be as specified in the Annexure

(c) Generally, the output voltage shall be varied in direct proportion to the output frequency

(d) The inverter control algorithm shall incorporate a flux optimisation function which shall adjust the output voltage as a function of load so as to provide maximum motor efficiency.  Facilities shall be provided to enable the flux optimisation function to be de-activated 

(e) Notwithstanding the above, at frequencies above the motor rated frequency the output voltage shall be limited to the motor rated voltage

21.4 Soft Starting/Stopping
(a) The variable speed controller shall include a soft starting facility which shall provide the motor with a starting sequence which ensures that the motor does not draw more than 110% of motor full load current during the starting period

(b) Assuming a standard cage induction motor, the variable speed controller shall be capable of providing a starting torque margin of not less than 10% over the driven load starting torque requirement

(c) The starting period shall be adjustable over a range of not less than 5 seconds to 60 seconds

(d) The type of driven load shall be as specified in the Annexure

(e) The variable speed controller shall include a stopping ramp down function with a ramp down time adjustable up to not less than 30 seconds. 

21.5 Motor Size Range

The control algorithm in the variable speed controller shall be such as to allow the variable speed controller to be able to control any cage induction motor in the size range of 40% to 100% of the output rating of the variable speed controller without any degradation of system performance due to the motor being rated less than the variable speed controller’s rated output.
21.6 Output Filtering

(a) If the maximum rate of rise in the output voltage waveform exceeds 1000 volts/(s, the variable speed controller shall be fitted with output filters to limit the maximum rate of rise in the output voltage waveform to not more than 1000 volts/(s. Such filters shall be star connected with the star point connected to the mid-point of the DC bus shunt capacitor chain so as to minimise common mode voltages

(b) The variable speed controller shall be fitted with sine filtering if so specified in the Annexure
21.7 Control Power


The various speed controllers control power shall be provided internally.

22 CONTROL AND INSTRUMENTATION
22.1 Protection Functions

The variable speed controller shall incorporate the following protection functions:

(a) A.C. and D.C. bus over voltage

(b) A.C. input or D.C. bus under voltage

(c) Input phase loss

(d) Output phase loss

(e) Controller over temperature

(f) Output over current

(g) Put earth fault (if output neutral is solidly grounded)

(h) Output neutral displacement (if output neutral is not solidly grounded)

(i) Motor overload

(j) Backspinning start protection (if so required in the Annexure)

(k) Stall protection (if so required in the Annexure)

(l) Other protection functions as specified in the Annexure

22.2 Ride Through Capability

The variable speed controller shall incorporate algorithms which allow the controller to:

(a) Stay on-line at reduced load in the event of controller over temperature

(b) Stay on-line at reduced load in the event of continuous input under voltage of not less than 85% of rated voltage

(c) Stay on-line at reduced load in the event of continuous input over voltage of not more than 100% of rated voltage

(d) Ride through a 0.5 second input power voltage dip of up to 30%

(e) Ride through a loss of input power of up to 2 cycles

22.3 Keypad and Display Unit

The variable speed controller shall be equipped with a keypad and display unit providing status indication, fault indication, and allowing control and parameter settings and adjustments.
22.4 Instrumentation

The variable speed controller shall be equipped with instrumentation to provide a read out of the following parameters:

(a) Output voltage

(b) Output currency

(c) Output frequency

(d) Output power (kW)

(e) Output energy (kWHr)

22.5 Control and Alarm Interfaces

The variable speed controller shall be able to be equipped with the following control and alarm interfaces and shall be supplied with interfaces selected and assigned as specified in the Annexure.

(a) Modicon Modbus bus interface

(b) Profibus bus interface

(c) Ethernet bus interface
(d) ProfiNet bus interface
(e) Two (2) programmable isolated 4/20mA inputs

(f) Two (2) programmable isolated digital inputs

(g) Two (2) programmable isolated 4/20 mA outputs

(h) Two (2) programmable isolated digital outputs

(i) One (1) programmable non-isolated potentiometer input

22.6 Fault Diagnostics

The variable speed controller shall be equipped with a full suite of diagnostic software tools to facilitate commissioning and fault finding.

22.7 PID Control Algorithm

(a) The variable speed controller shall be equipped with PID control algorithm so as to allow the control of process variables such as pressure, flow or fluid level via control of the driven motor speed

(b) The input to the PID control algorithm shall be one of the above control inputs

22.8 Acoustic Noise Reduction

In instances where the Annexure specifies a pump load without an output sine filer being required, the variable speed converter shall include an algorithm which increases the output switching frequency as the speed decreases.

23 OVERALL EFFICIENCY
(a) The variable speed controller’s efficiency shall be defined as the ratio of the power supplied to the motor to the power provided to the input terminals of the overall variable speed controller, expressed as a percentage

(b) Consequently, the variable speed controller’s efficiency shall take into account losses in input devices (such as A.C. line reactors, input harmonic filters) and output devices (such as sine filters), as well as losses in the variable speed controller proper

24 MEAN TIME BETWEEN FAILURE
The variable speed controller shall have a Mean Time Between Failure rating of not less than 50,000 operating hours.
25 AUDIBLE SOUND LEVEL
At full load the sound power level of the variable speed controller shall be no more than the no load value quoted at Table 2 AS 1359.109 for a 50 Hz 8 pole motor of the same rating as the variable speed controller.

26 CORROSION PROTECTION
(a) All metallic parts shall be provided with appropriate corrosion protection either by metallic plating or by paint finishes

(b) Outside steel surfaces of the variable speed controller enclosure shall be provided with medium term protection to Category 3 in accordance with ISO 9223 (industrial and marine environments), either by an approved gloss paint finish or by a powder coating finish in accordance with AS 4506

(c) Outside aluminium surfaces of the variable speed controller enclosure shall be protected by anodic oxide coatings in accordance with AS 1231 – 2000 Class AA 25 (i.e. minimum average coating thickness of 25 microns and a minimum local coating thickness of 20 microns)

27 WORKS TESTS
The variable speed controller shall be of a type tested design and the Contractor shall provide the Principal with certified type test certificates including actual test result.

Type tests shall include tests to verify:

(a) Efficiency at full load and full speed

(b) Efficiency at 20% load and 60% speed

(c) Input power factor at full load

(d) Input current harmonic spectrum at full load

(e) Output current harmonic spectrum at full load and full speed
28 DELIVERY AND COMMISSIONING
(a) The Contractor shall deliver and unload the complete variable speed controller at the site

(b) The Contractor shall unpack, inspect and assemble the variable speed controller at the site if the variable speed controller is not delivered completely assembled

(c) The Contractor shall provide commissioning assistance if so specified in the Annexure

29 AS CONSTRUCTED INFORMATION
The Contractor shall provide as-constructed information on all drawings detailing all changes and modifications made during the construction and installation phases of the project.
The contractor shall submit drawings in both AutoCAD and PDF formats in accordance with the Drawing Submission Process. Adequate contrast within the PDF image shall be maintained between drawing content and background to ensure the clarity and quality of the drawings.
30 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 manual shall include:

(i) Operating instructions

(ii) Safety instructions and warnings

(iii) Maintenance instructions and schedules

(iv) Recommended spare parts and special tool list

(v) As-constructed drawings

(vi) Detailed equipment performance specifications 

(vii) Test reports and test certificates

31 SPARE PARTS
The Contractor shall guarantee to hold in Australia, one complete set of electronics spare parts for the variable speed controller.
32 TECHNICAL SUPPORT
The Contractor shall maintain an adequate level of technical support within Australia.




Annexure to Specification
for

Small Low Voltage Output Variable Speed Controller  
Project:  



Site Location: 



Type of Access to Site: 


Commissioning Assistance (required or not required): 


Operating Mode:

Capitalised Cost of Losses:
 $/kW

Type of Duty in accordance with AS 60034.1: 


Type of Driven Motor (i.e. conventional or bore hole):


Motor Manufactured Prior to 1999 (yes or no)


Driven Motor Full Load Ratings:    3 phase 
volts   
 amps



 
kW   
 Hz

Motor Load at Specified Minimum Frequency: 
kW

Type of Motor Feed Cable: 


Length of Motor Feed Cable: 
metres

Motor Drive Load

Type: 


Torque speed characteristic: 
 Newton metres at 0 Hz



Newton metres at ……… Hz, Newton metres at Hz



Newton metres at ……… Hz, Newton metres at Hz

Annexure to Specification

for

Small Low Voltage Output Variable Speed Controller  
Operating Environment for Variable Speed Controller –

Location (i.e. indoors or outdoors):               


Maximum Ambient Air Temperature:           
oC

Minimum Ambient Air Temperature:           
oC

Maximum Ambient Air Relative Humidity: 
%

Ambient Air Borne Contaminants:                


Input Power Supply Characteristics -

Frequency Tolerance: 

+/- 
 %

Phase to Phase Voltage:

volts

Input Power Supply Fault Level:

 kVA

Maximum Allowable Input Power Supply Current THD: 
%

Output Requirements

Controlled Frequency Range: 

 Hz to 
Hz

Phase to Phase Voltage at Motor Rated Frequency: 
 volts

kVA Rating at Motor Rated Frequency:

kVA

Short time over current capacity:

amps for 10 sec

Output sine filtering (required or not): 



Cable Connecting VSC to Motor –

Cable type 



Cable length 

 m

Enclosure –

Protection Class (if mounted in heat rise tested VSC cubicle, VSC must be IP66): IP
 

Cable connection (i.e. top or bottom entry): 



Front access only (required or not required): 


Mounted in heat rise tested outdoor VSC cubicle as per LX/MN standard design, or

mounted within a composite switchboard, or
separately wall mounted, or

separately floor mounted:



Annexure to Specification

for

Small Low Voltage Output Variable Speed Controller  
Assignment of Interfaces –

Bus Interface to be Used: 


Bus Interface Function: 


4/20 mA Input No. 1 Function:



4/20 mA Input No. 2 Function:



Digital Input No. 1 Function: 



Digital Input No. 2 Function: 



4/20 mA Output No. 1 Function:



4/20 mA Output No. 2 Function:



Digital Output No. 1 Function:



Digital Output No. 2 Function:



Potentiometer Input Function:



Protection Functions –

The following protection functions shall be provided in
addition to those specified in Clause 22.1.

Thermistor Motor Protection (required or not required):


PT 100 Motor Protection (required or not required): 


Back Spin Protection (required or not required): 



Stall protection (required or not required): 



Other Protection Functions required:



	Type Specification for Small Low Voltage Output Variable Speed Controller 
Tender Technical Response Schedule 

	Clause
	Subject
	Noted
	Compliance
	Comments

	No.
	
	
	Yes
	No
	

	1
	General
	
	
	
	

	2
	Site
	
	
	
	

	3
	Operating Mode
	
	
	
	

	4
	Ambient Conditions
	
	
	
	

	5
	Work by Principal
	
	
	
	

	6
	Information from Contractor
	
	
	
	

	7
	Contractors Drawings
	
	
	
	

	8
	Standards
	
	
	
	

	9
	Quality Assurance
	
	
	
	

	10
	Electrical Work
	
	
	
	

	11
	Input Power Supply
	
	
	
	Frequency Tolerance % =

	
	
	
	
	
	Voltage Tolerance % =

	12
	Input Circuit
	
	
	
	

	12.1
	Input Circuit 
	
	
	
	A.C. reactor % =

	
	
	
	
	
	D.C. reactor % =

	12.2
	Short Circuit Ratio
	
	
	
	Site Rsc =

	12.3
	Input Current Distortion
	
	
	
	THD volts % =

	
	At Rsc = 120 and without external input filtering
	
	
	
	THD(i) % =

	
	Type of external input filtering
	
	
	
	

	
	On site input harmonic currents
	
	
	
	THD(i) % =

	12.4
	RFI Filters
	
	
	
	

	12.5
	Input Displacement Power Factor at Rsc = 120
	
	
	
	p.f. % =

	12.6
	Lightning Impulse Withstand Voltage
	
	
	
	LIWV kV =

	
	
	
	
	
	SD’s and fuses fitted?

	13
	Output Power Supply
	
	
	
	Maximum Frequency, Hz =

	
	
	
	
	
	Minimum Frequency, Hz =

	14
	Output Ratings
	
	
	
	VSC rated output volts =     at        Hz

	
	
	
	
	
	VSC rated output kVA =     at        Hz

	
	
	
	
	
	Rated amps =

	
	
	
	
	
	10 sec O/C amps =

	15
	Enclosure
	
	
	
	Enclosure IP Rating =

	16
	Cooling
	
	
	
	

	
	
	
	
	
	Cooling air flow rate, litres/sec =


	Type Specification for Small Low Voltage Output Variable Speed Controller
Tender Technical Response Schedule

	Clause
	Subject
	Noted
	Compliance
	Comments

	No.
	
	
	Yes
	No
	

	17
	Short Circuit Protection
	
	
	
	Required fuse amps =

	18
	Arcing Fault Protection
	
	
	
	

	19
	Locking 
	
	
	
	

	20
	A.C. Line Reactor
	
	
	
	

	21
	Power Electronics
	
	
	
	

	21.1
	Output Inverter Type
	
	
	
	

	21.2
	Output Frequency Control 
	
	
	
	Max. control error %

	21.3
	Output Voltage
	
	
	
	At maximum frequency kV =

	21.4
	Soft Starting/Stopping
	
	
	
	Max. ramp up secs =

	
	
	
	
	
	Max. ramp down secs =

	21.5
	Motor Size Range
	
	
	
	Minimum motor kW =

	
	
	
	
	
	Maximum motor kW =

	21.6
	Output Filtering
	
	
	
	Output Voltage THD, % =

	
	
	
	
	
	Earth current, amps =

	21.7
	Control Power
	
	
	
	

	22
	Control and Instrumentation
	
	
	
	

	22.1
	Protection Functions
	
	
	
	Attach details separately

	22.2
	Ride Through Capability
	
	
	
	At 85% volts, output kVA =

	
	
	
	
	
	At 110% volts, output kVA =

	
	
	
	
	
	Max. ride through volts dip. % =

	
	
	
	
	
	Max. ride through time, cycles =

	22.3
	Keypad and Display Unit
	
	
	
	

	22.4
	Instrumentation
	
	
	
	

	22.5
	Control and Alarm Interfaces
	
	
	
	Attach details separately

	22.6
	Fault Diagnosis
	
	
	
	Attach details separately

	22.7
	PID Control Algorithm
	
	
	
	Attach details separately

	22.8
	Acoustic Noise Reduction
	
	
	
	Full speed switching kHz =

	
	
	
	
	
	Zero speed switching kHz =

	23
	Overall Efficiency
	
	
	
	Efficiency at max. frequency, % =

	
	
	
	
	
	Efficiency at 60 Hz, % =

	
	
	
	
	
	Efficiency at min. frequency, % =

	24
	Mean Time Between Failure
	
	
	
	MTBF, hours =

	25
	Audible Sound Level 
	
	
	
	VSC Sound Power, dBA  =

	
	
	
	
	
	VSC Sound Pressure, dBA @ 1m =

	26
	Corrosion Protection
	
	
	
	Attach details separately


	Type Specification for Small Low Voltage Output Speed Controller
Tender Technical Response Schedule

	Clause
	Subject
	Noted
	Compliance
	Comments

	No.
	
	
	Yes
	No
	

	27
	Works Tests
	
	
	
	

	28
	Delivery and Commissioning
	
	
	
	

	29
	As Constructed Information
	
	
	
	

	30
	Manuals
	
	
	
	

	31
	Spare Parts
	
	
	
	Technical support function location is located in:

	32
	Technical Support
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