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Technical Specification of Distribution Transformer

 SHAPE  \* MERGEFORMAT 


 For the Ho Chi Minh City Power Company, Vietnam 
1. Scope

T

his specification describes the requirements with which the manufacturer shall comply in order to supply distribution transformers to Lower Mekong Sub-region electricity utility (hereafter refer to LMS). The transformer shall be connected to the distribution system having the neutral solidly grounded at the distribution substations. The fault level of the outgoing feeders for Ho Chi Minh City Power Company (HCMC PC), Vietnam is 25 kA.
2. Site and Service Condition

The transformers shall be installed in Ho Chi Minh City Power Company (HCMC PC), Vietnam. The service conditions are as follows:-

2.1 Altitude above sea level 
0-1000m
2.2 Maximum ambient temperature
400C
2.3 Average ambient temperature in any one year
300C
2.4 Average relative humidity in any one year
79.5%
2.5 Average maximum relative humidity in any one year
100%
The transformers shall be suitable for use in tropical climates and shall be capable of operating at its full ratings in the service conditions mentioned above.

3. Reference Standard

Except otherwise specified elsewhere in the specification, all equipment shall be manufactured and tested in conformity with the latest revision of the standards listed below. These standards are made a part of this specification.

International Electrotechnical Commission (IEC):-

	60076 - 1 (2000)
	Power transformers - Part1 : General

	60076 - 2 (1993)
	Power transformers - Part2 : Temperature rise

	60076 - 3 (2000)
	Power transformers - Part3 : Insulation level and dielectric tests and external clearance in air

	60076 - 4 (2002)
	Power transformers – Part 4 : Guide to the lightning impulse and switching impulse testing

	60076 - 5 (2006)
	Power transformers – Part 5: Ability to withstand short circuit.

	60137 (2008)
	Insulated bushings for alternating voltages above 1000 V

	60214 – 1
	Tap-changers - Part 1: Performance requirements and test methods

	60214 – 2
	Tap-changers - Part 2: Application guide


Vietnamese Standard:-

	TCVN 6306/1-1997
	Power transformers. Part 1: General

	TCVN 6306/2-1997
	 Power transformers. Part 2: Temperature rise 

	TCVN 6306/3-1997
	Power transformers. Part 3: Insulation levels and dielectric tests

	TCVN 6306/3/1-1997
	Power transformers. Part 3/1: Insulation levels and dielectric tests. External clearances in air

	TCVN 6306/5-1997
	 Power transformers. Part 5: Ability to withstand short circuit 


If there are any minor parts that deviate from the standards, they shall be stated. 
The equipment complies with other national standards having similar characteristics and providing equal performance and/or quality to those specified may be proposed. In this case, the complete ENGLISH language copies of the standards shall be submitted with the quotation, otherwise such offer may not be considered.
4. Test, Inspection and Test Report

4.1 
The proposed transformers shall have successfully passed all the following type tests:-

a)
Type tests or design tests according to the application standard at least the following items:
- Temperature rise test
- Lightning impulse test
- Short circuit test

b)
Lightning arrester ground lead disconnector operation test (in case transformers are supplied with arresters)

All test reports or a letter of confirmation test report will be submitted within 15 (fifteen) days after the opening date and shall be attached to the bid.  If the type test reports are not delivered to HCMC PC within 15 (fifteen) days after the opening date, HCMC PC will not consider such offer.  Test reports of identical units are acceptable.

4.2 Standard factory tests shall be made in accordance with routine tests stated in the reference standard and they shall be performed in accordance with the procedure specified. Each rating of the transformer shall be tested consisting of at least the following items:

	Test Items
	Unit Tested

	- measurement of winding resistance
	All units

	- measurement of voltage ratio and check of phase displacement 
	

	- measurement of short circuit impedance
	

	- measurement of load loss
	

	- measurement of no load loss and current
	

	- dielectric tests consisting of a separate source AC withstand voltage test and induced AC voltage test
	

	- weight test 
	

	- oil leak test
	

	- oil dielectric strength test
	

	- temperature rise test 

	1 unit

	- impulse voltage withstand test (full and chopped wave)  

	1 unit


Note:   
a) For dual primary voltage transformers. The above tests shall be done at a higher primary voltage connection only with the exception of impulse tests, which shall be done at lower primary voltage connection.
b)
The serial numbers of the inspected units shall be specified.

c)
The samples of transformers for the temperature rise test and lightning impulse test shall be picked from the first shipment batch. 

d)
To prevent the transformer from unnecessary deterioration from impulse waves, voltage and current measurements during impulse test shall be recorded simultaneously. The method of repeating impulse for the measurement of current or voltage is not accepted.

e)
Number, sequence and method of impulse voltage withstand test (full and chopped wave) shall be according to IEC 60076-3.

4.3
The routine test report shall be sent before or together with the transformer’s delivery, otherwise HCMC PC shall be regarded as a no delivery of transformers and claim for penalty as a late shipment.

4.4
HCMC PC reserves the right to send the representatives at their expense to inspect and witness tests of the material and equipment during manufacturing, at the time of shipment or at any time it deems necessary. The supplier shall provide free access to the facilities where the equipment is being manufactured and shall satisfy the representatives that the material and equipment are in accordance with this specifications and the purchase contract.

4.5
Prior to the shipment, the supplier shall submit to HCMC PC the complete and certified reports of all tests made in 6 (six) copies. The test reports shall contain all data required to enable their complete understanding such as; diagrams, methods, instruments, constants and values used in the tests and the results obtained.

4.6
After the transformer arrives at the HCMC PC’ warehouse, HCMC PC will sample the transformer for acceptance testing. If the result is not in accordance with the specification, all transformers will be rejected.
5. Drawings and Instructions

5.1
The supplier shall furnish 6 (six) copies each of the following items within 15 (fifteen) days after the effective date of contract for the design approval by HCMC PC.

a) Nameplate drawing. 
b) Outline drawing.
c) Detailed drawing illustrating the installation of lightning arrester with ground lead disconnector. (if supplied)
d) Evidence to prove the mechanical adequacy of the lifting and moving devices. 
e) Evidence to prove the pressure withstand of tank. 
f) Transformer damaging curve for each kVA rating (over load current vs time).
If any of the drawings and data mentioned above are not submitted to HCMC PC within the specified date, the supplier shall be penalized at USD 40.00 (forty only) per day until the date the supplier submits the above documents.

Generally, if the drawings require no more detail, they will be returned to the supplier within 15 (fifteen) days after receipt by HCMC PC. If drawings for approval are not submitted within the time as mentioned above or HCMC PC has to request for additional information, the supplier cannot regard the lost time as a reason for extending the delivery time without penalty.

5.2
Supplier shall furnish 6 (six) copies each of the following items, at least 15 (fifteen) days prior to the first shipment of the transformer in each rating.

a) Final certified nameplate drawing
b) Final certified outline drawings
c) Complete installation and maintenance instructions
d) Complete part list
5.3
In addition to the above requirements, one set of any and all special installation instructions shall be boxed with each transformer.
5.4
All drawings except standard shop drawings, characteristic curve and installation instructions shall have the contract number marked thereon. 

5.5
All drawings and instructions shall be in ENGLISH. Information on drawings shall be engineering lettering. Instruction manuals shall be machine printed or typed. 

5.6
All measurements and quantities shall be expressed in the units of the METRIC SYSTEM. If they are expressed in other systems, the metric equivalent shall also be shown.

6. Ratings and Features

The transformers shall have the following ratings and features.

6.1 
Type - Overhead, outdoor type, three phase, mineral-oil-filled

6.2  
Frequency - 50 Hz

6.3
Cooling method - ONAN

6.4
kVA ratings - [To be specified during bid]
6.5
Limits of observable temperature rise are;

Average winding temperature rise
650C
Top oil temperature rise
600C
6.6 
High-voltage rating - [15 kV
or 22 kV to be specified during bid]
6.7 
Low-voltage rating - 400V
6.8
Tap (Full capacity in high-voltage winding) - (2 x 2.5%
6.9
Vector group - Dyn11
6.10
Insulation levels are as follows:-
	Voltage Rating
	BIL Full Wave

(kV crest)
	Power Frequency Test Voltage(kV)

	400 V
	NA
	NA

	15 kV
	125
	50

	22 kV
	125
	50


6.11 Impedance voltage (measured at principle tap) :-

	

kVA
	Nominal value

	100-400
	4%

	560
	4.5%

	630
	4.5%

	720-1,250
	6%

	1,500-2,500
	6%


Individual transformers with impedance voltage beyond the limits specified shall not be accepted.

7. General Requirements

7.1
Transformers shall be oil-immersed, self-cooled, sealed tank, two winding, three legged core or three phase shell type. The transformer installations are as follows:-
	Transformer Rating (kVA)
	Installation

	Up to 630
	On concrete pole

	560-800
	On platform


7.2

Each transformer shall be installed with three lightning arresters; the lightning arrester shall be distribution class with ground lead disconnector, gapless or gapped with metal oxide as main elements, TOV capability curves shall also be submitted for approval. 

The characteristics of the arresters shall be equivalent to or better than those specified in the reference standard. The arresters shall be mounted on the tank wall. Suitable means such as eye lugs on the line and ground lead terminals for connection to the high voltage terminal and transformer tank ground respectively, shall be applied. The leads between the arresters and high voltage terminals shall be made of insulated wire.

The arresters installed shall be provided with ground lead disconnectors, spacing between the ground terminal of the arrester and transformer tank shall be designed in order to provide proper function of the ground lead isolator. The ground lead disconnector shall apply spring type earthing conductors to isolate the earth terminal of the arrester, the application of flexible conductors as an earthing conductor is acceptable on the condition that the cross section area and length of the conductor shall be equivalent to 16mm2 (49 strands or more) and approximately 50 cm respectively.

7.3
The insulating caps shall be provided on primary bushings and on lightning arrester line terminals (if supplied).

7.4
Transformer tank covers shall be bolt tightened to the tank with suitable gasket sealing. Gaskets shall be seated properly to avoid being over compressed. The gaskets used with the transformer must be of the hot oil-proof and reusable type and shall not deteriorate or lose their sealing properties thus permitting the entry of moisture. In case of flange-type rim design cover may be bolted or welding seal and subjected to approval. The tank bottom support shall be suitable for water dripping.

7.5
For dual primary voltage transformers, system voltage change shall be accomplished by the use of dual voltage switch. The switch shall be arc extinguishing, non-tracking and shatterproof having impulse withstand voltage to ground not less than 125 kV crest. All transformers shall be set at higher voltage operation from the factory. 
7.6
All transformer parts inside the tank shall be able to be removed upward in one piece with the lift of the tank cover. Except for the transformer having sidewall low voltage bushings in which case, the secondary lead connection shall be equipped with practical detachable connection.

7.7
The kVA rating in Arabic numerals 2-1/2 inches high shall appear on the tank transformers near and below the low voltage bushing. These numerals may be applied by stenciling or by any other suitable means.
7.8
CG. (Center of gravity) of each transformer shall be marked permanently at the front and the side of the transformer.
8. Tank and Cover

8.1
For pole mounted transformers, tank side walls and bottoms shall be constructed of steel with adequate thickness to support the transformer without any distortion when pole mounted.

8.2
For pole mounted transformers, the tank shall have a rolled edge base and recessed bottom to minimize damage due to sliding and also to facilitate the fixing of a bracket for transformer secondary leads.

8.3
The cover will be of formed steel plate and shall be electrically bonded to the tank.

8.4
Transformer tank finishing shall be outdoor light grey. The entire metal surface area shall be chemically cleaned before painting to remove any dirt, oil or other impurities from the forming and welding operations. Painting shall be applied after one or more coats of rust inhibitor primer, with two finish coats. Other methods of painting than those mentioned shall be clearly specified for approval.

9. Core

9.1
The core shall be made of grain oriented, low loss, high permeability, silicon steel strips or better material.

9.2
Mechanical means shall be included to avoid the loosening of the core strips due to vibration.

9.3
The core and coil assembly shall be rigidly held in the tank. The assembly shall not shift in any direction during shipping, installation and operation.

9.4
The core construction design shall avoid static discharges and the development of short circuit paths within itself or to the grounded clamping structure. Mitered joints between cores and yokes shall be employed.

9.5
Adequate fitments shall be provided for lining the completed core and winding and a suitable accommodation which is attached to transformer, shall be provided for the storage of any removable parts of the lifting facility.

9.6
All castings shall be fettled, and structural steel shall be adequately painted before being built into the structure.

9.7
The supporting framework of the core shall be designed to avoid the  presence of pockets which would prevent complete emptying of the tank through the drain valve, cause the trapping of air during filling, or cause the trapping of gases which evolve during in-service faults.

9.8
Oil ducts shall be provided where necessary to ensure adequate cooling. The winding structure and main insulation shall not obstruct the free flow of oil through such ducts. Where the magnetic circuit is divided into packets separated by more than 2.5 mm by cooling ducts parallel to the plane of the laminations or by insulating material, tinned copper strip bridging pieces shall inserted to maintain electrical continuity between the packets.

9.9
Individual laminations shall be insulated with material which will not deteriorate due to the action of pressure and hot oil.

9.10
The magnetic circuit shall be grounded in accordance with the following clause: 
· With the grounding removed, the magnetic circuit shall be insulated from the clamping and supporting structure and all structural parts.

· All metal parts of the transformer core assembly except individual core laminations, core bolts and side-clamping plates shall be maintained at ground potential.

· The magnetic circuit shall be earthed to the clamping structure through one removable core-insulation - test link only, placed in an accessible position beneath an inspection opening in the main tank cover. The connection to the link shall be on the same side of the core as the main clamping structure earth connection to the tank and taken from the extreme edge of the top yoke.

· Where oil ducts or insulating barriers parallel to the plane of the laminations divide the magnetic circuit into two or more electrically divided parts, the ducts or barriers shall be bridged and the magnetic circuit shall not be regarded as being of sectional construction.

9.11
The maximum flux density at any point in the magnetic circuit shall, by way of specification but not of limitation, be in the region of 1.55 to 1.65 Tesla when cold rolled grain oriented steel is used. Designs employing higher normal flux densities may be considered with supporting evidence to show that the magnetic circuit will not unduly saturate during system over voltage conditions.

10. Windings

10.1
Transformer winding shall be copper. 

10.2
Transformer windings shall be designed and manufactured in order to resist, without suffering damage, the thermal and mechanical effects caused by external short circuits.

10.3
The insulating material shall be suitable for the temperature rise specified.

10.4
The stacks of windings shall receive adequate shrinkage treatment before final assembly.

10.5
The coil clamping arrangement and the finished dimensions of the oil ducts shall be such that they shall not impede the free circulation of oil through the ducts.

10.6
Coil clamping rings shall be of steel or of a suitable insulating material built up from flat laminations. Axially laminated insulation other than bakelised paper shall not be used. Where axially laminated bakelised paper rings are used, these may be relied upon to provide the major insulation between the windings and the frame provided that the creepage voltage stress does not exceed 0.2kV/mm. Any metal piece in contact with laminated rings shall be such that it does not weaken the electrical or mechanical properties of the rings.

10.7
Where windings are built up of section or disc coils, separated by spacers, the clamping arrangement shall ensure that equal pressure is applied to all columns of spacers. All such spacers shall receive adequate shrinkage treatment before assembly.

10.8
The insulation of winding and connections shall not be liable to soften, ooze out, shrink or collapse during service.

11. Insulating Oil

Transformer oil shall be well filtered and the dielectric strength before being placed in the transformer tank is not less than 30 kV as tested by the method specified by ASTM D877 or equal. The dielectric strength of a sample of insulating oil taken from a new transformer shall not be less than 26 kV, when measured in accordance with ANSI Standard Method of Testing Electrical Insulating Oils C59.2-1966 or equal.

12. Bushings and Terminals

12.1
The three phase transformer shall have three high voltage transformer bushings and four low voltage transformer bushings (for platform transformer) or four low voltage side wall bushings (for pole mounted transformer). Low voltage bushings for platform transformers may also be mounted on the upper part sidewall. All bushings shall be brown in color. The insulation class of the low voltage neutral bushings shall be the same as that of the low voltage line bushings.

12.2
The high voltage bushings shall be equipped with solderless tin plated copper connectors. One connector clamping bolt shall be furnished with two belleville spring washer coned-disk type, to provide adequate pressure on the conductor during thermal cycling.

High voltage terminal connectors shall be of opening type for with a maximum conductor size of 50 mm2. 
12.3 The low voltage terminal shall be tin plated. Low voltage terminal connectors shall be of opening type for maximum conductor size 95 mm2.
12.4 External terminal designation for high voltage and for low voltage shall be shown on the tank.

12.5
High voltage transformer bushing cover shall be made of UV radiation resistant and track resistant plastic or rubber (silicone or EPDM), gray color, 1 (one) minute power frequency withstand voltage 24kV, and suitable for covering primary bushings of 24 kV distribution transformers,  to protect short circuit from birds, squirrels etc.
13. Accessory Equipment

The transformer shall be equipped with the following standard accessories.
	Accessory Equipment

	Lifting lugs

	Tap changer

	Manual pressure relief fitting

	Nameplate

	Dual voltage switch

	Tank grounding pad or stud

	Lifting lugs

	Tap changer

	Pressure relief device

	Nameplate

	Dual voltage switch (for dual voltage only)

	Tank grounding pad or stud

	Dial-type thermometer with maximum pointer

	Oil drain, filter press, and sampling valve.


14. Transformer Evaluated Cost

For the purpose of bid comparison, the transformer unit cost and losses shall be evaluated to obtain the transformer evaluated cost according to the formula below:

A = B +7,121C +2,939D 

Where

A = Evaluated cost of transformer in US Dollar.

B = Unit cost of transformer converted in US Dollar according to the evaluation clause specified in the bid condition.

C = No load loss at room temperature not more than 30°C in kW.

D = Load loss in kW.

For dual primary voltage transformers, the losses at higher voltage connection shall be applied.

15. Excess Losses and Penalty

15.1 The transformer losses shall be within the following limits of tolerance:-

No load loss
:   not more than +10%

No load loss + Load loss
:   not more than +6%

Individual transformers with losses beyond the limits will be rejected unless the supplier agrees to increase his guaranteed value as mentioned in clause 15.3.
15.2
The average losses of all transformers in the same kVA rating if they exceed the guaranteed value but are within the limits of tolerance, the supplier shall compensate at 1.5 times of evaluation formula (i.e. USD 1.5 x 7121/kW x N for no load loss), where N = Number of transformers.

15.3
If the supplier  agrees to increase his guaranteed value so the transformer with maximum loss will be within the limits of the tolerance, the compensation for each increased guaranteed loss shall be 2 times of evaluation formula (i.e. USD 2.0 x 7121/kW x N for no load loss), where N = Number of transformers.

After that the average loss will be compared to the new increased guarantee loss utilizing the same method as clause 15.2.

15.4
HCMC PC will sample the transformers for their own loss measurement. If average losses measured by HCMC PC are higher than average losses from manufacturer test report by 2.5%, HCMC PC will adjust the manufacturer measured value with the ratio of the difference and use the adjusted losses for calculation of loss compensation; otherwise the losses from manufacturer’s report will be used. 

16. Additional Requirements for Marking and Packing

16.1
The transformers shall be shipped oil-filled, individually packed on pallets with suitable fasteners. Packing in different method from this is subject to approval, and if not approved, this may lead to bid rejection.

16.2
Serial Number of the supplied transformers shall be specified in every invoice of partial shipments.

16.3
All spare parts of every rating shall be shipped together with the first shipment of the transformer of that rating in order to enable HCMC PC to replace the parts which may be damaged during transit. The invoice, packing list and bill of lading covering the spare parts shall be separated from those of the transformers.

16.4
Packing lists shall indicate clearly all loose materials such as spare primary voltage bushings and etc., being packed in certain cases.

16.5
If any parts are packed in the cartons for containerized shipment, the cartons shall be arranged into pallets so as to facilitate their movement by forklift trucks.

17. Additional Requirement for Responsibility

If any transformer is damaged within the guaranteed period, the manufacturer shall promptly investigate, repair or replace it. The replacement shall reach within 60 days after being first informed otherwise the performance security shall be forfeited.
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TRANSFORMER LOSSES 

The transformers losses should not exceed the following limit:-

For normal transformer 

	Transformer rating 
	Transformer Loss (Watt)

	(kVA)
	No Load Loss
	Load Loss 

	100
	230
	1,320

	160
	280
	1,940

	250
	340
	2,600

	320
	390
	3,330

	400
	450
	4,200

	560
	580
	4,810

	630
	787
	5,570

	750
	855
	6,725

	800
	880
	6,920

	1,000
	980
	8,550

	1,250
	1,020
	10,690

	1,500
	1,305
	13,680

	1,600
	1,305
	13,680

	2,000
	1,500
	17,100

	2,500
	2,870
	21,740


For low loss transformer 

	Transformer rating 
	Transformer Loss (Watt)

	(kVA)
	No Load Loss
	Load Loss 

	100
	250
	840

	160
	300
	1000

	250
	450
	1625

	320
	500
	2000

	400
	600
	2500

	560
	750
	3394

	630
	787
	3906

	750
	840
	4370

	800
	880
	4661

	1,000
	1000
	6400

	1,250
	1020
	8125

	1,500
	1200
	10000

	1,600
	1280
	10667

	2,000
	1600
	13333

	2,500
	2000
	16667


Note 

a)
No load loss shall be measured at room temperature not more than 30 0C.
b)
The load loss shall be measured at 850C for 650C temperature rise class. The load loss shall be measured on principle tap.

c)
 For dual voltage transformers, the losses shall be measured at higher connection.
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Technical Filled-Form 

	TECHNICAL FILLED-FORM NO: HCMC PC 22/04 kV
DISTRIBUTION TRANSFORMER 


	Item
	Description
	Units
	Required
	Guaranteed

	1.0
	Manufacturer
	-
	-
	

	1.1
	Type
	-
	Three-phase with 2 windings
	

	1.2
	Class
	
	ONAN
	

	2.0
	Rated data and characteristics
	
	
	

	2.1
	Rated power:

- primary/secondary 
  (Rated power at highest tap)
	kVA
	[To be specified during bid]
	

	2.2
	Cooling method
	-
	ONAN
	

	2.3
	Rated voltage

- HV winding
- LV winding
	kV
kV
	22
0.4
	

	2.4
	Tap changer:

- manufacturer
- model
- type
- regulating range


- rating
	-
-
-
%


A
	-
-
off-load
22 kV
+2 x 2.5%
-2 x 2.5%
-
	

	2.5
	Frequency
	Hz
	50
	

	2.6
	Connection of the three-phase windings (group of vectors IEC 60076)
	-
	Dyn11
	

	2.7
	Rated current at ONAN  rated power and rated voltage tap:
	
	
	

	
	- HV winding
- LV winding
	A
A
	-
-
	

	2.8
	No-load current through:

- HV winding
- LV winding
	A
A
	-
-
	

	2.9
	Short circuit impedance
	
	Base: rated voltage
	

	2.9.1
	Direct impedance at nominal voltage tap:

- HV/LV
	%
	-
	

	2.9.2
	Direct impedance at minimum voltage tap:

- HV/LV
	%
	-
	

	2.9.3
	Direct impedance at maximum voltage tap:

- HV/LV
	%
	-
	

	2.9.4
	Zero sequence impedance at nominal voltage tap
	
	 
	

	
	- HV / LV
	%
	-
	

	2.10
	Tolerance to be applied to the short circuit impedance, in terms of % of the guaranteed value on:
	
	
	

	
	- nominal voltage tap
- other taps
	%
%
	-
-
	

	2.11
	Transformer capacity to withstand external short circuits:
	
	
	

	2.11.1
	Short circuit duration
	s
	2
	

	2.11.2
	Symmetrical short circuit current withstand during the indicated period and asymmetrical short circuit withstand:
	
	
	

	
	- HV winding
	kA RMS
kA (peak)
	-
-
	

	
	- LV winding
	kA RMS
kA (peak)
	-
-
	

	
	- pre-fault voltage
	p.u.
	1.05
	

	2.12
	Guaranteed losses
	
	
	

	2.12.1
	No-load losses at rated voltage and frequency, with rated voltage tap (design calculation sheet shall be submitted with the bid)
	kW
	-
	

	2.12.2
	No-load losses at 110% of the rated voltage, at rated frequency and rated voltage tap
	kW
	-
	

	2.12.3
	No-load losses capitalized value
	USD/kW
	4,080
	

	2.12.4
	Tolerance to be applied to no-load losses 
(in %  of the guaranteed value)
	%
	+10
	

	2.12.5
	Load losses at rated voltage and frequency, with rated voltage tap and ONAN rating:
	
	
	

	
	- HV winding (design calculation sheet shall be submitted with the bid)
	kW
	-
	

	
	- LV winding (design calculation sheet shall be submitted with the bid)
	kW
	-
	

	
	   - Stray loss
	kW
	-
	

	2.12.6
	Load losses  capitalized value
	USD/kW
	2,220
	

	2.12.7
	Tolerance to be applied to total losses (in %of the guaranteed value) for all the windings
	%
	+6
	

	2.13
	Highest voltage for equipment:

- HV winding
- LV winding
	kV
kV
	24
-
	

	2.14

2.14.1
	Rated insulation level:

Short time power frequency withstand:

- HV winding - line terminal 
- LV winding - line terminal  
- neutral
	kV RMS
kV RMS
kV RMS
	50
-
-
	

	2.14.2
	Basic impulse level:
	
	
	

	
	- HV winding - line terminal
- LV winding - line terminal
- neutral point
	kV (peak)
kV (peak)
kV (peak)
	125
-
-
	

	2.15
	Temperature rise limits at maximum power output ratings and at lowest voltage tap and corresponding voltage:
	
	
	

	
	- average winding at ambient temperature
- top oil at ambient temperature
	oC
oC
	65
60
	

	2.16
	Permissible overload in emergency cases:

- permanent permissible overload based on highest winding temperature which exceeds by 5oC the guaranteed limit
	kVA
	
	

	
	- permanent permissible overvoltage based on the maximum top oil temperature which exceeds by 5oC the guaranteed limit at rated power (in % of the rated voltage)
	%
	
	

	2.17
	Audible noise level
	
	
	

	
	- Voltage in percent of rated value
- ONAN rating
	%
dB(A)
	105
-                                           
	

	2.18
	Radio Interference Voltage at 0.5 MHz
as per IEC 60694
	(V
	-

	

	2.19
	Core:

- manufacturer
- grade and thickness of core steel
- standard
- data sheet attached
	-
grade/mm
-
-
	-
-
-
-
	

	2.20
	Oil:

- manufacturer
- type
- standard
- data sheet attached
	-
-
-
-
	PCB prohibited

-
-
-
-
	

	
	
	
	
	

	2.21
	Tank /corrugated wall and radiators
	
	
	

	2.21.1
	Tank/corrugated wall :

- manufacturer

- thickness
   - cover
   - side/corrugated wall
   - bottom 
	-


mm
mm
mm
	-


-
-
-
	

	2.21.2
	Radiator :

- manufacturer
- cooler tube thickness
- pressed-sheet radiator thickness
	-
mm
mm
	-
-
-
	

	2.21.3
	Safe withstand vacuum at sea level
	kPa
	-
	

	2.22
	Bushings
	
	
	

	2.22.1
	HV bushings:

- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal connector for conductor size
- creepage distance
	kV
-
-
A
kA RMS 
kV (peak)
kV RMS
mm2
mm
	-
-
-
-
-
125
50
-
-
	

	2.22.2
	LV bushings:

- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal connector for conductor size
- creepage distance
	kV
-
-
A
kA RMS 
kV (peak) 
kV RMS
mm2
mm
	-
-
-
-
-
-
-
-
-
	

	2.22.3
	Neutral bushings:

- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal connector for conductor size
- creepage distance
	kV
-
-
A
kA RMS 
kV (peak) 
kV RMS
mm2
mm
	-
-
-
-
-
-
-
-
-
	

	3.0
	Design data:
	
	
	

	3.1
	Core Design

- core type 
- number and length of limbs
- core diameter
	core or shell
no/mm
mm
	-
-
-
	

	3.1.1
	Core cross section area

- wound limbs
- yoke
- unwound limbs
	mm2
mm2
mm2
	-
-
-
	

	3.1.2
	Distance between core limb center
	mm
	-
	

	3.1.3
	Maximum flux density in the wound limb at:

- rated voltage
- 110% of the rated voltage
	tesla
tesla
	-
-
	

	3.1.4
	Maximum flux density in the yokes at:

- rated voltage
- 110% of the rated voltage
	tesla
tesla
	-
-
	

	3.1.5
	Voltage per turn at the above flux density

- rated voltage
- 110% of the rated voltage
	V
V
	-
-
	

	3.1.6
	Magnetizing current, at rated frequency, on principal tapping, in percent of rated current  at maximum HV rating
- at 90% of the rated voltage
- at 100% of the rated voltage 
- at 110% of the rated voltage
	%
%
%
	

-
-
-
	

	3.1.7
	   Specific loss of core at maximum flux density
	W/kg
	-
	

	3.1.8
	Maximum current density in winding;

- HV 
- LV 
	A/mm2
A/mm2
	-
-
	

	3.2
	Winding Design
	
	
	

	3.2.1
	Winding resistance:

- HV winding
	ohms
	-
	

	
	- winding conductor
- Inside diameter of winding coil
- Outside diameter of winding coil
- Number of winding turn at normal tap
- Cross-section area of winding conductor
- number and width of support spacers per turn
- total conductor mass
- dry insulation mass
	-
m
m
turns
mm2
-

kg
kg
	copper
-
-
-
-
-

-
-
	

	
	- LV winding
	ohms
	-
	

	
	- winding conductor
- Inside diameter of winding coil
- Outside diameter of winding coil
- Number of winding turn at normal tap
- Cross-section area of winding conductor
- number and width of support spacers per turn
- total conductor mass
- dry insulation mass
	-
m
m
turns
mm2
-

kg
kg
	copper
-
-
-
-
-

-
-
	

	3.3
	Voltage regulation at ONAN rating and rated voltage tap (in % of the rated voltage):

- with unity power factor:
	%
	-
	

	
	- with 0.9 power factor (lagging):
	%
	-
	

	
	- with 0.8 power factor (lagging):
	%
	-
	

	4.0
	Weights and dimensions
	
	
	

	4.1
	Total weight of transformer, equipped for service
	kg
	-
	

	4.2
	Weight:

- oil
- core and coil assembling
- tank and accessories
- net copper
- net core steel
	kg
kg
kg
kg
kg
	-
-
-
-
-
	

	4.3
	Outline  dimensions:

- length
- width
	mm
mm
	-
-
	

	4.4
	Layout drawing no.
	-
	To be enclosed
with bid
	

	5.0
	Standards
	
	
	

	5.1
	Manufacturing
	-
	IEC 60076-1
IEC 60076-2 
IEC 60076-3
IEC 60076-5
IEC 60137
IEC 60214
ASTM D877
ANSI C59.2
TCVN 6306/1 TCVN 6306/2
TCVN 6306/3
TCVN 6306/3/1 TCVN 6306/5  
	

	5.2
	Quality assurance
	-
	ISO 9001
	

	5.3
	Type test certification
(shall be submitted with the bid for approval otherwise it will be assumed that no type tests for identical units are available)

	-
	-
	

	6.0
	Installation
	-
	Outdoor on ……

	


� Requirement for short circuit test as type test is not specified in the original specification of HCMC PC


� Requirement  for temperature rise test as factory test is not specified in the original specification of HCMC PC


� Requirement  for impulse voltage withstand test as factory test is not specified in the original specification of HCMC PC


� Add requirement of surge arrester (MEA specification)





� Using MEA’s formula 





