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Technical Specification of 115kV Power Transformer

 SHAPE  \* MERGEFORMAT 


 For the Ho Chi Minh City Power Company (HNPC), Vietnam 

1. Scope

T

his specification describes the requirements for the design, manufacture, testing, supply erection, installation, commissioning and delivery, in satisfactory operating condition of 115kV power transformers, including oil cooling equipment, on-load tap changers and oil filter units for on-load tap changer, to the Lower Mekong Sub-region electricity utility (hereafter refer to LMS). The power transformers shall be connected to 115kV, three phase, three wires, solidly earthed neutral system. The short circuit range in this voltage level of Ho Chi Minh City Power Company is 40kA.
Supplier shall furnish all materials, necessary hardware, special tools for installation and maintenance.

2. Site and Service Condition

The transformers shall have a life expectancy of 35 years with an average 50% load factor
 for use under the following conditions:
2.1 Altitude above sea level
0-1000m

2.2 Maximum ambient temperature
40°C

2.3 Average ambient temperature in any one year
30°C

2.4 Average relative humidity in any one year
79.5%
2.5 Average maximum relative humidity in any one year
100%

The power transformers shall be suitable for use in tropical climatic regions and shall be capable of operating at its full ratings in the service conditions mentioned above.

3. Reference Standard 

Unless otherwise specified 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):
	60034 (2000)
	Rotating electrical machines


	60044-1 (2002)
	Instrument Transformer - Part 1: Current transformers.

	60076-1 (2000)
	Power transformers – Part 1 : General

	60076-2 (1993)
	Power transformers – Part 2 : Temperature rise

	60076-3 (2000)
	Power transformers – Part 3 : 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.

	60076-7 (2005)
	Power transformers – Part 7 : Loading guide for oil-immersed power transformers

	60099-4 (1991)
	Metal oxide surge arresters without gaps for A.C. systems

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

	60214-1 (2004)
	Tap-changers - Part 1: Performance requirements and test methods

	60214-2 (2004)
	Tap-changers - Part 2: Application guide

	60214-2 (2004)
	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 parts that deviate from the standards, they shall be stipulated. 
Equipment that 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 an offer may not be considered.

4. Test, Inspection and Test Report

4.1
The proposed transformer shall have successfully passed all the following type tests:
a)
Type tests or design tests according to the application standard.
b) 
Short circuit test according to IEC 60076-5 or ANSI C57.12.90. The rating shall not be less than 110 kV and 50 MVA. The test shall be done by members of the Short Circuit Testing Liaison or other internationally acknowledged and reputable station subject to HCMC PC approval. 

The type test report shall have details to show that the manufacturer has manufactured the power transformer of such ratings and have successfully passed all type tests or design tests in accordance with the applicable standard.
All test reports or letters of confirmation of test reports shall be attached to the bid. 
4.2
Routine and special tests shall be made in accordance with the reference standard and they shall be performed in accordance with the procedure specified, if any further tests are proposed, they require agreement between the purchaser and the manufacturer.  The test method shall be proposed by the manufacturer and approved by HCMC PC before such tests can take place. The following tests should be carried out as a minimum.

a) Tests for all units of the power transformer
· Measurement of winding resistance at all tap positions (test current of minimum 20A, DC);
· Measurement of voltage ratio at all tap positions and check of voltage vector relationship;
· Measurement of impedance voltage (principal and both extreme taps), short circuit impedance, total loss of cooling equipment at maximum rating and load losses;
· Measurement of no-load losses and measurement of the excitation current at 90%, 100% and 110% of rated voltage;
· Short duration induced AC withstand voltage test with partial discharge measurement;
· Separate source AC withstand voltage test;
· Measurements of the capacitances and dielectric dissipation factors;
· Measurement of the sound pressure levels at ONAN (0.3m) and ONAF (2m);
· Measurement of the insulation resistances;
· Test on load tap-changers;
· Lightning impulse test in according to IEC standard (one reduced wave and three full waves on all terminals);
· Measurement of zero-sequence impedance (at rated frequency) at principal tap(s) and all extremes, where applicable (no-load zero-sequence impedances at primary and secondary sides and short circuit zero-sequence impedance at primary and secondary side);
· The measurement results or test reports concerning accessories, e.g. the bushings, built in current transformers, oil temperature indicator, winding temperature indicator, oil level indicator and protective equipment, that may be needed during the operation of the transformer shall be appended to the test report for the transformer; 
· Breakdown voltage test of insulation oil;
· Dielectric test on auxiliary wiring to earth;

· Temperature rise test;
· Dissolved gas-in-oil analysis before dielectric tests, prior to temperature rise tests and after temperature rise tests.
b)
Tests for one unit of the power transformer per rating per contract for design proof. This unit shall be tested on the first lot. If it fails, all units shall be considered as failed as well. Further investigation shall be utilized, and solutions shall be proposed and approved by HCMC PC. 
· Temperature rise test

· Lightning impulse chopped on tail test on each line terminals with the following  sequence:
1. One reduced full wave.

2. One full wave.

3. One or more reduced chopped wave.

4. Two full chopped wave

5. Two full wave.

· Measurement of the harmonic content of no- load current at 90%, 100% and 110% of rated voltage at rated frequency;

· Pressure and vacuum test;

b) Test for all units of the oil filter
· General inspection
· Operation test
· Oil leakage test at the oil pressure 6 bars for 30 minutes (oil filter tank only)
d)
Site Test
The following tests shall be performed at site as a minimum requirement:
· Measurement of the excitation current with low voltage (AC 3-phase) when the transformer is completely de-magnetized 

· Oil tightness test on tank at 0.3 bar over oil level, 24 hours

· Measurement of voltage ratio at all tap positions 

· Check of vector group by voltmeter method 

· Measurement of winding resistances at all tap positions

· Measurement of the winding insulation resistances (R15, R60, R180, R600) at 5000VDC

· Measurement of the insulation resistance (R60) between the core and tank at 2000VDC 

· Measurement of the insulation resistance on auxiliary wiring at 1000V,DC 

· Measurement of the dielectric strength of the insulation oil 

· Measurement of tan ( value of oil 

· Dissolved gas-in-oil analysis 

· Check of water content in ppmw. for oil 

· Re-calibration and current injection test on winding temperature indicators (45min) 

· Functional test on cooling plant, including check of rotation direction of motors 

· Functional tests on control and supervisory equipment

· Functional tests on OLTC equipment 

· Visual checks
4.3
Lightning impulse voltage withstand test and temperature rise test other than that stated in the relevant reference standard may be offered. If they are, the full details of the proposed test must be submitted with the quotation, and written in English.
4.4
The factory test report shall be sent before or together with the transformer’s delivery, otherwise HCMC PC shall regard it as a non-delivery of transformers and claim for penalty on late shipment.
4.5
HCMC PC reserves the right to send the representatives at his expense to inspect and witness tests of the material and equipment during manufacturing, at the time of shipment or at any time he deems necessary. The supplier shall provide free access to the facilities where the equipment is being manufactured, and shall satisfy the representative that the material and equipment are in accordance with this specification and the purchase contract.
4.6
Prior to the shipment, the supplier shall submit to HCMC PC the complete and certified reports of all tests six copies. The test reports shall contain all data required for their complete understanding such as: diagrams, methods, instruments, constants and values used in the tests and the results obtained. If HCMC PC has his own inspector, the supplier shall submit all the above test reports to the inspector and the inspector himself shall certify the witnessed test report and review the remainder before submitting to HCMC PC. 
5. Drawings and Instructions

5.1
Supplier shall furnish seven copies each of the following items as soon as possible for the design approval by HCMC PC.
a)
Outline drawings of transformer and accessories showing all critical dimensions and weights, including the followings:-
· Base mounting dimensions
· Bushing and cable box locations
· High voltage and low voltage terminal arrangement
· Control cabinet size and location
· Connection points for all external connections
· Conservator(s) and liquid circuit demonstrating oil preservation
· Nameplate connection plate and all other designation plate drawings
b)
All schematic diagrams, wiring diagrams including fan control and on load tap changing control.
c)
Equipment layout, including mounting details, control circuit diagrams, drawings necessary for the successful installation, operating and maintenance for the oil filter unit for the on-load tap changer.
d)
Operating manuals for on-load tap changer, oil filter unit for on-load tap changer etc.
e)
Manual for handling and checking during transportation and storage.

f)
Catalog and/or details of all auxiliary equipment.
g)
The final design short circuit strength calculations including basic equations and references to the literature.
h)
The overloading curve sheets shall include:
· The curves showing the loading capacity (in per cent of the rated current) in steady-state condition on the principal tapping and the permissible top oil temperature at the loading in question as a function of the cooling air temperature within the range of  0...+50°C. The overloading curves shall be based on the winding hottest spot temperature of +120°C and on the top oil temperature of +100°C, according to which of the two constitutes the limiting factor in each case. The conditions shall be stated on the curve sheet.
· The curves showing the additional short time loading capacity in percent of the above mentioned steady state loading capacity (thus not in percent of the rated current) as a function of the loading time within the limits of 15...480 min, when the preceding continuous loadings are 50%, 75% and 100% of the corresponding steady-state loading capacity. Separate curves shall be prepared for the winding hottest-spot temperatures of +120°C and +140°C; the oil temperature must not exceed +115°C. (The curves based on the temperature of +120°C thus represent the additional short time loading capacity resulting from the heat accumulation alone.) Since these curves depend slightly on the cooling air temperature, too, they shall be calculated for a cooling air temperature of +35°C.
· The data concerning the loading capacity on the extreme tappings in per cent of the loading capacity on the principal tapping. The voltage at the LV terminals is assumed as being kept constant at its rated value.

Should limitations be imposed on the overloading capacity by the current carrying capacity of any part, this shall be stated on the curve sheet. The final overloading curves shall be based on the results of the temperature rise test.
If any of the drawings and data mentioned above are not submitted to HCMC PC within 60 days after the issuing date of contract, the supplier shall be penalized USD40 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 45 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 additional information, the supplier cannot regard lost time as reason for extending delivery time without penalty.
5.2
Supplier shall furnish six copies each in hard copy and four copies each in CD of the following items, at least 30 days prior to the first shipment of the equipment.
a)
Final certified drawings of all items listed in Item 5.1 above
b)
Final certified wiring diagrams of auxiliary equipment
c)
Final certified nameplate drawing
d) 
Complete installation and maintenance instructions
e) 
Temperature characteristic curve of winding and oil from temperature rise test
f)
Winding diagrams (internal wiring, terminal arrangement, etc.)

g)
Final certified dimensional drawings
h)
Photograph of complete transformer winding and core before putting inside the main tank
5.3
In addition to the above, one complete set of final certified dimensional drawings and installation instructions shall be attached to or boxed with each transformer at the time of shipment.
5.4
All drawings except standard ship drawings, characteristic curves and installation instructions shall have the contract number marked thereon.
5.5
All drawings shall be provided with both horizontal and vertical zone markings on the frames of the drawings for the sake of quick reference when locating a particular position on them.  The zone markings on the horizontal frame are preferred to be numerals and those on the vertical frame are preferred to be in letters. The zone identification on the drawings shall then, for example, be A5, D7 etc.
5.6
All drawings and instructions shall be in ENGLISH. Information on the drawings shall be engineering lettering. Instruction manual shall be machine printed or typed.
5.7
All measurements and quantities shall be expressed in the unit of the METRIC SYSTEM. If they are expressed in other system, the metric equivalent shall also be shown.
6. Ratings and Features

Transformer shall have the following minimum ratings when operated at site and service condition specified elsewhere in this specification.

6.1 
Type of cooling
ONAN/ONAF
6.2
Rated power with respect to type of cooling
50/63 MVA 
(full capacity at all tapping positions)
6.3
Phase
3 phases
6.4
Frequency  
50 Hz

6.5
Rated voltage

- HV
115 kV


- LV
15.75/23 kV


- TV
11 kV

6.6
Primary load tap changing equipment
On-load +/- 9 x 1.78%
6.7
Insulation level 

	Voltage 
Rating
	Impulse 
withstand voltage
	Power frequency 

withstand voltage

	115 kV
	550 kV
	230 kV

	115 kV Neutral
	350 kV
	140 kV

	15.75/23 kV
	125 kV
	50 kV

	15.75/23 kV Neutral 
	125 kV
	50 kV

	11 kV (tertiary)
	75 kV
	28 kV


6.8
Vector group
YNyn0d11
6.9 
Impedance voltage (at principal tapping)
14% at 10th tapping and 63 MVA base
6.10
Auxiliary supply voltage
-
AC power supply
380/220V

-
DC power supply
110/220V
7. General Requirements 

7.1
Design of the transformer shall be such that the transformer will be able to withstand dismantling, transportation and re-assembly at the job site without damage to core, tank or other components.
7.2
The transformer, when on any tapping, shall have overloading capabilities in accordance with IEC 60076-7 and shall be capable of withstanding at least 2 seconds, without deformation injury, the thermal and mechanical effects of external short circuit conditions, such fault currents as may arise from any type of fault, full voltage maintained on all other windings (zero source impedance) unless otherwise specified. Taps from the transformer winding for connection to the on load tap changer shall be provided at the middle range of each winding only.
7.3
The sound pressure level limit is 80 dB (A) in a distance of 3.0m.
7.4
Transformer and components shall be designed and constructed so as not to cause interference with radio reception or telephone communication circuits in accordance with modern practices.
7.5
The overall dimensions of the transformer including radiators shall not exceed 766cm in length, 600cm in width and 650cm in height.
7.6
The high voltage bushing must be opposite to the low voltage cable box. The middle phase of high voltage bushings, the middle phase of the surge arresters and the center line of low voltage cable box must be aligned and parallel to the center line of the transformer.

7.7
The transformer, high voltage bushing type, when installed on the foundation shall provide enough clearance between the transformer and wall for the operating personnel to access HV termination comfortably. The center of gravity of the transformer shall be within a 50cm radius from the center of the foundation when installed.
7.8
The transport dimensions shall be not more than 5.00m in height;
7.9
The maximum permissible temperature rises of the transformer are as follows:-
	Hot spot
	78°C

	Average winding
	60°C

	Top oil
	55°C


7.10
The insulating oil furnished for use in the power transformer and tap changer compartment shall be prepared and refined specifically for use in transformer and shall be free from adulterants or other materials injurious to its insulating properties. The oil shall be class II in according to IEC 60296 “Specification for New Insulating Oils for Transformers and Switchgear.”


In addition, the kinematics viscosity shall not exceed 9.0mm2/s at 40°C, and the dielectric dissipation factor at 100oC shall not exceed 0.01% after treatment as above. The transformer oil shall be free of PCB and other hazardous substances. The oil type must contain an anti‑oxidant additive such as DIALA BX. The oil must less than 50 parts per million of PCB.
7.11
Current transformers for winding temperature shall be furnished and rated to suit the equipment being connected.
7.12
All power supply and control cables to be connected to the transformer shall be terminated at the terminal blocks in the control cabinet only. All terminal blocks shall be stud and nut type terminal points with connection clearly visible. Suitable lugs or cup washers for full wrap connection of 4mm2 copper wires or equal for all external connections shall be furnished.
7.13
The wiring between the devices in the transformer shall be run in rigid and flexible conduits. Wiring by armored cable is also acceptable. All wirings between each equipment and local control cubicle shall be made from the factory. If some equipment has to be disconnected during transportation, the disconnection of the wirings is allowed but it shall be provided with facilities in order to reconnect immediately without any modification such as plug in connector. Drawing showing wiring details shall be approved from HCMC PC before delivery of transformer.
7.14
Special care shall be taken to prevent moisture from getting into the main tank during transportation and storage. If the transformer is shipped with oil filled to the level over the core and coil, it shall be topped with pressurized nitrogen gas and monitored with a gas pressure gauge. If the oil filled is not up to the top core level, an appropriate method shall be applied to keep the nitrogen pressurized in the tank and to compensate the nitrogen loss during transportation and storage. Manuals for handling and checking during transportation and storage shall be sent to HCMC PC together with the items required in Item 5.1.
7.15
Suitable valves shall be provided at appropriate places for convenience in maintenance and installation. When it is required to dismantle any devices there shall be no need to drain the oil in the main tank or in the conservator.
7.16
The transformer shall be suitable to be installed on a concrete foundation. The end of every base beam shall be curved upward to facilitate when moving the transformer.
7.17
Flexible metallic oil pipes shall be applied to the oil pipe between the gas relay and the oil conservator for convenience of assembly. The oil pipe between conservator and main tank shall be arranged so that it will not obstruct any maintenance work.
7.18
All oil valves shall be flange type with suitable blind cover plates.
7.19
Shock recorder(s) shall be installed from the factory to record the three dimensional impacts affected to the transformer during transportation. The supplier can receive the shock recorder(s) back after complete installation.
8. Painting

8.1
Extra protection shall be given to all exposed metal surfaces and parts of a transformer where condensation may occur in order to withstand the effect of a high humidity tropical climate.
8.2
Before painting all metal surfaces shall be thoroughly cleaned of rust, scale, grease and dirt and other foreign matter and all imperfections by shot blasting (e.g in accordance with DIN 55928 Part 4 or SIS 055900).
Paint shall be applied by a process that can ensure that all surfaces both accessible and inaccessible are coated to the same paint thickness. The following treatments shall be applied. External surfaces shall be painted in the following sequence: 

· Two primer coats 2 x 35 m

· Binder: Epoxy resin hardened with polyamide

· Pigment: Titanium dioxide, zinc oxide, zinc phosphate, tinting  additives

· One intermediate coat 35m

· Binder: Epoxy resin hardened with polyamide

· Pigment: Titanium dioxide, micaceous iron oxide, tinting additives

· One top coats (polyurethane base) 35m

· Binder: Polyurethane hardened with isocyanate

· Pigment: Titanium dioxide, micaceous iron oxide, tinting additives

Total coating thickness (dry-film) min. 140m

The final coat of painting shall be of pore-free and homogeneous quality and shall be of a uniform shade of code RAL 9002 or equivalent.

If any hot-dip galvanized steel parts will be provided the same painting method shall be applied, however, instead of two primer coats one adhesive coat and one base coat shall be applied. In this case, the mean thickness of galvanizing shall be 55m.
9. Tank and Cover

9.1
Tank and cover shall be constructed of welded steel plate suitable reinforced.  The transformer tank shall be of the upper flange type without reinforced cover, and shall have a rectangular shape. All seams and joints other than those of such tank covers, which may be jointed to the upper flange of the tank by welding, shall be welded both inside and outside of the tank to secure strong, leak-proof joints.

Any kind of laminated tank covers are not acceptable.
The tank bottom shall be of one plane and shall be a heavy rigid base structure. The four tank walls shall be plane and of one piece each and shall be welded directly onto the tank bottom without steps. Any kind of bell-type tanks is not acceptable. Laminated tank bottom will not be accepted.

9.2
The tank bottom shall be of a rigid base structure. In case of a self-supporting tank bottom without heavy steel cross beams the bottom plate shall have a minimum thickness of 40mm.
9.3
The completely assembled transformer shall be oil and gas tight and shall be capable of withstanding without damage, under service conditions, the forces arising under pressure conditions exceeding 25% over the maximum operating pressure, resulting from the system of oil preservation used. In any case the assembled transformer tank shall withstand (14PSI from atmospheric pressure.

The completely assembled tank including radiators, conservators, and associated oil piping shall be fully vacuum proof.
Tap-changer compartments and insulating barriers shall have adequate strength to resist, without suffering significant permanent distortion or damage of any sort, the forces resulting from the application of a full internal vacuum at sea level. 
In the case of insulating barriers, the vacuum is unequalized (i.e.  applied from one side only, against atmospheric and oil pressure on the other side), and applied internally from either side. 

9.4
Wherever possible, the transformer tank and its accessories shall be designed without pockets wherein gas may collect. For this purpose the tank cover shall be especially designed. Both ends of the tank cover shall be connected to the main expansion pipe via air-vent pipes. Where pockets cannot be avoided, pipes shall be provided to vent the gas into the main expansion pipe. The vent pipes shall have minimum inside diameter 25mm.
9.5
The transformers shall be equipped with manholes and/or hand-holes of suitable size to facilitate installation and mainten​ance (e.g. tap changers, current transformers, bushings etc.). All openings in the cover of the transformer tank for bushings, manholes and terminal boxes shall be provided with adequate flanges. 
Covers for inspection openings, bushings, hand-holes etc. located directly on the tank cover shall be provided with adequate gas stoppers. All inspection covers shall be provided with two lifting handles each. It must be possible to remove any bushing without removing the tank cover. 

The manholes for tap changers shall have size of minimum 800mm in height and 350mm in width, and shall be arranged in a convenient floor height
9.6
In order to prevent tank deformation during operation, pressure relief devices of adequate size shall be mounted directly onto the tank cover for rapid release of any pressure that might be generated within the tank and cause damage to the equipment. The device shall operate at a static pressure which shall be less than the hydraulic test pressure. To prevent ingress of rain and dust, special precautions have to be taken for all equipment arranged on transformer tank and conservator.

The nominal operating pressure of the devices shall not exceed 0.7bar (or 10PSI).

9.7
Skids of a rigid construction shall be provided to allow skidding in any direc​tions. In case of skids being provided of solid mild steel their thickness shall be at least 40mm.
9.8
All connections bolted to the tank shall be fitted with suitable gas and oil resistant gaskets made of such a material that no serious deterioration occurs under service conditions, i.e. heat and oil resistant nitrile rubber. All gaskets shall be of closed design (without open ends) and shall be of one piece only. Rubber gaskets used for flange connections of the various oil compartments shall be laid in grooves or groove-equivalent retainers on both sides of the gasket throughout their total length. Care shall be taken to secure uniformly distributed mechanical pressure over the gaskets and retainers through the total length. Use of hemp as gasket material is also prohibited.
9.9
The vent pipes shall have minimum inside diameter of 25 mm. Both ends of the tank cover shall be connected to the main expansion pipe. The related elbow turrets shall be connected through vent pipes as above to Buchholz relay.
9.10
The tank cover and all covers for mounting, cleaning, manholes, hand-holes and inspection openings on tank etc. shall be earthed by suitable grounding conductors of the flexible type having a cross section of minimum 50 mm2. Appropriate earthing studs with bolts and washers made of stainless steel shall be provided.
10. Core and Coils

10.1
The magnetic core shall be of the three-limb core type made of laminations of non-aging silicon steel of high permeability without burrs. Each lamination shall be insulated with high quality insulation coating. The joints of limbs and yokes shall be designed and constructed to keep the losses as low as pos​sible.

The core and its clamping plates shall form a rigid unit struc​ture which shall maintain its form and position under the severe stresses encountered during shipment, installation and short circuits. Care shall be taken to secure uniformly distributed mechanical pressure over all the laminations to prevent setting of the core and to limit noise and vibrations to a minimum under service conditions.
In order to prevent closed magnetic circuit via the tank, the top main core clamping structure shall not be connected to the tank cover.
The magnetic core shall be earthed to the tank cover at one point only through removable links in an appropriate terminal box, placed in an accessible position on the tank cover and which, by disconnection, will enable the insulation between the core and transformer tank, etc., to be tested at voltages up to 2.5kV for the purpose of checking deterioration during service.
Magnetic circuits with an insulated sectional construction shall be provided with a separate link for each individual section. Where oil ducts or insulating barriers parallel to the plane of the laminations divide the magnetic circuit into two or more electrically separate parts, the ducts or barriers shall be bridged and the magnetic circuit shall not be regarded as being of sectional construction.
The main earthing connection shall have a cross-sectional area of not less than 95mm2 but connections inserted between lami​nations may have cross-sectional area reduced to a minimum of 20 mm2. 
10.2
Winding coils shall be assembled in a manner best suited for the particular application. The complete winding assembly shall be made, shaped and braced to provide for expansion and contraction due to temperature changes and to provide rigidity to resist movement caused by abnormal operating conditions or shipment in order to avoid abrasion or deformation of insulation. Adequate barriers shall be provided between winding and core and between high-voltage and low-voltage windings. 
End coils shall have additional protection against abnormal line disturbance. The insulation material of windings and connections shall be free from insulation compositions subject to softening, shrinking or collapsing during service. Moreover, none of the material used shall disintegrate, carbonize or become brittle under the action of hot oil, under all load conditions. The coils must be capable of withstanding movement and distortion caused by all operating conditions as specified in IEC 60076-7. Adequate barriers shall be provided between windings and core as well as between high voltage and low voltage windings. All leads or bars from the windings to the terminal boxes and bushings shall be rigidly supported. Stresses on coils and connections must be avoided.

10.3
Winding conductors shall be copper free from scales, burrs, and splinters and shall be uniformly insulated. Permanent current carrying joints shall be welded or razed, properly formed, finished and insulated.
10.4
To increase the capability of the transformers of withstanding the dynamic forces under short circuit conditions modern technology in design and construction shall be applied (e.g. low current density, pre-drying and pre-compressing of the windings before mounting onto the core etc.).
10.5 
All windings and their leads shall be designed and arranged such as to withstand all types of transferred over-voltage. Protective capacitor shall not be provided for any of the windings. Non-linear ZnO protective elements in any windings other than the regulation windings will not be accepted.

To reduce the temperature rise and therefore expand the life time of the power transformers, modern technology in design and construction shall be applied to control current density.
High voltage winding shall be interleaved design. All CTC used windings’ conductors shall be epoxy bonded and all windings’ conductors shall be thermally and dielectrically upgraded paper insulated.
Electrolytic copper of a high conductivity and insulation material of high quality (class A or better, in accordance with IEC 60085) shall be used. The insulation material of windings and connections shall be free from insulation compounds subject to softening, shrinking or collapse during service. Moreover, none of the material used shall disintegrate, carbonise or become brittle under the action of hot oil, under all load conditions.
11. Oil Preservation System

11.1
Conservator system shall be equipped with elastic diaphragms of the air-bag type. The conservator shall be provided with a single-float Buchholz relay at the highest point as a leakage detector for diaphragm. Magnetic type oil level indicators showing the full level range shall be fitted to all oil vessels, being clearly marked with the normal level. To avoid impermissible stresses from diverter switch compartment of OLTC to that of the transformer main tank all conservator compartments shall be designed in such a manner that at the same oil temperature all oil levels are nearly equal. The conservator vessels shall be fully vacuum proof and designed in such a way that it can be completely drained by means of the drain valve, when in service. 
Each conservator vessel shall be furnished with a cleaning opening. A vacuum equalizing valve between the conservators shall be provided at top of conservator tank. Conservator tank with low-profile design having a moisture-proof barrier made with an oil-resisting rubber diaphragm as specified above shall be applied and placed at the level slightly higher than the transformer tank in such a position that will not obstruct the maintenance of the tap changer. 

The oil pipe from the base of the conservator tank shall project into the conservator for a distance of not less than 50mm so as to form a water trap.
One end of the conservator shall be fixed by bolts so that it can be removed to enable the tank to be cleaned. 

11.2
Conservator tanks shall be sized to accommodate the change in oil volume which will occur between ambient temperatures of 0(C to 40(C with the transformer operating at full load.
 
It shall have sufficient capacity to allow for oil expansion from 0°C to 120oC.The conservator tanks shall slope towards one end with the drain valve located at the lower end; any other design can also be accepted subject to HCMC PC approval.
11.3
A hand-hole for access to the interior of the conservator and a filling pipe with weather-tight cap shall also be provided. Atmosphere above the diaphragm shall be vented through moisture-proof breathers of the silica gel dehydrating type. Each conser​vator ves​sel shall be fitted with two paral​lel breathers in which only blue silica gel (pink colored when wet) has been filled as a dehydrating agent. The parallel breathers shall be con​nected to the air expansion pipes via two-position three-way valves with captive screwed caps. The three-way cocks shall be provided as to control the breathers in such a manner that each of the two parallel breathers can be in service while the other breather is in standby position, i.e. it must be possible to switch off each of the two parallel silica gel breathers of the same group individually while the other one is still in operation. 
A suitable tool for removing of the cap and operation of the valve shall be fitted to the tank by a fly-nut at an ac​ces​sible position in a convenient floor height. In view of excessive humidity, breathers shall be larger in size and shall be oil-sealed type complete with dust trap. The silica gel breathers as well as all filling and draining devices shall be rigidly fastened at an accessible position in a convenient floor height. The containers for the dehydrating agent and the oil trap shall not be of transparent plastics. The silica gel filling capacity shall be at least 7kg per unit.
11.4
The oil for the on load tap changer shall be in a separate compartment having separate oil level gauge and dehydrate breather. 

The conservator tank for the on-load tap change equipment shall be a separate unit from the overall main tank conservator construction with identical facilities and fittings
12. Cooling Equipment 

12.1
The transformer shall be provided with a sufficient number of radiators and cooling fans to permit operation at the self-cooled and forced-cooled rating without exceeding the specified temperature rise.

The cooling arrangements of all ONAF cooled transformers shall be such that failure of any one part of the cooling transformer will not result in the loss of more than 50% of the total forced cooling capacity.
12.2
Radiators shall be attached to flanges welded into the tank wall and shall be suitably gasketed for oil and gas tight joint. Radiator valves shall be provided on each radiator connection to the tank so that any radiator may be removed for repairs without taking the transformer out of service. The radiator valves shall have the open and closed positions clearly marked. The radiators shall be fitted with lifting lugs, suitable drain and vent plugs so that they can be completely drained and vented. Radiators shall be designed fully vacuum proof and pressure tested and shall be liquid tight. 

The radiators shall be hot dip galvanized and painted.
The design and manufacturing of the radiators shall be such as to assure vibration free operation and absence of any oil leakage, irrespective of wind velocity and atmospheric condition. The radiators shall be sturdy construction and shall be strongly fastened to the tank.
Cooling tubes and radiators shall be designed so that all painted surfaces can be thoroughly cleaned by hand and subsequently painted in-situ by suitable brushes and sprays.
Cooling tubes and radiators shall be so designed as to avoid pockets in which moisture, dust or sand may collect. They shall withstand the pressure tests appropriate to the main tank.
The cooling fins of the radiators shall have nominal width of 520mm, and their height shall not exceed 3.5m. The nominal sheet steel thickness of the radiator walls shall be not less than 1.2mm.
Each forced oil cooler shall be provided with a motor driven oil pump. It shall be possible to remove the pump and motor from the oil without having to lower the level of oil in the transformer tank.
One oil flow indicators with an alarm contact shall be provided for each circulation pump. Oil flow indicator shall indicate by dial the direction of oil flow.
12.3
All motors shall comply at least with IEC 60034. Three-phase motors shall be of the single-cage squirrel cage type.  Bearings of all motors shall be of the ball or roller bearing type.  With the exception of oil-pump motors, the bearings shall be grease lubricated.
 All motor(s) shall be designed for operation at 380/220 V, three phase, 50Hz, totally enclosed, weather-proof, squirrel cage full-voltage starting. The motors shall have individual thermal protection and shall be of the following performance characteristics:

a)
The motors shall be capable of giving rated output without reduction in the expected life span when operated continuously under the following supply conditions:

- Variation of supply voltage from rated motor voltage (10%

- Variation of frequency (5%

- Combined over or under excitation (10%

b)
The motor shall be capable of starting and accelerating the load with the applicable method of starting without excee​ding acceptable winding temperature when the supply voltage is in the range of 85% of the rated supply voltage.
c)
The motor shall be suitable for full voltage direct on line starting.
d)
The vibrations of motors shall be within the limits specified in applicable standards.
e)
Insulation shall be given tropical and fungicidal treatment suitable for hot, humid climate.
f)
All motors shall be labeled indicating kW and A ratings.

12.4
The fans shall form an integral part with their individual motor. The fans shall be made of aluminum alloy or stainless steel, balanced dynamically and equipped with hot-dipped, zinc galvanized guards.
12.5
All equipment necessary for protection and control of the fan motors shall be provided and mounted in the local control cabinet protection class IP 55 including Local-Remote selector switch, on-off push button switches for switching each group of fans. Visual indicators to show the current operating group of fans shall also be provided at the transformer feeder bay board. Each group of fan shall be provided individual circuit breaker. All fan motor controls shall be designed for operation at 230 V, 50 Hz.
12.6
Fans shall be divided into two groups operated in response to two steps of winding temperature relay and oil temperature relay. The selection shall be provided at the remote transformer control board to select either group of fan to be the first group to operate.
The criteria for automatic “on/off” switching operations shall be as follows:-
· First group: Start at oil temp 60°C and stop at oil temp 50°C
· Second group: Start at winding 70°C and stop at winding 60°C
12.7
The electrical supply for the control of the cooling units and for motor drive of OLTC shall be provided by means of two independent feeders (load - break switches) installed in the fan control cabinet and/or marshalling box as specified below. To cover the event of an electrical supply failure, automatic switchover from the first feeder to the second feeder is required. Automatic transfer equipment shall include a time delay relay to prevent immediate transfer from normal to emergency source. 

The fan motors and oil pumps shall be connected to the starting contactors by three individual groups each. Time delay relays shall be provided for sequential starting of the fan groups and oil pumps to prevent mal - operation of the Buchholz relays.

All motor contactors and their associated apparatus shall be designed for the specified control voltage and shall be capable of holding in and operating satisfactorily and without overheating for a period of ten minutes if the supply voltage falls for that period to 85% of normal control voltage. Auxiliary transformers for control voltage shall not be provided.
The contactors shall be protected by means of thermal and magnetising tripping elements. 
However, motor protection switches with an adjustable setting range (approx. 120-150% of rated motor current) are to be provided for each of the fan and pump motors. A group alarm shall be initiated if any fan fails; however, switching off of any further motor of the same group must be avoided. 
Electrical isolation of motor circuits shall be provided to facilitate replacement or repair of individual units during operation of the others. In addition, one main switch with alarm contact shall be provided for each fan/ cooler group. 
Voltage relays of the three- phase type shall be installed for supervision of the voltage supply circuits. 
Change-over-switches with three positions, i.e. for automatic, off and manual control, shall be provided for each of the fan groups and for each oil pump.
The following alarm initiating devices having N.O contacts shall be provided: 

· Auxiliary supply-auto change-over

· Cooling fan’s failure for each cooler group 

· Cooling pump’s failure for each cooler group
The following signal initiating devices having N.O contacts shall be included: 

· Cooling fans start

· Cooling system on automatic control

· Cooling system on manual
13. Surge Arrester
  
13.1
The surge arrester shall be single pole, single column and gapless type. TOV capability curves shall also be submitted for approval. The arrester shall also be supplied complete with operation counter and connecting cables. The line and ground terminal shall already be connected to transformer terminals and counter terminal respectively. The lead from the counter to ground mesh shall be 240mm2 copper conductors properly wired and attached to the transformer tank down to the ground level.

The kind of installation shall also be brought to the attention of the manufacturer of the surge arresters.

13.2
The arresters shall be designed for an area of heavy pollution in accordance with IEC 60137 (2008). 
13.3
The surge counter shall be located near the arresters and readable from ground level standing point.
14. Transformer Terminations

14.1
Transformer terminations are as follows:-
	Primary
	Outdoor bushings (min. creepage distance 25mm /kV)
Bushings shall be of the condenser type equipped with test tap at the bushing flange. Transformer bushings for 72kV and above shall be of the resin impregnated paper type. When filled with transformer oil there shall be no connection with the oil in the transformer and an oil gauge shall be provided. The visible oil levels in the gauge shall correspond to average oil temperatures of from the minimum ambient stated in the Technical Specification to plus 70oC. The oil level at 15oC shall be marked. 
Connections from the main windings to bushings shall be flexible and shall be such that undue mechanical stresses are not imposed on them during assembly on site.
Each condenser bushing shall been marked with the manufacturers name or identification mark and year of manufacture as well as serial number. These marks shall be clearly legible and visible after assembly of fittings and shall be imprinted and not impressed. 

All bushings shall be designed for the highest over-current that can flow through the windings.


	Bushing current transformer
	For 115 kV

First core: 300-400-600-800/1/1/1 A, 30/20 VA class 5P20

Second core: 300-400-600-800/1/1/1 A, 30/20 VA class 5P20

Third core: 300-400-600-800/1/1/1 A, 30 VA class 1
For 115 kV (neutral)

First core: 300-400-600-800/1/1 A, 20/20 VA class 5P20

Second core: 300-400-600-800/1/1 A, 20/20 VA class 5P20

For 23 kV

First core: 1500-2000-2500-3000/1/1/1 A, 30/20 VA class 5P20

Second core: 1500-2000-2500-3000/1/1/1 A, 30/20 VA class 5P20

Third core: 1500-2000-2500-3000/1/1/1 A, 30 VA class 1

For 15,75 kV

First core: 2000-2500-3000-4000/1/1/1 A, 30/20 VA class 5P20

Second core: 2000-2500-3000-4000/1/1/1 A, 30/20 VA class 5P20

Third core: 2000-2500-3000-4000/1/1/1 A, 30 VA class 1

For 23/15,75 kV (neutral)

First core: 1500-2000-2500-3000/1/1 A, 20/20 VA class 5P20

Second core: 1500-2000-2500-3000/1/1 A, 20/20 VA class 5P20


	Secondary
	Outdoor bushings (min. creepage distance 25mm /kV) inside air-filled cable box. 
Bushing for windings below Um = 72.5kV shall be preferably oil - filled as per the DIN standard or equivalent equipped with rigidly fixed solid gas stoppers. DIN equivalent. Bushings for power windings of rated voltage: 33kV and above shall be provided with metallised lower portion.
All bushing connecting nuts, bolts, washers, rings, top side caps shall be of non-magnetic material. 
The bushings shall include all connectors, clamps complete with bolts and nuts necessary for connections to cable termination kit.
Cable box shall be designed to connect maximum six cables 500mm² connections per phase. The cable boxes shall be of the outdoor weather proof type.
Gaskets shall be of synthetic rubber and have a thickness of not less than 5mm. The effective width of the gasket on the inside of the fixing studs or bolts shall not be less than 12mm. Each gasket shall be made of one continuous piece without joints.

Bushing assemblies shall withstand short circuits not less robust than those of the associated transformer in accordance with IEC 76. Cast resin used for bushing assemblies shall be on par with approved standards. The cast resin shall not be affected by continuous immersion in transformer oil at 105oC.
All cable entries shall be vertical from below. A fixture shall be provided on the tank for attaching supports and cleats for all ascending cables.


	Tertiary
	Outdoor bushings (min. creepage distance 25mm /kV)



The glaze shall not be the insulator and shall be of a uniform shade of brown, completely covering all exposed parts of the insulator.

The bushings shall be arranged on the tank cover in such a manner, that removal of the same is possible without lowering of the oil to such a level where the winding are exposed to the atmosphere. Bushings up to Um=52kV shall be arranged in an upright position.
Bushing turrets with removable flanged-on covers on the bushing side shall be provided for all bushings. Removable bushing turrets bolted onto appropriate flanges on the tank cover are also acceptable. Common bushing turrets of an approved design may be provided for bushing up to Um = 52kV. Common bushing turrets shall be provided with two vent plugs each to be arranged at an approved location. Removable bushing turrets shall be provided with minimum two (2) adequate lifting lugs each. All bushing turrets shall be equipped with vent pipes on their highest points which shall be connected to main expansion pipe to route any gas collection through Buchholz relay. Easy access shall be provided for internal connection of bushings without extensive dismasting any external mounting such as radiators etc.
15. Tap Changer

15.1
The on-load tap changer shall be of the on-load tap selector principle. All equipment related to the OLTC shall be supplied by the original OLTC manufacturer. This is also applicable for tie-in resistors, if provided. License products, etc. are not acceptable. For all applications where OLTC are connected directly to line terminals of any of the windings (e.g. in autotransformers) they shall be insulated for a minimum of one basic lightning impulse withstand level higher than that as specified for the related line terminals. The OLTC shall be mounted from the cover into the transformer at the narrow side(s) of the tank. The changers related to the same winding shall be arranged at the same end of the tank.

15.2
The transformers shall be supplied complete with an automatic control on the load tap changer, three phase, and high speed resistor type. All taps rating shall be full capacity. Built-in tank current transformer(s) for voltage regulating devices shall be supplied if required.
15.3
The rated through current of the tap-changer, as defined in 4.17 of IEC 60214, shall not be less than 600A. It shall be able to operate at the emergency and overload ratings of the transformer without damage). 
In addition to the requirements of 8.3 of IEC 60214 for on-load tap-changers, tap-changing equipment shall be capable of carrying the same currents, due to external short-circuits, as the transformer windings with which they are associated. 
15.4
The contact life of the moving and fixed contacts of the on-load tap selector switch at the rated through current (see clause 15.3) shall be 300,000 operations at a minimum. The mechanical life shall be more than 800,000 operations. The number of operations between each maintenance period shall be greater than 50,000 operations. The test reports to support these figures shall be attached to the bid.
15.5
The on-load selector switch shall be housed within a separate oil tight enclosure whose insulating oil can be drained separately from the insulating oil of the transformer through an internal suction pipe led to the ground of the on-load tap changer compartment. Removable bolted covers shall be provided for access to the arcing switch without having to open the main tank or lowering the oil in the main tank. The tap changer head shall be provided with an integrated pressure relief diaphragm (rupture disk) or other relief valve proposed by OLTC manufacturer.
15.6
The protective relay and valve mounted into the oil pipe between the tap changer and oil conservator responding to the oil-flow from the on-load tap selector switch oil compartment toward the oil conservator shall be provided. Other design of protective relays may be accepted subject to HCMC PC’s approval. The protective relay for tap changer shall be equipped with one contact for tripping circuit.
15.7
The tap changer shall be automatically driven by a motor drive assembly which shall be built onto the side of the transformer tank. All components of the motor drive shall be housed together in an IP54 protection class enclosure or which is electrically heated to prevent excessive moisture and which shall allow accommodation of especially supplementary equipment, including control equipment for the stationary oil treatment plant. A hand crank or hand wheel interlocked with the motor control shall also be furnished.

The protection housing shall be of a minimum of 4mm thick aluminum alloy and shall be of an extra large size to prevent impermissible heat and to allow accommodation of special supplementary equipment. Cleaning and surface preparation of the equipment shall be in accordance with General Technical Requirements. However, one primer coat may be omitted for aluminum. 
In the case of swing-frames being installed in the cabinet the hinges of the outer door shall be placed on the side opposite to those of the swing-frames.
15.8
The power supply for load tap changer equipment shall be from a 380/220V, 3 phase, 4 wire grounded neutral, 50Hz or 230V single phase 50Hz source.
15.9
The tap position indicator shall be furnished at the tap changer head as well as at motor operating mechanism and identified by the numbers in sequence. The number “1” shall designate the highest tap voltage; consequently the number “17” indicated the lowest tap voltage. These identifications shall be in perfect correspondence to those indicated in the connection diagram on the nameplate.
15.10
The "raise" function shall move the tap changer to the next higher number of tap position indicator and the "lower" function shall move the tap changer to the next lower number of tap position indicator.
15.11
The following devices shall be provided in the motor drive enclosure:-
a)
“Raise and lower” switch for manual control at the transformer.

b)
“Local-remote” key-switch.

c)
“Selsyn type” transmitter for remote tap position indication. Potentiometer types are also acceptable.

d)
Operation counter.

e)
Circuit breaker for control and power supply circuits.

f)
Circuit breaker for motor protection circuit.

g)
Power "On" indicator.

h)
Local tap position indicator with drag hands to indicate maximum travel. Tap position shall be readable from outside without any obstruction.

i)
Limiting device to prevent travel beyond extreme tap positions.

j)
Contacts to operate remote light to indicate when tap changer is in operation.

k)
Convenient outlet for single phase, 230 Vac and interior lamp.

l)
Terminal block having at least 10% spare terminals.

m)
Hand wheel for manual operation, interlocked with motor control.

n)
Interlock in control circuit to prevent operation in wrong direction of rotation.

o)
Additional contact assembly for sensing the position of tap changer and suitable for use in conjunction with SCADA (Supervisory Control and Data Acquisition) equipment.

p)
Voltage monitoring circuit which shall indicate an alarm in the event the voltage is lower or higher than limit caused by the failure of automatic voltage regulating relay.

q)
Control circuit for preventing continuous operation of tap changers which shall block the operation of motor drive after an adjustable setting time.

15.12
The requirements to be met by the motor drive are summarized below:
· Mechanical indication of step position at the motor drive cabinet

· Transmission of step positions of the transformers to the load dispatch centre and to the local control room. Manual operation in the event of a failure in the electrical supply system.

· Push button remote operation via the local control room and/or via the load dispatch centre and remote tap position indication. 

· Step-by-step operation with automatic stop after each step 

· No interference of the running tap changing procedure by permanent control switch /push button action.

· Operation from local or remote control switch shall cause one tap movement only unless the control switch is returned to the “off” position between successful operations

· Automatic passage control for central taps.

· Automatic restart of tap changing operation after a failure in the electrical supply system, interlocking to be provided against simultaneous raise/ lower operation

· Blocking of end positions by means of limit switches. 

· Protection to prevent over- running of any tap position

· Provisions to be made for parallel running and automatic operation controlled by a voltage regulating device and parallel control unit. Motor operation via push buttons or lower/raise switch. 

· Hand operation by means of a crank handle. It must not be possible to operate the electrical drive when the manual operating gear is in use.

All apparatus and instruments required for remote control as well as the connections and control cables running from the transformers towards the external and internal circuits of the substation are to be provided as specified in the Scope of Work / Scope of Supply.

15.13
In order to extend the maintenance period of the on load tap changer, stationary oil filter unit shall be provided.

Oil will be pumped from the tap changer compartment and pass through the machine oil inlet, strainer, absorbing filter tank, oil outlet and return to the tap changer compartment.
Stationary oil purification plants for drying and cleaning of the insulation oil intermittent operation shall be provided for all on-load tap changers connected to the line terminals of autotransformers and for all OLTC connected to windings having line terminals insulated for Um=245kV and above. The latter requirement is applicable independent on the insulation level of the neutral points to which the OLTCs are connected.

Each oil filter unit shall comply with the following main ratings: 

· Type: outdoor, stationary type 

· Flow rate capacity: not less than 60l/min

· Filter accuracy: 12mm or better

· Residual water content in oil after filter: less than 10 PPM

· Test pressure of tank: min. 5 bars (or 70 PSI) 

There shall be no air bubbles in the filtered oil return from the filter units to the OLTC so that the units can be operated when the OLTC is in the service. 
The oil filter units shall be automatically operated after each tap change operation. The operating time for the pumps shall be variable (adjustable) from 10 to 180 mins.
The oil filter units shall be of the integral type, each having pump and filter elements combined in one filter tank. The filter tanks shall be fixed at the transformer tank on suitable mounting brackets at an approved location. Each filter tank shall be equipped with a pressure gauge with contact for initiating of a signal in case of over pressure. The filter tank cover shall be removable for a ready access to each filter unit for inspection and replacement.
The pumps and filter elements shall be designed to operate with high temperature oil resulting from long time emergency cyclic loading as per IEC 60076-7 and shall not react with mineral oil. The filter elements shall be of the combined type to remove any solid foreign substances and water in the oil. The feed and return pipes of the filter tanks shall have a minimum 25mm inside diameter with standard flange connectors to be connected to the filter units via isolating valves. Appropriate oil sampling valves shall be provided between the isolating valves and the oil filter units. Suitable air release and drain plugs shall be provided for each filter unit.
The complete oil treatment plant shall be delivered by the on-load tap changer manufacturer, and all related control equipment shall be integrated in the motor drive cubicle as specified previously.
16. Remote Control

16.1
For control, indication and fault signaling of each power transformer suitable equipment at the remote location should be delivered including at least the followings:-
a)
Tap position indicator.

b)
Automatic-off-manual selector switch for the on load tap changer.

c)
Raise and lower switch for on load tap changer.

d)
Signal lamp for local control mode for the on load tap changer.

e)
Signal lamp for tap changer in progress.

f)
The automatic voltage regulating relay shall be the electronic voltage regulator type used for automatic control of transformers with a motor driven on-load tap changer.
g)
Alarm annunciator for the following faults as a minimum should be provided. The supply source for the alarm annunciated is 110 Vdc.

· Over oil temperature.

· Low oil level

· On load tap changer low oil level

· Tap changing delay

· Tap out of position

· On load tap changer lower limit

· On load tap changer upper limit

· Winding temperature alarm

· Buchholz alarm

· Buchholz trip*
· Winding temperature trip*
· Transformer relief valve*
· Overcurrent blocking+
· Under voltage blocking

· On load tap changer protective relay trip*
· Transformer differential relay trip
· Phase overcurrent relay trip

· Fan motor circuit trip

· On load tap changer control source trip
· Common alarm from oil filter
*
indicated the fault that free tripping contact shall also be provided.
+
Over current blocking function shall apply monitoring primary current of the transformer at least 2 phase via high voltage side bushing current transformers. Bidder are responsible to supply all equipment need for this function such as overcurrent relay, CT, wiring etc.
h)
Alarm bell and provision for connection to the station alarm horn.

i)
Signal lamp for fan local control mode and oil filter operation.

j)
Automatic-off-manual selector switch and on-off push-button switches for switching each group of fan also has visual indicators to show the current operating group of fan.

k)
Selector switches for selecting either group of fan to be the first group to operate
l)
Terminal block with at least 10% spare terminals
16.2
Each transformer control board shall have an alarm annunciator to describe all faults that develop in the transformer and control or alarm circuit. The annunciator shall be arranged in matrix form complete with inscription visible only while illuminated. When any of the initiating contact operates there shall be flashing visual indication and audible alarm. Pressing of the accept push button shall silence the alarm and steady the flashing indication. The steady visual indication shall be reset by a reset push button after the initiating contact resets. In the case that another initiating contact occurs prior to the reset of the former one, the process shall repeat but with the new corresponding lamp.

All lamps can be tested by pressing the test push button. The numbers and the inscription of each alarm facia shall be described in the bid. At least four blank complete units without any inscription shall be provided for future use.
17. Accessories

Each transformer shall be equipped with at least the accessories listed below. All accessories shall be the products of the reputable manufacturers and shall be of the types which have been successfully used in field service.
a) Transformer nameplate and other designation plates 

1. A rating plate in accordance with IEC 60076. This plate shall also indicate the LI and AC withstand levels for all windings and, in addition, the switching impulse level for windings of Um = 245kV and above. Furthermore, the masses stated on this plate shall include total mass, untanking mass, transportation mass and insulation liquid mass. 
2. A connection diagram shows in detail the internal connections and the voltage vector relationship of the several windings and, in addition, a plan view of the transformer giving the correct physical relationship of the terminals.
3. A loading plan plate showing transport dimensions and masses. This plate shall also warn the machine erection staff, not to remove any cover before filling the tank with oil to such a level where the windings are not exposed to the atmosphere. 
4. A plate showing the location and function of all valves and air release cocks, plugs and all monitoring equipment in the plan view and in the different elevations of the transformer. This plate shall also warn the operator to refer to maintenance instructions before applying vacuum treatment and not to operate vacuum application and vacuum equalizing valves after oil filling under vacuum.
5. Identification plates, alpha- numerical numbered in accordance with the relevant standards, for all fans, marshalling cabinets, breathers, valves including butterfly valves, cocks, accessories etc. (minimum size: 74mm x 26mm). In addition the function (description) of the related devices shall be clearly indicated on these plates. The alpha-numerical numbers on the identification plates shall be of such a size as to be clearly legible from the floor level.
6. A diagram plate indicating the exact oil quantity required in the conservators above minimum level dependent on the oil temperature. 
7. Plates showing in an approved manner all control, measuring and monitoring circuits and terminal blocks. These plates shall be rigidly fixed at the inner side of the front door of the concerned marshalling kiosk plates showing in an approved manner the control circuits and terminal blocks of the OLTC motor drive including filter units, if any. These plates shall be rigidly fixed at the inner side of the front door of the motor drive cubicle.
b) Grounding Two ground pads of copper faced steel shall be welded to the tank with two tapped holes in each pad for installing ground cable connectors. Connectors shall be supplied suitable for 240mm2 copper cables.

Two adequate earthing terminals completely made of stainless steel capable of carrying for 5 seconds the full lower voltage short circuit current of the transformer shall be provided and installed diagonally at the bottom of the transformer tank.
c) Lifting, Pulling and Jacking. Four jacking lugs for raising or lowering the transformers (completely filled with oil) by means of hydraulic jacks. Lugs for lifting the complete transformer. The minimum length of the base of the lugs shall be 300mm for transformers of a weight up to and including 10tons, and 500mm for transformers of a weight above 10tons. Eyes for lifting the core, coil, tank and/or tank cover. Pulling eyes for moving the transformers in any direction.
d) Local Control Cabinet The cabinet shall satisfy the requirement of IP55 or better and shall have either hinged door and lock or provision for pad locking. All protection, control, switching equipment and terminal blocks for internal and external connection shall be installed in this cabinet. The cabinet shall be supplied complete with a moisture control heater with on-off switch and lamp controlled by door switch. Terminal block shall have a minimum of 15% spare points. Sufficient cable glands or removable conduit plate for cable entry shall be provided.
e) Pressure Relief Device Two pressure relief devices of spring loaded type with pin-type operation indicator and trip contact for transformer main tank, arranged on opposite ends on the tank cover.
f) Temperature Indicator The transformers shall be fitted with an oil temperature indicator and a winding temperature indicator. They shall be calibrated in degrees Celsius, and fitted with a hand-reset pointer to register the highest temperature attained.

The indicators with enclosure classification IP54 or better shall be mounted on the transformer tank. The mounting height shall be approximately 1.5m above ground level.


Mechanical protection shall be provided for capillary tubes, and sharp bends avoided.

The winding temperature indicator shall be energized from a current transformer connected to a heater coil, which heats the oil in which the bulb of the indicator is immersed. Terminals and links shall be provided for checking the output of the current transformer on load and disconnecting the current transformer from the heater coil to enable the instrument to be used as an oil temperature indicator. A test winding shall be incorporated in the current transformer and the connection brought out to suitable terminals to enable the operation of the instrument to be checked electrically.


Indicators shall be fitted with adjustable high temperature alarm contacts and, where required, separately adjustable contacts for the cooling plant controls. The adjustment range shall be at least 50 to 120°C for oil temperature indicators and 60 to 150°C for winding temperature indicators. Such adjustments shall be readily effected, but only when the cover has been removed or the device withdrawn. 


The tripping contacts of winding temperature indicators shall be mercury switches. 


An independent pair of voltage-free contacts shall be provided for each function specified and shall be suitable in all respects for the remote operation of auxiliary relays. The contacts shall be changeable from normally open to normally closed
g) Oil Level Indicator A magnetic type hermetically sealed contact shall be provided. The gauge shall be easily readable by an observer at ground level.
h) Gas Relay (Buchholz relay) A combined gas detector and rate of oil flow detector relay shall be provided on the transformer. The relay shall consist of an enclosed chamber with 2 separate floats. A gas bleeder needle valve for extracting gas samples and an inspection window for observing amount and the color of the accumulated gas shall be provided. The relay shall be equipped with two normally open contacts for both alarm and trip circuits.
i) Leakage Detector For Diaphragm

j) Protective Relay for OLTC
k) Oil Filter Valves Top filter press valve and bottom filter press complete with drain valve shall be provided. Suitable caps shall also be furnished. all of these valves shall have minimum 50mm inside diameter and shall be equipped with flanges having adapters with R 1 ½" male thread fitted with screwed cap.

l) Pressure Gauge In case the transformer is shipped nitrogen filled, the pressure gauge shall be provided for checking the gas leakage.
m) Climbing Facilities  One tank access ladder of zinc-power coated mild steel with lockable hinged door securely fixed onto the tank cover and lower parts of the tank (applicable for transformers with ratings of 20MVA and above). Ladders shall be provided with hand-rails of min. 100cm length at the upper end. Hand-rails shall be rigidly fixed on the ladders and onto the transformer tank. If the distance between the ladder and tank cover exceeds 4 cm an appropriate platform (e.g. grating securely fixed in a rigid mounting frame) with hand-rails as specified above shall be provided.
n) Oil sampling valves
 An oil sampling device consisting of a flange and drain plug or other approved device shall be provided in the following locations where applicable:  
· at the bottom of the transformer tank;

· at the bottom of each separate tap-changer selector compartment; 

· in the pipe running between the transformer and the radiator to allow an oil sample to be taken from the main oil flow path;

· at the free flange of the main and diverter conservator drain valve;

· on the free flange of the tap-changer diverter chamber; and 

· at the end of the main Buchholz relay sample pipe. 

These points shall all be numbered on the sampling point with the number corresponding to the same point on the valve function plate.
18. Transformer Losses and Evaluated Cost

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

A = B +9,461C +5,259(D+G)


Where

A = Evaluated cost of transformer in US Dollars
B = Unit cost of transformer converted in US Dollars 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
G = Cooling loss in kW
19. Tolerances and Penalty


19.1 
Tolerance on the losses shall be limited to the following values:
No load loss:   15%
No load loss + Load loss:   10%
Individual transformer with losses beyond the limits will be rejected unless the supplier agrees to increase his guaranteed value as mentioned in Item 19.3.
19.2
The average losses of all transformers if they exceed the guaranteed value but within the limits of tolerance, the supplier shall compensate at a level of 1.5 times of the evaluation formula, where N is the number of transformers.
19.3
If the supplier agrees to increase his guaranteed value so the transformer with maximum loss will be in the limits of tolerance, the compensation for each increased kW of guaranteed loss shall be 2 times of evaluation formula, where N is the number of transformers.

After that the average loss will be compared to the new increased guarantee loss the same method as Item 19.2.

19.4
Sound pressure level - The supplier will be penalized with USD7,500 per excessive dB. 

19.5
Impedance voltage - The individual transformer with impedance voltage less than the limit and can be used in HCMC PC’s system (according to HCMC PC’s system which will be considered case by case) shall be penalized at USD49,200 per percent of the reduced impedance voltage, otherwise it shall be rejected.
 
20. Additional Requirements for Marking and Packing

Each individual container such as package, box, crate, case or bundle or piece of loose materials of each shipment shall be plainly tagged or marked according and corresponding to the invoice and packing list for easy identification.

In the event that you supply more than one transformer, parts belonging to different transformers shall not be packed within the same container or bundle. The packages will be lettered and numbered by the supplier to designate transformer, package number and total number of the packages being shipped, for example, two transformers are supplied:
A - 1/5, A - 2/5, ----- A - 5/5 for the first transformer

B - 1/7, B - 2/7, ----- B - 7/7 for the second transformer

The letters designate the transformer, the first digit designates the package number and the second digit designates the total number of packages in the shipment.

Spare parts, if ordered, shall be separately packed in other container or bundle on which the words "SPARE PARTS" are marked for the purpose of quick identification and shall be shipped with the first shipment.

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.

21. Additional Requirement for Responsibility

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

Technical Filled-Form
	TECHNICAL FILLED-FORM NO: HCMC PC-PT-01
POWER TRANSFORMER 



	ITEM
	DESCRIPTION
	UNITS
	REQUIRED
	GUARANTEED

	1.0
	Manufacturer
	-
	-
	

	1.1
	Type
	-
	Three-phase 
with 3 windings
	

	1.2
	Class
	
	Oil immerse
	

	2.0
	Rated data and characteristics
	
	
	

	2.1
	Rated power:

- HV (Rated power for all tap positions)
- MV (with LV unloaded) 
- LV (with HV fully loaded)
	MVA

MVA
MVA
	-

-
-
	

	2.2
	Cooling
	-
	ONAN/ONAF
	

	2.3
	Rated voltage 
- HV winding (on principal tap)
- MV winding
- LV winding
	kV r.m.s.
kV r.m.s.
kV r.m.s.
	-
-
-
	

	2.4
	Frequency
	Hz
	50
	

	2.5
	Connection of the three-phase windings (group of vectors IEC 60076)
	-
	-
	

	2.6
	Rated current at ONAN  rated power and rated voltage on principal tap:
	
	
	

	
	- HV winding
- MV winding
- LV winding
	A
A
A
	-
-
-
	

	2.7
	Power Capacity
	
	
	

	2.7.1
	Maximum continuous rating on any tapping with rated cooling ONAF:
- HV
- MV (with LV unloaded) 
- LV (with HV fully loaded)
	MVA
MVA
MVA
	-
-
-
	

	2.7.2
	Maximum continuous rating on any tapping with rated cooling ONAN:
- HV
- MV (with LV unloaded) 
- LV (with HV fully loaded)
	MVA
MVA
MVA
	-
-
-
	

	2.8
	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
	°C

°C
	60

55
	

	2.9
	Permissible overload in emergency cases:

- long-time emergency loading based on highest winding temperature which exceeds by 20°C of the guaranteed limit
	MVA
	
	

	2.10
	Guaranteed Impedances
	
	
	

	2.10.1
	Ohmic impedance at 75oC and rated frequency based on the maximum HV rating
	
	
	

	
	HV/LV

- on principal tapping
- on extreme plus tapping
- on extreme minus tapping 
	%
%
%
	-
-
-
	

	2.10.2
	Tolerance applicable to the guaranteed impedance
	
	
	

	
	HV/LV

- on principal tapping
- on extreme plus tapping
- on extreme minus tapping 
	%
%
%
	-
-
-
	

	2.10.3
	Zero sequence impedance 
	
	 
	

	
	HV/LV

- on principal tapping
- on extreme plus tapping
- on extreme minus tapping 
	%
%
%
	-
-
-
	

	
	HV/Neutral

- on principal tapping
- on extreme plus tapping
- on extreme minus tapping 
	%
%
%
	-
-
-
	

	
	LV/Neutral

- on principal tapping
- on extreme plus tapping
- on extreme minus tapping 
	%
%
%
	-
-
-
	

	2.11
	Transformer capacity to withstand external short circuits:
	
	
	

	2.11.1
	Short circuit duration
	sec
	2
	

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

	
	- HV winding
	kA r.m.s.
kA (peak)
	-
-
	

	
	- LV winding
	kA r.m.s.
kA (peak)
	-
-
	

	
	- TV winding
	kA r.m.s.
kA (peak)
	-
-
	

	
	- pre-fault voltage
	p.u.
	1.10
	

	2.12
	Guaranteed losses
	
	
	

	2.12.1
	No-load loss at rated frequency and on the principal tapping (no plus tolerance allowed)
- at 100% of the rated voltage 
- at 110% of the rated voltage

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

	2.12.2
	Tolerance to be applied to no-load losses (in %  of guaranteed value)
	%
	+15
	

	2.12.3
	Load loss (I2R +stray) at 75oC and the maximum HV rating and rated frequency (no plus tolerance allowed)
- on principal tapping
- on extreme plus tapping
- on extreme minus tapping 

(design calculation sheet shall be submitted with the bid)
	

kW
kW
kW
	

-
-
-
	

	2.12.4
	Inputs of coolers for maximum rated output in service
	
	
	

	
	Fans

- power 
- current
	
kW
A
	
-
-
	

	
	Oil pumps

- power 
- current
	
kW
A
	
-
-
	

	2.12.5
	Tolerance to be applied to total losses (in % of guaranteed value) for all the windings
	%
	+10
	

	2.13
2.13.1
	Rated insulation level:

Short time power frequency withstand:

- HV
- HV neutral
- LV
- LV neutral
- TV
	kV r.m.s.
kV r.m.s.
kV r.m.s.
kV r.m.s.
kV r.m.s.
	230
140
50
50
28
	

	2.13.2
	Basic impulse level:
	
	
	

	
	- HV
- HV neutral
- LV
- LV neutral
- TV
	kV (peak)
kV (peak)
kV (peak)
kV (peak)
kV (peak)
	550
350
125
125
125
	

	2.13.3
	Induced-overvoltage withstand test voltage:
	
	
	

	
	- HV to earth
- LV to earth

	kV r.m.s.
kV r.m.s.
	-
-
	

	
	Between line terminals 
	
	
	

	
	- HV 
- LV
	kV r.m.s.
kV r.m.s.
	-
-
	

	
	- test frequency 
- test duration
	Hz
second
	-
-
	

	2.14
	Audible noise level
	
	
	

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

	2.15
	Radio Interference Voltage at 0.5 MHz
as per IEC 60694
	(V
	-

	

	2.16
	Core:

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

	2.17
	Oil:

- manufacturer
- type
- standard
- data sheet attached
	-
-
-
-
	-
-
-
-
	

	2.18
	Tank and radiators
	
	
	

	2.18.1
	Tank :

- manufacturer

- thickness
   - cover
   - side
   - bottom 
	-


mm
mm
mm
	-


-
-
-
	

	2.18.2
	Radiator :

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

	2.18.3
	Safe withstand vacuum at sea level
	kPa
	-
	

	2.18.4
	Base plate thickness
	mm
	-
	

	2.19
	Motor (force cooling) :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	2.20
	Bushings:
	
	
	

	2.20.1
	HV bushings;
- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal material
- creepage distance
	kV
-
-
A
kA r.m.s. 
kV (peak)
kV r.m.s.

-
mm
	-
-
-
-
-
-
-

-
-
	

	2.20.2
	LV bushings:
- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal material
- creepage distance
	kV
-
-
A
kA r.m.s. 
kV (peak)
kV r.m.s.

-
mm
	-
-
-
-
-
-
-

-
-
	

	2.20.3
	TV bushings:
- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal material
- creepage distance
	kV
-
-
A
kA r.m.s.
kV (peak) 
kV r.m.s.

-
mm
	-
-
-
-
-
-
-

-
-
	

	2.20.4
	HV Neutral bushing:
- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal material
- creepage distance
	kV
-
-
A
kA r.m.s. 
kV (peak) 
kV r.m.s.

-
mm
	-
-
-
-
-
-
-

-
-
	

	2.20.5
	LV Neutral bushing:
- class
- manufacturer
- type designation
- rated current
- short circuit withstand
- basic insulation level
- power frequency withstand for 1 minute
- terminal material
- creepage distance
	kV
-
-
A
kA r.m.s. 
kV (peak) 
kV r.m.s.

-
mm
	-
-
-
-
-
-
-

-
-
	

	2.21
	Current Transformers:
	
	
	

	2.21.1
	HV:
- manufacturer 
- number of core per bushing
- primary current
- secondary current
- accuracy class
- ratio
- short circuit withstand
- continuous secondary current thermal limit
	-
-
-
-
-
-
kA
A
	-
-
-
-
-
-
-
-
	

	2.21.2
	LV:
- manufacturer 
- number of core per bushing
- primary current
- secondary current
- accuracy class
- ratio
- short circuit withstand
- continuous secondary current thermal limit
	-
-
-
-
-
-
kA
A
	-
-
-
-
-
-
-
-
	

	2.21.3
	TV:
- manufacturer 
- number of core per bushing
- primary current
- secondary current
- accuracy class
- ratio
- short circuit withstand
- continuous secondary current thermal limit
	-
-
-
-
-
-
kA
A
	-
-
-
-
-
-
-
-
	

	2.21.4
	HV Neutral:
- manufacturer 
- number of core per bushing
- primary current
- secondary current
- accuracy class
- ratio
- short circuit withstand
- continuous secondary current thermal limit
	-
-
-
-
-
-
kA
A
	-
-
-
-
-
-
-
-
	

	2.21.5
	LV Neutral:
- manufacturer 
- number of core per bushing
- primary current
- secondary current
- accuracy class
- ratio
- short circuit withstand
- continuous secondary current thermal limit

	-
-
-
-
-
-
kA
A
	-
-
-
-
-
-
-
-
	

	2.22
	On-load tap changers:
- manufacturer
- model

- type 

- diagrammatic arrangement drawing no. 
	-
-
-
-

	-
-
CFVV
To be enclosed
with bid
	

	
	- tap transition device
	-
	resistor
	

	
	- contact life at rated through current
	No. of operation
	> 300,000
	

	2.22.1
	Tapping range in percentage on the principle tapping:

- maximum
- minimum
- number of step
- size of step
- number of position (including transition position)
	%
%
-
%
-
	 
-
-
-
-
-

	

	2.22.2
	Nominal 50 Hz rating of tap changer:

- voltage
- current
	kV
A
	-
-
	

	2.22.3
	Insulation level of tap changer:

- BIL to ground through the regulating coil
- Power frequency withstand voltage for 1min through the regulating coil
	kV (peak)

kV r.m.s.
	-

-

	

	2.22.4
	Tap changer contacts:

- selector
- selector switch
- diverter switch
	kV/A
kV/A
kV/A
	-
-
-
	

	2.22.5
	Tap changer transition resistor
	kV/A
	-
	

	2.22.6
	Tap changer driving motor:

- type of driving motor
- power
- current
	3-Ph
kW
A
	-
-
-
	

	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
- TV 
	A/mm2
A/mm2
A/mm2
	-
-
-
	

	3.2
	Winding Design
	
	
	

	3.2.1
	Winding resistance at 75°C:
- 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
-

-

-

-

-

-
-
	

	
	- TV 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 fitting
- coolers
- net copper
- net core steel
	kg
kg
kg
kg
kg
kg
	-
-
-
-
-
-
	

	4.3
	Maximum shipping weight (heaviest item)
	kg
	-
	

	4.4
	Height from foundation to:

- highest point of HV bushing
- highest point of tank
- highest point of conservator tank
- highest point of lifting hook to remove core and coil assembly
	mm
mm
mm
mm
	-
-
-
-
	

	4.5
	Outline  dimensions:

- length
- width
	mm
mm
	-
-
	

	4.6
	Layout drawing no.
	-
	To be enclosed
with bid
	

	4.7
	Maximum shipping dimensions of tank:

- outside height
- outside width
- outside length
	mm
mm
mm
	-
-
-
	

	4.8
	Transportation drawing no 
	-
	To be enclosed
with bid
	

	5.0
	Indicating and Protective devices
	-
	-
	

	5.1
	Winding temperature indicator :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	5.2
	Oil temperature indicator :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	5.3
	Buchholz relay :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	5.4
	Protective relay for  OLTC :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	5.5
	Leakage detector for conservator bag :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	5.6
	Pressure relief device at main tank:

- manufacturer
- type
- operating pressure
	-
-
bar
	-
-
-
	

	5.7
	Pressure relief device at OLTC:

- manufacturer
- type
- operating pressure
	-
-
bar
	-
-
-
	

	5.8
	Dehydrating breathers :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	5.9
	Conservator bag :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	5.10
	Oil level indicator :

- manufacturer
- type
- standard
	-
-
-
	-
-
-
	

	
	
	
	
	

	6.0
	Standards
	
	
	

	6.1
	Manufacturing
	-
	60034 (2000)

60044-1 (2002)

60076-1 (2000)

60076-2 (1993)

60076-3 (2000)

60076-4 (2002)

60076-5 (2006)

60076-7 (2005)

60099-4 (1991)

60137 (2008)

60214-1 (2004)

60214-2 (2004)

60214-2 (2004)
ASTM D877
ANSI C59.2
	

	6.2
	Quality assurance
	-
	ISO 9001
	

	6.3
	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)
	-
	-
	

	6.4
	Design Life Expectation at average 50% load factor
(design calculation shall be submitted with the bid)

	-
	35 years
	


Appendix B
Spare Parts Recommended by Manufacturer 
(Provide detailed list) 

	ITEM
	DESCRIPTION
	QUANTITY
	REMARKS

	1.
	
	
	

	2.
	
	
	

	3.
	
	
	

	…
	
	
	

	…
	
	
	

	…
	
	
	


� 35 years expectancy life is added.


� Add standard reference for motor


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


� Requirement for measurement of the harmonic content for one unit per rating per contract is not specified in the original specification of HCMC PC


� Requirement for pressure and vacuum test for one unit per rating per contract is not specified in the original specification of HCMC PC


� Add requirement of tap changer compartment


� Additional requirements for motor.


� Requirement of surge arrester is not specified in the original specification of HCMC PC


� Requirement for remote control is not specified in the original specification of HCMC PC


� Requirement for leakage detector for diaphragm is not specified in the original specification of HCMC PC.


� Add requirements for oil sampling valves


� Formula of transformer evaluated cost is revised. Formula used by MEA is proposed.


� Penalty for exceed sound pressure level is not specified in original specification of HCMCPC


� Penalty for reduced impedance voltage is not specified in original specification of HCMCPC.






