




































































SECTION ‘II’ 

STANDARD TECHNICAL 

SPECIFICATION
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1.00.00  SCOPE 
1.01.00  This specification covers the design, manufacture, inspection & testing, 

packing at manufacturer’s works and delivery to site of mineral oil filled service 
Transformers complete with all fittings & accessories for satisfactory operation 
at site.  

 

1.02.00  TERMINAL POINTS 

1.02.01  HV bushings with terminal connector for bus duct/ cable glands & lugs in case 
of cable connection. 

 
1.02.02 LV bushings with terminal connector (3 Phase + 1 Neutral) for bus duct/ cable 

glands & lugs in case of cable connection. 
 
1.02.03 For HV Earthing : (Applicable in case of star connection of HV) - neutral earth 

bus-bar brought near the base of transformer/ Cable glands & lugs in case of 
cable connection. 

 
1.02.04  For LV Earthing : - neutral earth bus-bar brought near the base of transformer. 
 
1.02.05  Transformer earthing pads. 
 
1.02.06  Terminals of marshalling box for external connection to equipment supplied 

by the purchaser.

2.00.00  APPLICABLE STANDARDS & CODES FOR TRANSFORMERS
 

Specification for power transformers 
 

IEC: 60076  
 

 

    

Fluids for electro-technical applications - Unused mineral 
insulating oils for transformers and switchgear 

IEC: 60296 
 

 

Bushing for alternative voltage above 1000 volts IEC: 60137 
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Current transformers 
 

IEC: 61869-2 
 

 

   

Classification of insulating material for electrical machinery & 
apparatus in relation to their thermal stability in service 
 

IEC: 60216 
 

 

Classification of degrees of protection provided by enclosures of 
electrical equipment 
 

IEC: 60529 
 

 

Method of high voltage testing IEC: 60060/ IEC: 
60076-3/ IEC: 
60270 
 

 

Guide for loading of oil immersed transformers IEC: 60076-7 
 

 

Noise level 
 

NEMA, 
STANDARD-TR1 

 

IEC standard voltages IEC: 60038  

Terminal and tapping markings for power transformers IEC: 60616  

 

 
2.01.00  The equipment shall comply with all currently applicable safety codes and 

statutory regulations of India as well as of the locality where the equipment is to 
be installed including Indian Electricity Act, Indian Electricity Rules and Bureau 
of Indian Standards. 

 

3.00.00  TECHNICAL REQUIREMENTS 

DESIGN AMBIENT TEMPERATURE SHALL BE 45°C. 

3.01.01 Design Parameter and Operating Capabilities 

 

 
1.  
 

Duty  Continuous  
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4.  
 

Maximum flux 
density  

The maximum flux density in any part of the core and yokes of 
transformer at normal voltage and frequency shall be such that 
the flux density in over-voltage condition (combined voltage and 
frequency at 110% of rated V/f) shall not exceed.1.9 tesla  

 
5.  
 

Design flux 
density  

Shall be limited to maximum 1.7 Tesla in the core at rated 
condition and at principle tap  

 
6.  
 

Short time 
withstand current 
capacity  

Shall withstand mechanical and thermal effects of through fault 
current for 2 seconds without any damage  

 
7.  
 

Over voltage 
operation  

i. 110% rated voltage continuous  
ii. 125% rated voltage for 1 minute  
iii. 140% rated voltage for 5 seconds  
 

 
8.  
 

Voltage variation  i. ± 10% of nominal tap (CFVV)  
ii. Continuous operation at any tap position (Constant kVA)  
 

 
9.  
 

 
Frequency  

 
50 Hz (+3%, -5%)  

 
10.  
 

Combined 
variation (Voltage 
& Frequency)  

10% (absolute sum)  

 
11.  
 

Overload 
capacity  

As per IEC 60076-part 7 , No loading limit imposed by bushings, 
taps etc  

 
12.  
 

Current density  Maximum 3.0 Amperes per sq mm for HV and LV windings and at 
all tap positions  

 
13.  
 

Temperature rise 
for top oil  

55 deg C measured by thermometer over 45 deg C ambient  

 
14.  
 

Temperature rise 
for winding  

60 deg C measured by resistance method over 45 deg C ambient 

 
15.  
 

Bushing Rated 
Current  

i. HV and LV bushing: Shall be more than full load current at 
extreme tap  
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ii. Neutral bushing: Same as corresponding phase bushing rated 
Current  
 

 
16.  
 

Harmonic 
suppression  

Designed for suppression of 3rd, 5th, 7th harmonic voltages and 
high frequency disturbances  

 
17.  
 

Noise level  As per limits specified by NEMA TR1  

 
18.  
 

Radio influence 
voltage ( only 
applicable for HT 
Auxiliary 
Transformer) 

Maximum 250 microvolt  

 
19.  
 

Auxiliary supply 
AC  

415V +/-10%, 50Hz +5/-3%, 3 ph, 4 wire  

 
20.  
 

Control supply 
DC  

220 V DC (+10% to –15%), 2 wire  

3.02.00  Construction  

3.02.01 Tank  

 

4.  
 

Tank Design  i. Tank shall be designed to withstand full vacuum (760mm of Hg) 
for filling of oil by vacuum.  
ii. Tank shall be designed to withstand internal gas pressure of 35 

kN/m
2 
over normal hydrostatic pressure of oil  

1.  
 

Material  Low carbon steel of adequate thickness  

2.  
 

Construction  As per manufacturer design  

3.  
 

Welding  i. Shall be Double sided welding  
ii. Shall be stress relieved as per BS 5500  
iii. Shall be free from undercut, overlap, crack and porosity  
iv. Shall be tested by DP test before painting 
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5.  
 

Movement / lifting  i. Jacking pads (at min 500mm height), lifting eyes/lugs  and 
pulling lugs shall be provided to facilitate movement of the 
transformer  
ii. All heavy removable parts shall be provided with eye bolt for 
ease of handling  
iii. The transformer base shall be designed to permit skidding of 
the complete transformer  
 

6.  
 

Wheel  i. Bidirectional wheels with suitable locking arrangement  
 

7.  
 

Tank cover  i. Shall be sloped to prevent retention of rain water  
ii. shall not distort when lifted with lifting eyes  
iii. Pockets for thermometer and for bulbs of OTI, WTI shall be 
located in the position of maximum oil temperature  
iv. Thermometer pocket shall be fitted with a captive screwed top 
to prevent ingress of water  
v. Shall be possible to remove these bulbs without lowering the oil 
in the tank  
 

8.  
 

Inspection cover  i. Shall be provided of sufficient size for access to leads, 
windings, bottom terminals of bushings and taps.  
ii. Lifting lugs shall be provided on the bolted cover.  
iii. Fitted with weatherproof, hot oil resistant rubberized cork 
gasket with metallic stoppers to prevent over compression  
iv. Weight shall not be more than 25kg  
 

9.  
 

Phase turret  Shall be made from non-magnetic material  

10.  
 

Sediment  Adequate space shall be provided at the bottom of the tank for 
collection of sediment  

11.  
 

Materials in 
contact with oil  

i. Shall be such as not to contribute to the formation of acid in oil  
ii. Shall not be galvanized or cadmium plated  
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3.02.02  Core 

1.  
 

Material  Silicon steel laminations CRGO grade M4 or better.  

2.  
 

Construction   
i. Core or shell type  
ii. Bolt less core clamping would be preferable  
 

3.  
 

Laminations  i. Shall be free of all burrs and sharp projections  
ii. Each sheet shall have an insulating coating resistant to the 
action of hot oil  
ii. Oil ducts shall be provided where necessary to ensure 
adequate cooling  
 

4.  
 

Insulation  Shall withstand 2 kV rms for 1 minute in air between core to core-
bolt & core to clamp plate  

5.  
 

Assembly  i. Core and coil shall be securely fixed in 
position so that no shifting or deformation occurs 
during movement of transformer or under short 
circuit stresses.  
ii. Completed core and coil assembly of core 
type units shall be so assembled that the axis 
and the plane of the outer surface of the coil 
stack shall not deviate from the vertical plane by 
more than 25 mm.  
 

 
 

6.  
 

Internal earthing  All internal metal parts of the transformer, with the exception of 
individual laminations, core bolts and their individual clamping 
plates shall be earthed.  

7.  
 

Lifting lug  Core shall be provided with suitable lifting eyes/lugs for lifting 
complete core and winding assembly  

3.02.03  Winding  

1.  
 

Material  i. Conductor material shall be Electrolytic grade Copper, Free 
from scales and burrs.  
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ii. All other materials used in coil assembly shall be chemically 
stable at hot transformer oil and shall be of proven track record.  
 

2.  
 

Design  Windings shall be designed to reduce to a minimum out of 
balance forces at all voltage ratios.  

3.  
 

Insulation  i. Kraft paper  
ii. Varnish application on coil windings may be given only for 
mechanical protection and not for improvement in dielectric 
properties. In no case varnish or other adhesive shall be used 
which will seal the coil and prevent evacuation of air and moisture 
and impregnation by oil  
 

4.  
 

Insulation 
requirement  

ii. All windings for system voltages lower than 66 kV shall be fully 
insulated  
iii. All neutral points shall be insulated for the voltages specified 
as per IEC  
 

5.  
 

Joints  i. Permanent current carrying joints in the windings and leads 
shall be welded or brazed.  
ii. Clamping bolts for current carrying parts inside oil shall be 
made of oil resistant material which shall not be affected by 
acidity in the oil. Steel bolts, if used, shall be suitably treated  
 

6.  
 

Transpose  The conductors shall be transposed at sufficient intervals in order 
to minimize eddy currents and equalize the distribution of currents 
and temperatures along the windings  

7.  
 

Leads  i. Shall be rigidly supported to prevent injury from vibration or 
short circuit stresses  
ii. Guide tube shall be used where practicable  
 

8.  
 

Coil assembly  i. Shall be suitably supported between adjacent sections by 
insulating spacers and barriers. 

ii. Bracing and other insulation used in assembly of the winding 
shall be arranged to ensure free circulation of the oil and to 
reduce the hotspot of the winding. 
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3.02.04  Bushing  

1.  
 

Type  Rated below 52KV voltage class shall be solid porcelain  
 

2.  
 

Construction  Shall be homogeneous, non porous, uniformly glazed to brown 
colour and free from blisters, burns and other defects  

3.  
 

Design  i. Shall be such that stresses due to expansion and contraction in 
any part of the bushing shall not lead to deterioration  
ii. Cantilever strength shall be in accordance with IEC 60137  
 

4.  
 

Mounting  Bushings shall be so located on the transformers that minimum 
clearances as required for the BIL shall be realised between live 
parts and live parts to earthed structures.  

5.  
 

Metal part  All exposed ferrous metal parts shall be hot dip galvanized  

6.  
 

Suitability for bus 
duct temperature, 
if applicable  

i. Shall be Suitable for bus duct conductor temperature of 105 deg 
C (for silver joints) or 90 deg C (for plain joints)  
ii. Shall be Suitable for bus duct enclosure temperature of 80 deg 
C  
 

7.  
 

Connectors  Bushings shall be provided with terminal connectors of approved 
type and size as per relevant IEC suitable for fixing to 11 KV 
cables 
 

 

3.02.05  Terminal details  

1.  
 

Marking  The physical position of the terminals and the markings shall be 
as per IEC 60076  

2.  
 

HV terminal  i. Shall be brought out through top cover/side wall mounted 
bushings.  
ii. Shall be of sufficient size to accommodate cables and to allow 
easy termination  
iii. Shall be provided with non-magnetic material gland plate  
iv. Cable box shall have degree of protection IP52 
 

3. Cable Box i. Cable box(es) shall be provided with suitable air-insulated 
disconnecting chamber so that if required, transformer can be 
removed from its position without disconnecting the cables in the 
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cable box(es). Independent supporting arrangement shall be 
provided for cable box(es) for this purpose. Supporting 
arrangement shall be supplied along with required hardware & 
foundation bolts etc. 
ii. Inverted rain canopy shall be provided for HV Cable box 
 

4.  
 

LV terminal  Shall be brought out through side wall mounted bushing with 
matching flanges around each bushing for connection non-phase 
segregated bus-duct . 

5.  
 

LV Neutral  Two (2) nos. neutral terminals shall be provided on LV side. One 
neutral terminal shall be part of phase connection arrangement 
bus-duct throat/ LV cable-box (as applicable). Other neutral 
terminal shall be in a separate box and brought to tank bottom by 
means of earthing bar of 50 X 6 mm of copper, supported on 
porcelain insulators mounted on transformer tank. The neutral 
earthing bar brought to the tank bottom for connection to station 
earth shall be provided with holes and suitable connecting 
hardware. This earthing bar shall have fork type arrangement at 
the end. 
 

6.  
 

Flange dimension  Shall match with busduct flange 
 

7.  
 

Connector  i. Flexible connector supplied by bus duct vendor  
ii. Palm size of bushing to match with bus duct connector  
 

8.  
 

Drain  Shall be given near flange to drain leakage of oil / water from bus 
duct or bushing flange with stopcock arrangement 

3.02.06  Bushing CT 

 

 
1.  
 

Type  Cast-resin type, Class-E insulation, rated continuously for 120% 
of rated current  

 
2.  
 

CT parameters  During detailed engineering  
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3.  
 

Accuracy class of 
CT for  
i) REF protection 
ii) Standby Earth 

Fault 
protection  

iii) WTI CT 
 

 
Class PX 
Class 5P20  
 
Class 3.0 or better  

 
4.  
 

Mounting  i. CT removal shall be possible without removing tank cover  
ii. Location of CT shall be inside the turret  
 

 
5.  
 

Terminal box  One weatherproof terminal box for each bushing  

 
3.02.07  Off Circuit Tap Changer (OCTC) 

1.  
 

Tapping  Shall be provided on the HV winding  

2.  
 

Design  i. Tap changer shall provide full rated kVA on taps, above and 
below rated voltage  
ii. Winding including the tapping arrangement shall be so 
designed to maintain electromagnetic balance between the 
winding at all voltage ratios  
 

3.  
 

Rating  i. Shall be rated more than max rated current at extreme tap  
ii. Shall be rated to withstand the through fault current of the 
transformer  
 

4.  
 

Contacts  Shall be silver plated and held in position under strong contact 
pressure to ensure low contact drop and avoid pitting  

5.  
 

Arrangement  i. Tap changing shall be effected by a 3-phase gang operated 
switch  
ii. Shall be such that the switch can be operated at a standing 
height from ground level  
 

6.  
 

Locking  i. Operating handle shall have provision for pad-locking at any tap 
position  
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ii. Design shall be such that the lock cannot be inserted unless 
the contacts are correctly engaged  
iii. One potential-free contact shall be provided to trip the supply 
in case the Lock is disengaged 
 

7.  
 

Tap position 
indication  

Shall be provided with a mechanical tap position indicator  

3.02.08 Auxiliary Equipment  

1.  
 

Buchholz relay  i. Shall be designed for seismic zone as specified  
ii. Shall be of double float type with alarm contact which closes on 
gas accumulation and trip contact which closes on oil surge  
iii. Shall be provided with a test cock connected with copper pipe 
to operating level (1.25m) from ground  
iv. Shall be located between conservator and tank, provided with 
shut off valves on both sides  
 

2. 
 

OTI  i. Shall be mounted inside marshalling box  
ii. Shall have 150mm Dial thermometer marked in °C  
iii. Shall be provided with adjustable alarm and trip contacts and a 
maximum reading pointer and resetting device  
iv. Accuracy class shall be ±1.5 % or better  
 

3. 
 

WTI  i. Shall be mounted inside marshalling box  
ii. Shall have 150mm Dial thermometer marked in °C  
iii. Shall be provided with four adjustable contacts (two for cooler 
control and two for alarm and trip) and a maximum reading 
pointer and resetting device  
iv. Shall include Temperature sensing element, Image coil, 
Current transformer, Calibration device  
v. Shall have ambient temperature compensation  
vi. Accuracy class shall be ±1.5 % or better  
 

4.  
 

Pressure relief 
device  

i. Shall be spring operated  
ii. Shall operate at a static pressure of less than the hydraulic test 
pressure of transformer tank  
iii. Shall be of sufficient size for rapid release of pressure  
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iv. Shall also give a visual indication of valve operation by raising 
a flag  
v. Shall be provided with micro switch for actuating trip  
vi. Micro switch shall have IP 55 protection  
vii. The flag and the switch shall remain operated until they are 
reset manually  
 

5.  
 

Magnetic oil level 
gauge  

i. Shall be visible from ground  
ii. Contact for low level alarm  
iii. Oil level at 30°C shall be marked on the gauge  
 

6.  
 

Contact rating for 
all devices  

i. Buchholz relay – 2 A , 240 V AC/DC 
ii. MOGL – 5 A, 240 V AC , 0.5 A , 240 V DC 
iii. PRV – 5 A , 250 V AC , 0.4 A , 250 V DC 
iv. WTI/OTI – 5 A , 250 V AC , 0.5 A 220 V DC 
 

3.02.09 Cooling equipment 

1.  
 

Capacity  i. Shall have minimum two numbers of tank mounted radiator 
banks.  
 

2.  
 

Radiator  i. Shall be detachable type with top and bottom isolation  
ii. Shall be provided with drain and air release plug  
iii. Shall be provided with lifting lugs  
iv. Shall be designed to withstand the vacuum and pressure 
conditions that of main tank  
 

3.03.00  Conservation and oil preservation system of main tank  

1.  
 

Mounting  Conservator shall be provided in such a position as not to 
obstruct the electrical connections to the transformer  

2.  
 

Capacity  Shall have capacity between highest and lowest visible levels of 
7.5% of the total cold oil volume in the transformer and cooling 
equipment  

3. Sealing system i. Shall be provided with conventional single compartment 
conservator with dry air filling the space above the oil  
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(conventional) for 
transformers less 
than 6.3 MVA  

ii. Top of the conservator shall be connected to the 
atmosphere through a breather in which silica gel is 
dehydrating agent 

4.  
 

Breather  i. Shall be mounted at 1200mm above ground level  
ii. Body and oil cup is made out of transparent yet unbreakable 
UV proof polycarbonate plastic  
iii. Top and bottom are made of CRCA sheet and joined with body 
by specially designed rubber gaskets and studs  
 

3.04.00  Valves 

1.  
 

Material  i. Gun metal for Valves up to 100mm dia  
ii. Gun metal or cast iron Valves above 100mm dia  
 

2.  
 

Type  i. Full way with internal screw opening when turned anti clockwise 
direction  
ii. Shall be provided with flanges having machined faces and 
drilling of valve flanges shall confirm to IS 3639  
 

3.  
 

Required  Locking and position indication  

4.  
 

Gland packing  Teflon rope or nitrile rubber  

5.  
 

Oil sampling 
valve  

Suitable for fixing 10 mm rubber hose  

6.  
 

Internal surface  Treated with one coat of oil resistant varnish  

7.  
 

External surface  Two coats of red oxide zinc chromate primer followed by two 
coats of glossy finish paint as per IS 2932, shade red  

8.  
 

All hardware  Electro galvanized  
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3.05.00  Marshalling Box  

1.  
 

Purpose  i. MB shall house all auxiliary devices except those which must be 
located directly on the transformer  
ii. All auxiliary devices mounted on transformer and requiring 
electrical connections shall be cabled to MB 
iii. To receive and distribute two number power supplies 

2.  
 

Construction  i. Made of sheet steel minimum 2mm thick  
ii. Shall be dust tight, vermin and weather proof confirm to IPW 55 
with rain canopy, provided with neoprene rubber gaskets.  

3.  
 

Accessories  i. Thermostat controlled space heater  
ii. Panel light with door limit switch  
iii. 6/16 amp power socket  
iv. Removable undrilled cable gland plate  

4.  
 

Alarm, Trip and 
Indication  

i. All indicating lamps shall be LED cluster type  
ii. Annunciator shall be microprocessor based  
iii. Bidder shall provide signals for local indication as well as for 
purchaser’s remote use as specified in Annexure, Remote Signal 
Requirement  

5.  
 

Mounting  i. Shall be tank mounted type and have a sloping roof  
ii. Indicating instruments and other control equipment shall be 
mounted at 1200mm height with transparent glass window  

6.  
 

Terminal Blocks  i. Shall be segregated for CT, control and AC/DC power circuits  
ii. Terminal blocks shall be of stud type, suitable for ring-type lugs 
only  
iii. Shall be of nylon 66 material, 1100V grade, 10Amp  

iv. Control terminal shall be suitable for 2 nos. 2.5 mm
2 
stranded 

copper conductor  
v. Power terminal shall be suitable for copper conductor 
vi. 20% extra terminals shall be provided for each terminal block  
vii. Clearance with cable gland plate shall be minimum 200 mm  

7.  
 

Internal Wiring  i. Shall be done with flexible, 600/1000V grade PVC wires in wire-
ways  

ii. Minimum 2.5 mm
2 
for power circuits and 1.5mm

2 
for control 

circuit.  
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3.06.00  Earthing  

1.  
 

Earthing pad  i. Two earthing pads shall be provided on the opposite side of 
equipment, Main Tank, Cable Box, MB & Radiator Banks 
ii. Complete with two tapped holes, bolts and spring washers  
iii. Shall be suitable for copper conductor 
 

2.  
 

Jumper  All gasketted joints shall be provided with minimum two (2) 
numbers copper strip jumper of adequate size for continuity of 
earth connection  

 

3.07.00 Transformer insulating oil  

1.  
 

Oil  New unused  uninhibited naphthenic based mineral oil with 
properties complying with IEC 60296 

2.  
 

Appearance  Shall be clear and transparent and free from suspended matter or 
sediments  

3.  
 

Supply  i. Shall be supplied separately in non-returnable drum suitable for 
outdoor storage  
ii. Drum shall be coated from inside with suitable coating (like, 
epoxy lacquer of phosphate) resistant to insulating oil  

3.08.00  Rating and Diagram Plate (Bi-Lingual with Bengali inscription first 
followed by English) 

1.  
 

Rating & diagram 
plate of stainless 
steel material 
with details as 
listed  

i. Manufacturer's name, serial number, Year of manufacture  
ii. Rated voltage, current, frequency  
iii. Rated power in MVA, Type of cooling  
iv. Vector group symbol, Winding connection diagram  
v. Basic insulation level  
vi. Impedance at principal tap  
vii. Top oil and winding temp rise  
viii. OCTC tap range  
ix. Weight of radiator, Transport weight of tank, Total weight  
x. Volume of oil in tank & radiator  
xi. BCT details  
xii. Purchaser name, PO number  
xiii. All necessary slinging and stacking instructions  
xiv. Valve and air vent point schedule with instructions  
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4.00.00  FITTINGS & ACCESSORIES:

1. Transformer shall be provided with, but not restricted to following minimum fittings 

and accessories for satisfactory operation: 

a) Conventional type conservator with drain valve and oil filling hole.  

b) Magnetic oil level gauge with low-level alarm contact. 

c) Prismatic & toughened glass oil level gauge. 

d) Gaskets 

e) Gasket protection covers. 

f) Silica gel breather with oil seal. 

g) Double float type Buchholz relay with alarm and trip contacts with 

suitable gas collecting device with two shut-off valve on both side. 

h) Pocket on tank cover for thermometer. 

i) Protected type mercury in glass thermometer. 

j) Dial type (150 mm) Oil temperature indicator (OTI) with two sets of 

electrical potential- free contact rated for 2A, 220V DC, for alarm 

and trip purpose. The OTI shall be provided with anti-vibration 

mounting. OTI shall have maximum reading pointer along with 

resetting device. For remote oil temperature metering, an 

independent 4-20 mA should be made available.  

k) Dial type (150 mm) Winding temperature indicator (WTI) with two 

sets of electrical potential- free contact rated for 2A, 220V DC, for 

alarm and trip purpose. The WTI shall be provided with anti-

vibration mounting. WTI shall have maximum reading position 

along with resetting devices. For remote winding temperature 

metering, an independent 4-20 mA should be made available.  

l) Drain Valves. 
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m) Sampling devices. 

n) Filter valves. 

o) Earthing terminals – 2 Nos. 

p) Rating & Diagram plates. 

q)  Valve schedule plate. 

r) Two sets of lifting lugs (one for transformer with oil and other for 

tank cover). 

s) Jacking pads. 

t) Skids and pulling eyes on both sides. 

u) Air release devices. 

v) Inspection cover. 

w) Oil filling hole and cap. 

x) Tank mounted marshalling box 

y) Detachable, flat, bidirectional rollers with 90 deg. swivel 

mechanism. 

z) Clamping arrangement for rollers. 

aa) Ground support for cable box. 

bb) Neutral CT secondary box. 

cc) Haulage facilities.  

dd) Two nos. spring operated pressure relief devices with extension 

pipe to bring oil to plinth level along with electrically insulated 

contact for alarm and tripping for all transformers. 

ee) Gas collection device along with all accessories. 

5.00.00  QUALITY ASSURANCE/TEST REQUIREMENTS
 

5.01.00  After award of contract, vendor shall submit manufacturing QP for BHEL/ 
Ultimate Customer’s Approval. In case vendor has reference QP agreed with 
ultimate customer, the same can be submitted for specific project, for BHEL/ 
ultimate customer’s approval. There shall be no commercial or delivery 
implication to BHEL on account of QP approval. 

 
5.02.00  All materials, components and accessories of the transformers shall be 

procured, manufactured, inspected and tested by vendor/ sub-vendor as per 
approved quality plan. Tests shall be performed in presence of Purchaser’s 
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representative. The bidder shall give at least fifteen (15) days advance 
notice of date when the tests are to be carried out. 

 
5.03.00  Successful bidder shall furnish List of sub-vendors/ makes of items for 

BHEL/BHEL’s customer approval at contract stage. This shall not have any 
commercial implication to BHEL. 
 

5.04.00  For acceptance of short circuit reports for tests carried out earlier on similar 
transformers, successful bidder shall furnish the following documents for 
BHEL/ BHEL’s customer acceptance without any commercial/ delivery 
implication to BHEL. 
 

5.04.01  Calculations and design considerations to prove ability to withstand the 
dynamic effects of short circuit. 

 
5.04.02  Short circuit test report of previously tested similar transformer for validation 

by comparison. Criteria for similarity of transformer for acceptance of Short 
circuit test report shall be as given in Annexure-B of IEC-60076-5. 
 

5.05.00  Test certificates of all the type tests in line with IEC 60076 (listed below), 
conducted on same or an identical transformer, carried out at recognized 
test laboratory shall be submitted for BHEL/BHEL’s customer approval. If 
type test reports are not satisfactory / acceptable to customer / BHEL, these 
tests shall be conducted by bidder without any techno-commercial 
implication to BHEL. 

 
5.06.00 The workshop tests on complete transformer shall include and not limited to 

the following routine test, in accordance with IEC 60076, to be carried out on 
all transformers. The cost of carrying out these tests are deemed to be 
included in the unit price of transformer. 

 
1. Measurement of winding resistance 

2. Measurement of voltage ratio and check of phase displacement  

3. Measurement of short-circuit impedance and load loss 

4. Measurement of no-load loss and current 

5. Dielectric routine tests (IEC 60076-3) 

6. Leak testing with pressure for liquid-immersed transformers (tightness test)  

7.  Check of the ratio and polarity of built-in current transformers. 
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 8.  Check of core and frame insulation for liquid immersed transformers with 

core or frame insulation  

9. Transformer oil analysis according to IEC 60296, IEC 60567 and according 

IEC 62535 for detection of potential corrosive sulphur in mineral oils. 

10. Transformer tanks, conservators, oil pipework and air cooled cooling 

plant shall withstand without leaking or permanent distortion, the application 

for 24 hours of a pressure which is such that the test pressure at any point in 

the equipment is twice the working pressure at that point or 0.7 kg/cm2 plus 

the working pressure at the point or 0.3 kg/cm2 plus the pressure exerted at 

that point when the pressure relief is opened slowly by oil pressure 

whichever is the greatest. 

    11. Pressure test of radiators. 

12. Tank Vacuum & Pressure Test 

13. Oil Leakage Test 

    14. Pressure relief device, Buchholz relay, oil, winding meters, oil level 

indicator, dry cool breather, dissolved gas analyser test / check. 

 

5.07.00 Type Tests to be conducted on one transformer of each rating and not limited, in 

line with IEC 60076, as listed below: 

 

1. Temperature-rise type test (IEC 60076-2).  

2. Dielectric type tests (IEC 60076-3). 

3. Determination of sound level (IEC 60076-10) for each method of cooling for 

which a guaranteed sound level is specified. 

4. Measurement of no-load loss and current at 90 % and 110 % of rated 

voltage 

5. Short-circuit withstand test (IEC 60076-5) (SPECIAL TEST). 

Note: Charges for carrying out short circuit test shall be payable based on actual invoice 

from designated laboratories (CPRI, BHOPAL/ CPRI, BANGLORE / ERDA, VADODARA) 

with an additional lump sum amount of 5% of ex-works price of transformer being tested to 

cover handling costs (transportation, insurance etc.). 

 

5.08.00 Special Tests to be performed on each Transformer, in line with IEC 60076, are 

as listed below. The cost of carrying out these tests (except short circuit test 
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mentioned at sr. no. 5 of clause 5.07.00 above) are deemed to be included in 

the unit price of transformers.: 

1. Dielectric special tests (IEC 60076-3). 

2. Winding hot-spot temperature-rise measurements. 

3. Determination of capacitances windings-to-earth, and between windings. 

4. Measurement of dissipation factor (tan �) of the insulation system 

capacitances. 

5. Determination of transient voltage transfer characteristics (Annex B of 

IEC 60076-3). 

6. Measurement of zero-sequence impedance(s) on three-phase 

transformers. 

7. Measurement of DC insulation resistance each winding to earth and 

between windings. 

8. Vacuum deflection test on liquid immersed transformers. 

9. Pressure deflection test on liquid immersed transformers. 

10. Vacuum tightness test on site on liquid immersed transformers. 

11. Measurement of frequency response (Frequency Response Analysis or 

FRA).  

12. Check of external coating (ISO 2178 and ISO 2409 or as specified). 

13. Measurement of dissolved gasses in dielectric liquid. 

14. Mechanical test or assessment of tank for suitability for transport (to 

customer specification). 

15. Determination of weight with transformer arranged for transport. For 

transformers by measurement.  

 

5.09.00  Additional Checks to be done for each Transformer is as listed in Annexure-

VI. 

 

6.00.00  SPARES AND SPECIAL TOOLS & TACKLES
 

6.01.00 Commissioning spares are those, which may be required during 

commissioning of the equipment. Bidder to furnish list of commissioning 

spares along with technical offer as per Annexure-I of Section-I, Volume-II. 
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6.02.00 O & M spares are those which are required for satisfactory & trouble free 

operation of equipment. List of O & M spares enclosed as Annexure-VIII of 

section-II, volume-II are the minimum requirement to take care of the extended 

warranty. Any additional items required to meet the extended warranty 

requirement are deemed to be included by the bidder in bid price. O & M 

spares shall be quoted as per BOQ-cum-price schedule as part of NIT.  

6.03.00 List of Mandatory spares is enclosed as per Annexure-VII of section-II, 

volume-II. Mandatory spares shall be quoted as per BOQ-cum-price schedule 

as part of NIT. 

 

7.00.00  O & M MANUAL

7.01.00 O & M manuals for the installation, operation and maintenance of 
transformers shall be furnished at least three months before despatch of 
equipment. 

 
7.02.00 Draft manual should first be submitted for purchaser’s approval.  The 

manual should contain minimum following details: 
 

a) General description of equipment. 
b) Approved Technical Data Sheet  
c) Salient constructional features. 
d) Technical leaflets of fittings/ important parts. 
e) All drawings. 
f) Type and routine test certificates. 
g) Instructions to be followed on receipt of equipment at site & for 

storage. 
h) Instructions for foundation arrangement. 
i) Erection procedures and checks. 
j) Pre-commissioning checks. 
k) Commissioning procedures. 
l) Withdrawal arrangement/ material handling instructions. 
m) Operation instructions. 
n) Maintenance instructions. 
o) Trouble-shooting.  
p) Safety instructions. 
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Surge Protection Equipment 
The surge protection equipment shall be tested in accordance with IEC 

60099. 

 

AC Switchgear for voltages above 1 kV 
IEC 62271 High-voltage switchgear and control gear 

IEEEC37.013 

 

IEEE standard for AC-High-Voltage 

generator circuit breakers on a symmetrical 

current. 

 

At least the following tests shall be performed in the manufacturer's 

workshop on the individual apparatus and on the complete installation, 

respectively, all in accordance with IEC Standards: 

 

 Visual inspection 

 Power frequency HV tests 

 Dielectric tests of the auxiliary circuits 

 Measurement of the main contacts resistance with dc 

 Temperature rise test on circuit breakers (type test certificate) 

 Test of mechanical endurance (type test certificate) 

 Measurement of the contact opening period (type test certificate) 

 Functional tests of the control circuits 

 Check of the operational sequence 

 Measurement of the instrument transformer's angle and ratio errors 

(according to IEC-standards 60044) 

 Check of the denominations. 

 

Note 1: All MV switchgear shall be type tested according IEC 62271-1, 

IEC62271-100 and IEC 62271-200 including internal arc classification IAC 

= AFLR. Related type test certificates shall be provided with the Tender. If 

the test has already been carried out on similar type switchgear, type test 

certificates may also be accepted. 

 

Note 2: All GIS above 52 kV shall be tested according IEC 62271-1, IEC 

62271-203. 

 

Note 3: Generator circuit breakers shall be tested according IEEE Std C37.013. 

 

High voltage fuses 
IEC 60282 High voltage fuses 

IEC 60644 Specification for high voltage fuse links for motor circuit 

applications 

 

Oil-immersed power transformers 
IEC 60076 Power transformers 

IEC 60214 On-load tap-changers 

IEC 60404-2 Magnetic materials 

ANNEXURE-VI
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a) Tanks 

 Inspection of weld preparations, approved crack detection of major 

strength welds. 

 Hydraulic test and vacuum test 

 Visual and dimensional checks 

 Certification of test results. 

 

b) Cores 

 Material 

 Checks on flatness 

 Checks for absence of burrs such as may be caused by slitting, 

cropping and punching 

 Electrical insulated tests 

 Visual and dimensional checks. 

 Assembly 

 Inspection during assembly stage, whilst core is still horizontal 

 Visual and dimensional checks on complete core 

 Checks on straightness of clamps 

 Checks on clamp welding 

 High voltage tests between core packets, clamps and belts in all 

relevant combinations 

 Check actual weight of core steel in magnetic circuit against design 

weight 

 Check that all block and sheet insulation and all spacers are in position 

 Check earthing of core packets to clamps. 

 

c) Windings 

 Windings 

 Copper checks 

 Fewest possible number of welds 

 Quality of weld and finishing 

 Insulation on copper 

 Check for correct material 

 Check correct application to conductor 

 Visual and dimensional checks 

 Winding of turns 

 Checks during winding of different Sections of winding  

 Checks on positions of starts and finishes of Sections  

 Checks on correct directions of windings of turns (Polarity) 

 Visual checks 

 Assembly of windings together 

 Check on relative positions and numbers of leads 

 Check that vertical and horizontal coolant ducts are clear and to full 

design dimensions 

 Visual checks 

 Assembly of windings on core 
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 Visual and dimensional checks. 

 

d) Leads 

 Checks on disposition, insulation and support of tapping leads 

 Checks on insulation support and positioning of bushing leads and 

provision for connection to bushings 

 Checks on lead connections (crimping, brazing etc.) 

 Checks on interphase connections 

 General visual checks. 

 

e) Insulation 

 Checks on arrangement of petalling 

 Checks on inter-phase and earth barriers 

 Checks on shields 

 Checks on clearance and creepage distances 

 General visual checks. 

 

f) Coolant flow ducts 

 Check that vertical and horizontal passages are clear and to full design 

dimensions 

 General visual checks. 

 

g) Current transformers, links and connections 

 Check that built-in current transformers are in the correct leads 

 Check that the connections and alternative connections are clearly 

marked and that the marked ratios are correct. 

 

h) Assembly of transformer in Tank 

 Check insulation between transformer and tank 

 Check security of fixing of transformer in tank and of any packing used 

 Check electrical clearances between tank and leads and windings 

 Checks for cleanliness and freedom from debris of inside of tank 

 General visual check. 

 

i) Valves 

 Check action of valves after welding into position (especially butterfly 

valves) 

 Checks for leaks under pressure. 

 

j) Paint work 

 Checks for preparation of surfaces 

 Checks for use of correct paint system 

 Visual checks on general finish. 
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k) Conservator 

 Check for leakage 

 Check capacity 

 Visual checks. 

 

l) Bushings 

 Check against standards 

 Check that routine tests have been done 

 Checks for leakage when mounted on transformer 

 Checks for distortion, flaws and chips. 

 

m) Tap-changers (on-load and off-circuit as appropriate) 

 Inspection on completion of manufacture, including a review of 

 

  

 Tests in accordance with the appropriate IEC or other standard as 

applicable 

 Check ten complete cycles from end to end of the range 

 Check five cycles on full current 

 Check five cycles at full voltage 

 Check transmitters for correct number of steps and impedance values 

 Check interlocks 

 Check warning, alarm and trip contacts 

 Visual and dimensional checks. 

 

n) Pumps and fans 

 Checks for direction of rotation against motor terminal markings 

 Visual and dimensional checks. 

 

o) Heat exchangers 

 Checks on radiators for leaks 

 Checks on radiators for paint finish and inner cleanliness 

 Checks on oil-to-  

 Checks on oil-to-water heat exchangers for cleanliness of oil chambers 

and passages  

 General visual and dimensional checks. 

 

p) Processing 

 
available. 
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q) Control cubicles, kiosks and terminal boxes 

 Checks on functioning of contactors, overloads isolators and general 

operation of control circuits for cooling gear 

 Checks on operation of circuits for thermometers, thermal images, 

pressure relief valves, oil and gas operated relays, flow detectors, heaters, 

lights and power output sockets 

 Checks on wiring arrangements and terminal boards 

 Checks on weather sealing of doors, cable glands and other external 

features 

 Visual and dimensional checks. 

 

r) Workshop tests on complete transformer 

The following routine test in accordance with IEC 60076: 

 

 Measurement of winding resistance 

 Measurement of voltage ratio and check of voltage vector 

 Measurement of impedance voltage, short circuit impedance and  

 load loss 

 Measurement of no-load loss and current at Ur, 1.05 x Ur and 1.1 x Ur 

 Dielectric routine tests in accordance with IEC 60076-3  

  

 Test on on-load tap changers 

 Insulation resistance 

 Separate source voltage withstand test 

 Induced over voltage test & PD test 

 Frequency response analysis. 

 

The above tests shall be carried out on all transformers. 

 

The following tests in accordance with IEC to be carried out as type tests 

(type tests shall not be repeated if type test certificates of an identical 

transformer issued by a recognized test laboratory are available): 

 

 Temperature rise test including direct measurement of hot-spot 

temperature 

 Measurement of the harmonics of the no-load current 

 Dielectric type tests in accordance with IEC 60076-3 

 Measurement of zero sequence impedance 

 For the above type tests, test certificates may be accepted at the discretion 

of the Employer/Engineer, in place of tests on the first transformer of 

each basic type excepting the generator transformer. In the case of 

generator transformers the type tests must be carried out 

 Noise measurements. 



ANNEXURE-VII



ANNEXURE-VIII- O & M SPARES

6 Nos.

2 Nos.

2 Nos.

2 Nos.

2 Nos.

2 Nos.

2 SET

6 Nos.

2 Nos.

4 Nos.

2 Nos.


