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Sl no. Description Remarks

A. On Arrival of Transformer Tank 

A.1 Checking of Pressure, Dew point , IR of CC- CL - Tank Record the values If tank pressure is zero then reports to Bhopal

A.2 Removal of Impact Recorder after placement on Plinth Sent to Bhopal for review

A3

Before signing LR on receipt of material - Transformer shall be 

physically checked for any damage /physical abrasion during 

transportation 

Remarks to be mentioned on the LR .

B. Installation work 

B.1 Drum oil test - BDV, PPM, Tan Delta, Resistivity and IFT Number of sample to be tested as per customer standard procedure.

B.2
Ensure the availability of drawing (OGA, Assembly drawing like 

cooler bank, aux system and other piping work, Part List etc.)

B.3 Material Verification Shortages to be reported to BHEL prior installation of work.

B.4
Turret CT and Bushing to be tested, Dry Air Generator Dew point 

level to be examined  before raise the call for internal inspection

Bushing to be tested on variable frequency upto 391Hz. 

Reports to be submitted for clearance.

PS class CT's ratio error@ 100%rating to be <0.25%

B.5

Internal inspection and Bushing erection 

a. Ensure crane availability 

b. Ensure Dry air generator to achieve dew point -60

c. Dew point measurement kit (Vaisala Make kit)

d. Ensure CT ratio measurement kit for internal CT test

23T capacity crane or last boom capacity 2T  and minimum 60 feet 

boom length) 

or 

Minimum boom length 50 Fit with 2T capacity at last boom when 

sufficient is space is available for crane/farana movement on both 

side for bushing erection. 

B6 

Transformer GT/ICT /ST /UAT / Reactor to be examined for any 

loose earthing / core locking arrangement /Wall shunts / 

clearance between the Tanks and Bushing leads . Transformer 

should be  flushed with Hot oil and thoroughly cleaned before 

Boxing up of Transformer.

Any abnormality may please be reported to the Manufacturing BHEL 

Unit 

B.6

TESTING AFTER ERECTION - BEFORE DRYOUT Testing of 

WRM and Turn Ratio (HV/IV, HV/LV, IV/LV at all taps - 

applicable for transformer)and SFRA 

 Reactor- WRM and SFRA  

ICT - WRM & Turn ratio and SFRA  for Transformer

Acceptance Limit - error should be less than 0.5% for turn ratio and 

WRM <2.5%

C PREPARATION BEFORE START OF ERECTION 

1

PIPEWORKS -All pipe works shall  be checked as per checklist 

before start of the work . Pipe work be thoroughly cleaned 

before Erection and if required flushed with oil

Cleaning and Flushing of the pipe work to be ensured before Erection 

2

CONSERVATOR - Air cell of the conservator to be tested for 

leak test at 1 PSI / 0.07kg/cm2 for 1 hrs . Conservator without 

Air cell may be checked for 2 PSI for a period of 1 hr .After 

successful testing of Air cell and Conservator and MOG and 

changing the inspection cover "O Ring " - Erection of 

Conservator to be carried out .

In case of the any leakage noticed , concerned OEM  Unit to be 

informed .

3

RADIATORS/ COOLER BANKS - All Radiator to be mounted 

are to be leakage tested as per BHEL standard protocol  through 

Air pressure of 2 psi for 15 min  (time span for soap solution 

test). This is followed by Flushing of each radiator for 15min with 

the Transformer oil as provided by BHEL Engineer in charge at 

site 

Details to be filled as per standard protocol 

C. Dry out of Transformer- (once WRM & turn ratio in Limit)

C.1 Cooling bank & Conservator must be isolated from main tank

C.2
Leakage test  at pressure upto 5 PSI for Main Tank after 

complete Box up of Transformer .
If test is cleared go for the next cycle of vacuum test .

BHARAT HEAVY ELECTRICALS LIMITED

TRANSMISSION BUSINESS GROUP- NORTHERN SECTOR
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Sl no. Description Remarks

C.3
Vacuum Test to be performed after successful leakage Test at 

vacuum (500-700mmHG)

Check for any leakage after 1 hrs and subsequent 0.5 hrs in 2 

intervals .

C.4
Leakage test at vacuum (L1 & L2 method) between 1 to 2 torr in 

McLeod gauge

for PGCIL project . Calculate leakage rate 

(L2-L1)volume/Time)

L1 is reading at start and L2  is reading at time duration. 

Leakage should be less than <100

C.5
1st Vacuum cycle for 72 hour after reaching 0.5 torr vacuum in 

McLeod Gauge
Continuous running of vacuum pump for 72 Hour 

C.6

After 72 hour vacuum - 

fill the N2/dry air cylinder 

(prefably Nitrogen from cylinders) 

of Dew point better than -60 

at 0.25 to 0.35 kg / sq cm (3.5 to 5 PSI)  

C.7 Check the Dew point after 24 hour of N2 filling
Record the values, If dew point is  -20 or below. Process of Heating 

+vacuum of main tank to be done.

C.8
2nd cycle of  Vacuum for 48 hour after reaching 0.5 torr vacuum  

in McLeod Gauge

C.9

After 48 hour vacuum - 

fill the N2/dry air cylinder

(prefably Nitrogen from cylinders) 

of Dew point better than -60 

at 0.25 to 0.35 kg / sq cm (3.5 to 5 PSI)

C.10 Check the Dew point after 24 hour of N2 filling

Acceptable value of dew point is -36 (0.5 RH) or better.

If desired dew point not obtained then go for 3rd cycle of 48 hrs ( 

depend on the 2nd cycle test results ). Dry out cycle to be repeated 

till achieving Main Tank - active part dew point -36 (0.5 RH) or 

better.

D. Oil Filling and Filtration 

D.1

Provision for Storage capcity of complete required oil to be filled 

in Transformer Tank in one go to be maintained. Oil of each 

storage Tank to be tested at Power grid Lab. Complete oil to be 

made ready before oil filling .

BDV, PPM, Tan Delta @90, Interfacial tension & Resistivity. BDV 

value -75 (Min) and PPM<5

D.2

Oil filling in the ICT / Reactor Tank to be done under vacuum to 

be maintained for 24-48 hrs prior to oil filling . Oil to be inside 

the Tank shall be at temp 40-50 degree . Complete oil fillingto be 

done in one go after achieving the required parameters 

Before filling, oil to be tested for each storage tank in PGCIL 

approved Lab.

BDV - 75 (min) and PPM <5 

D.3
OLTC to be filled through Main tank and after filling equalizing 

link atatched during entire process may be removed.

After OLTC filling upto tank level. Equalising pipe to be remove and 

connect all pipe of OLTC 

D.4
Remove the Dummy plate between cooling bank and main tank 

under B/F in closed condition

D.5
Oil filling in cooling to be filled through bottom pipe line through 

main tank or cooling to be filled separately .

Oil to be filled under open condition of air plug in header pipe and all 

B/F of cooling bank.

D.6
Fill the Oil in conservator to be done as per standard 

comissioning process after completion of HOC process .
Follow OEM instruction for Conservator commissioning .

E Filtration and HOT Oil Circulation 

E.1
Closed the B/F valve of Top/Bottom pipe of cooling bank  if 

opened

E.2

HOC to be done for min period of 72 Hour or more till achieving 

the PI value . Time of HOC shall be considered after reaching 

outlet oil temperature from ICT Tank /OTI/WTI Temp (60 

degree ) or as per recommendation of OEM.

HOC period will be extended if PI value does not reach.

Ensure filter M/C outlet pipe (heated oil pipe) must be connected at 

bottom valve of main tank.

PI to be taken in last 24 Hour. Inlet and outlet temperature to be 

recorded. Following PI to be measured at Regular interval of 4 hour. 

a. HV+IV+N /E+LV  : PI >1.75

b. HV+IV+N/LV : PI>1.75

c. LV/E+ HV+IV+N: PI> 1.75

Procedure for transformer / Reactor Installation , Testing and Commissioning
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E.3

After clearance of HOC . Each Cooling bank to be filtered 

separately with minor opening of B/F of top pipe line to ensure 

breathing of oil through conservator. Minimum 8 Hour 

Local BDV (>75) & PPM (<5)  to be checked. Minimum 4 rotation of 

oil (calculation based on with 50% capacity of Filter M/C)

E.4
After completion of filtration of cooling bank, oil to be mixed with 

main tank. Filtration to be done for minimum 24 hours 
All B/F of Top and Bottom to be opened.

E.5

Particle count test to be done when the Transformer oil is 

completely mixed and under motion .Fine filtration carried out 

with Filter Machine of 0.3-0.5 micron filters . While carrying out 

particle count Filter machine to be kept under throughout during 

the process of Particle count . 

Under running condition of cooling bank pump. 

Particle count must be maximum 4 micron, 10,000 particle 

count per liter (i.e. ISO 10) Minimum three sample to be tested. 

For measurement (Oil qty 100mL in each measurement) to be taken 

under each sample with test duration of 4.5- 5min.

E.6

Complete Electrical test to be done. 

A. WRM & Turn Ratio as per factory test 

b. Bushing at variable freq & Winding Tan Delta Test 

c. Magnetic Balance /Vector group

d. Magnetizing current 

e. SFRA test

f. IR test of winding 

g. Short circuit impedance calculation .

h. Floating point voltage calculation .

i. Meaurement of Vibration in case of Reactor after charging 

g. Other Balance test as per PGCIL.

Testing kit with Calibration certificate is required. 

Test to be performed under electrical operation of OLTC tab.

E.7

Following oil Test to be done : 

sample to be taken from Tank Bottom  & Tank Top 

1. BDV , PPM, Tan Delta@90, DGA, IFT & resistivity 

2. Any other test as per Power Grid contract 

Updated by JAI K, DGM TBG BHEL, 12/03/2024Prepared by -    Aniruddh Vyas - Sr DGM- TXX , BHEL Bhopal 
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SECTION 2 

INSTALLATION 

 

2. INSTALLATION 

2.1 RECEPTION AND ASSEMBLING OF TRANSFORMER / REACTOR 
DESPATCHED PARTLY DISMANTLED AND FILLED WITH NITROGEN. 

To ensure that a Transformer will function satisfactorily it is important that handling, 
lifting, storing and assembling are carried out with great care and cleanliness by 
experienced personnel who know the various working operations very well. 

This section gives instructions how handling, lifting, storing and assembling should 
be carried out. For large Transformers it is recommended that the work is done by 
BHEL or is under supervision by experts from BHEL. 

2.1.1 INSPECTION 

In connection with receiving and unloading at site, and at the final storing place before 
assembling, the transformers shall be inspected carefully. External visible damages 
as dents, paint damages etc. may imply that the transformer has been subjected to 
careless handling during transport and/or re-loadings, and a careful investigation is 
therefore justified. 

After the arrival of the material at receiving points, the customer should, in case of 
possible damage/loss of any component, make the necessary claims with the 
contractors representatives under intimation to BHEL so that such claims can be 
registered with the transport agents. Before unloading, the condition of packing and 
of the visible parts should be checked and possible traces of leaks verified (condenser 
bushings). If necessary, appropriate statements and claims should be made. 

Drums containing oil which have been dispatched separately should be examined 
carefully for leaks or any sign of tampering. All drums are dispatched filled up to their 
capacity and any shortage should be reported.  

In order to protect the active part against moisture, the transformer tank is filled with 
nitrogen during transport at an over pressure of 0.17 kg/ sq.cm (2.5 psi) approximately 
at room temperature. 

Check immediately the gas pressure at the arrival. A positive pressure indicates that 
the tank and the transformer components respectively are tight, and that the active 
part including the insulation materials is dry.  

If there is no positive gas-pressure, transformer should be immediately filled with dry 
Nitrogen gas at a pressure of 0.17 kg/cm2 (2.5 psi) without loss of time as per 
instructions given para 1.2.3 

Otherwise, it should be checked if the core isolation is satisfactory and that 
accessories packed separately have not been damaged during the transport. 
Instructions for checking of the core isolation are given in clause 2.10 

Procedure for transformer / Reactor Installation , Testing and Commissioning
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2.1.2 UNLOADING 

Typical unloading arrangement of the transformer is shown in fig 2.1.  

Whenever rollers/trolleys are supplied with transformer, movement of transformer at 
site is carried out by mounting these rollers/trolleys. For mounting of rollers refer roller 
mounting drawing included in Vol.I. 

Alternatively for movement of transformer from loading bay to actual site of the 
equipment, skidding on greased rails etc. can also be resorted to.  

2.1.3 STORING 

Dismantled equipment and components are packed to be protected against normal 
handling and transport stresses. The instructions for lifting given on the packages, 
must be complied with to avoid damages. Goods stored outdoors must not be placed 
directly on the ground, and should be covered carefully with tarpaulin or similar 
material. Oil drums should be stored in horizontal (lying) position with both the bungs 
also in horizontal position. 

2.1.4 LIFTING 

Lifting devices on the transformer tank are dimensioned for lifting of the complete 
transformer filled with oil. The positioning of the lifting devices, permissible lifting 
angles, minimum height to crane hook and transformer weight, appear from the OGA 
drawings. Check at lifting of complete transformer that the lifting wires/ropes are not 
in contact with bushing or other components on the cover. For lifting with hydraulic 
jacks, the transformer is provided with jacking pads dimensioned for lifting of 
complete transformer filled with oil. The positions of the pads appear on the OGA 
drawings. If active part is to be lifted refer instructions given in clause 2.7. 

2.1.5 LOCATION AND SITE PREPARATION 

a) Reactor shall always be placed on concrete plinth without rollers as per 
foundation plan drawing whereas transformer may be even placed with rollers. 
Therefore it is very important to refer foundation drawing before placing the 
transformer/reactor on final location. 

b) Transformer/reactor should be placed on the foundation so that easy access 
is available all around and diagram plates, thermometers, valves, oil gauges, 
etc. can be easily reached or read. Adequate electrical clearances are also to 
be provided from various live points of the transformer to earthed parts.  

c) ONAN type transformers/reactors depend entirely upon the surrounding air for 
carrying away the heat generated due to losses. For indoor installation, 
therefore, the room must be well ventilated so that the heated air can escape 
readily and be replaced by cool air . Air inlets and outlets should be of sufficient 
size and number to pass adequate air to cool the transformer. The inlets 
should be as near the floor as possible and outlets as high as the building will 
allow. Where necessary, exhaust fans can be installed for the purpose.  
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d) The transformers should always be separated from one another and from all 
walls and partitions to permit free circulation of air. In this connection reference 
is also drawn to IS: 10028 (Part II).  

e) Where rollers are not fitted, level concrete plinth with bearing plates of 
sufficient size and strength can be adopted for outdoor transformers. To 
prevent the formation of rust, it is essential to avoid presence of air and water 
in the space between the plinth and the base of the transformer by use of 
cretex or similar bituminous compound.  

f) Where rollers are fitted, suitable rails or tracks should be used and the wheels 
locked to prevent accidental movement of the transformer. Where walls are 
provided, it should be ensured that the transformer gets a good ventilation as 
mentioned above for indoor transformers. Provision should be made for the 
emergency drainage of the oil from the transformers (e.g. in case of fire in 
neighboring apparatus or bushing or the transformer tank), by surrounding the 
transformer plinth with sump filled with small pebbles. 

2.1.6 INTERNAL INSPECTION AND CHECK POINTS FOR ASSEMBLING THE 
TRANSFORMER/REACTOR 

(a) Check-points before starting assembly: 

1. Conditions of leads. 

2. Bracing, clamping of leads. 

3. Connections. 

4. Tap changer checks. 

5. General conditions of insulation. 

6. Core check that it has not moved in transit. 

7. Core-ground; this is checked with the megger after removing earth 
connection. 

8. CTs, including the secondary leads and their passage through metal parts. 

9. Check that shipping frame for bushings have been removed. 

10. Check that coil position has not moved in transit. 

11. Check for dirt, metal swarf, moisture. 

12. Check that the bushing leads set without being too close to ground or other 
points of different potential. 
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(b) Check-points during Assembly 

By means of the Part list and the transformer/reactor OGA, the assembling of 
a fully completed transformer is carried out according to the following 
instructions. The following precautions are to be taken: 

1. Fire-fighting equipment shall be available at the oil-treatment equipment as 
well as at work on and adjacent to the transformer. 

2. Welding work on or adjacent to the transformer shall be avoided, but if this 
is not possible, the work shall be supervised by fire-protection personnel. 

3. Smoking on or near the transformer shall not be allowed. 

4. Transformer tank, control cabinet etc. as well as assembling and oil 
treatment equipment shall be connected with the permanent earthing 
system of the station.  

5. Check that there is no overpressure in the transformer when blanking 
plates or connection lids are to be opened. 

6. All loose objects, tools, screws, nuts etc., shall be removed from the 
transformer cover before opening the connection and blanking lids. 

7. All loose objects (tools, pencils, spectacles etc.,) shall be removed from the 
boiler-suit pockets etc. before starting the work through man holes. 

8. Tools to be used inside the transformer/reactor -e.g. for tightening of screw-
joints- shall be fastened to the wrist or another fixed point by means of 
cotton tape or string.  

9. Tools with loose sleeves and tools with catches must not be used at work 
inside the transformer. 

10. Greatest possible cleanliness shall be observed at work inside the 
transformer/reactor, and at handling of parts to be mounted inside the 
transformer. 

11. Fibrous cleaning material should not be used as it can deteriorate oil when 
mixed with it. 

12.  All components dispatched separately should be cleaned inside and 
outside before being fitted.  

13.  A transformer/reactor is best protected from damp hazard by circulating 
warm, dry, de-aerated oil through it until it temperature is 5 °C to 100 °C 
above ambient. This should be done before allowing external excess to the 
interior of the tank. The warm oil should be circulated all the time 
transformer is open to atmosphere, 

14. Oil pump & all joints in the oil pipe work should be airtight to avoid entrance 
of air through leakage joints. 
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15. The active part (core and winding) should be exposed to the surrounding 
air as short time as possible. Open therefore only one blanking plate or 
connection lid at a time for remounting of bushings, valves etc. 

16. Objects which-despite all precaution are dropped inside 
transformer/reactor, must absolutely be brought up from the equipment. 

17. Check that the oxygen content inside the transformer tank is minimum 20% 
if a person is to enter the tank. 

2.1.7 ASSEMBLY OF WHEELS 

Mounting of wheels under reactor/transformer is to be done as per roller arrangement 
drawing. The reactor however in service, is to be placed on plinth with anti-earthquake 
fastening without rollers. Transformer placement can be with or without rollers as per 
applicable OGA/foundation drawing. 

2.1.8 ASSEMBLY OF BUSHINGS 

In case the bushings are mounted on turrets on the transformer/reactor cover, they 
are either delivered mounted on their turret or -in case of large bushings dismantled 
from the turrets. The turrets are often individually adapted; check therefore that they 
are re-mounted in correct places, which appear from the OGA drawing and ,part list.  

Assembling of bushings is carried out according to bushings installation manual 
available. In case of draw rod / lead connection of bushing with transformer lead, half 
connector joint to be insulated with 3 layers of crepe paper after making proper 
connection. 

2.1.9 ASSEMBLY OF VALVES 

Valves which may affect the loading gauge, or will be subjected to damages, should 
be dismounted before delivery. Re-mount the valves as per the positioning appear 
from the OGA drawing and part list. The gasketting surfaces shall be cleaned well 
and new gaskets fitted. Check that all valves are closed. 

2.1.10 ASSEMBLY OF COOLING DEVICES 

Valves which are not dismantled like shut-off valves for radiators, coolers and 
possible headers shall be provided with blanking plates during the transport. Remove 
the blanking plates when the assembling of the coolers is to be started. Check first 
that the valves are closed. Check that each radiator and possible header is 
assembled in the correct positions according to OGA drawing. In case of OFAF or 
OFWF cooler mounting shall be done as per the relevant leaflet given in Vol.I 

The shut-off valves against the transformer tank shall be closed until the oil-filling is 
started. 

2.1.11 ASSEMBLY OF OIL CONSERVATOR 

The conservator, which may be with or without aircell is assembled either on the 
transformer, or on a separate frame. Before the conservator is assembled it shall be 
checked that belonging equipment -e.g. Oil-level indicator -functions satisfactorily. 
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The breather is connected to the oil conservator, and it is very important that joints 
and couplings in the pipe between breather and conservator are air tight. Refer 
Clause 2.6 for detailed instruction for oil filling.  

2.1.12 ASSEMBLY OF PIPE WORK 

Pipes with flanges for connection of conservator, radiators, as well as pipes for 
equalizing of turrets etc. are mostly delivered completely ready for assembling 
according to OGA & part list. In certain cases -e.g. at a separately assembled oil 
conservator certain fitting and welding of pipes and flanges on site is however 
required. Instruction for such assembly of external pipes is  given in Clause 2.3. 
Before assembly, all associated pipework for cooler system/radiators to be  physically 
inspected for the presence of any dirt/dust etc. and all visible dirt/dust to be thoroughly 
cleaned with clean cloth. Individual radiator/cooler and pipework to be flushed with 
compressed air followed by carrying out Pressure test on individual radiator/cooler 
Bank  to check any leakages/damages before start of Erection at site   

2.1.13 FLANGES, BLANKING PLATES 

When re-mounting blanking plates, connection flanges etc., the gasketting surface 
shall be cleaned well and new gaskets fitted. 

2.1.14 ACCESSORIES 

Accessories like cooling fans, pumps, OLTC and components for supervision and 
control, oil-level indicator, flow indicators, gauges, Buchholz relay, PRV, 
thermometers etc. are assembled according to leaflet/description valid for the 
components (refer Vol. I). 

2.1.15 CONTROL CABLING 

Re-assemble the control cables according to the drawing of wiring system and 
connect the cable ends to terminal blocks in instruments, terminal boxes, junction 
boxes and control cabinets according to valid connection diagram.  

2.1.16 GASKETS 

The sealing system normally used against oil and gas in BHEL's transformers and 
belonging components has rubber gaskets in grooves and nitrile rubber bonded cork 
gaskets at other places. Refer clause 2.8 for general information and assembly 
instructions for gasket mounting. 

2.1.17 OIL FILLING 

The completely mounted Transformer is oil-filled according to directions in Clause 2.5 
& 2.6. The oil shall be treated according to Clause 2.4. The lower and upper shut-off 
valves for radiators/coolers and possible headers shall be open during evacuation 
and oil-filling. If coolers are placed on suspension beams, which are mounted at right 
angle to the tank, the suspension beams shall be supported against the ground during 
the evacuation. Also radiators mounted on the tank wall shall be supported in a similar 
way. The hose for filling of oil is connected to the bottom valve of the transformer 
which must not be opened until the hose has been de-aerated and completely filled 
with oil.  
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2.1.18 CLEANING & PAINTING 

The transformer and its equipment are cleaned carefully from dirt, oil, lubricating 
grease, and damaged surfaces are touch-up painted with the primer paints and finish 
paints delivered as per clause 2.11. 

2.1.19 EXCHANGE OF BUSHING 

When it is required at site to replace the Bushing (HV/ IV/ LV/ Neutral) due to reasons 
associated with the deviation in test results from the standard acceptable values or 
any other reason, following process to be adopted  

Close the Gate valve and Butterfly valve provided in the pipeline (80 NB ) between 
Transformer / Reactor Main Tank and Conservator . 

Drain out the oil from Transformer Main tank into the storage Tank up to the level of 
stress shield. 

Fill the Transformer Tank with Dry Nitrogen, UHP grade of Dew point less than -50 
or better, if the replacement is not planned to be carried out immediately after draining 
out of oil from Main Tank up to the required level. 

While carrying out the replacement, release the filled in Dry Nitrogen inside the Main 
Tank (as mentioned in step 3 of replacement procedure). During replacement of 
Bushing keep the Transformer tank pressurized from continuous flow of Dry air of 
UHP grade of Dew point less than -50 or better in order to avoid the ingress of 
moisture. 

Before replacement of the Bushing, carry out IR, Tan Delta and capacitance 

shall be carried out after clearance of pre-erection test results from concerned 
Division.  

Carry out the replacement of bushing as per BHEL standard procedure, in case of 
replacement of 400 KV HV bushing having half connector joint between bushing and 
winding lead at Turret level care shall be taken that hardware used should be of 
appropriate length and after connection the bolt used in connection shall not be 
protruded from profile of half connector. 

During replacement the half connector joint between Bushing and winding lead shall 
be wrapped by three layer of Crepe paper with half overlap. 

Carry out the profile inspection of winding lead entering inside the bottom of stress 
shield of Bushing replaced. Also take the photographs of winding lead profile after 
replacement for record purpose. In case of any doubt during bushing replacement 
contact concerned Service division. 

All Nitrile rubber cord of the inspection cover opened during the bushing replacement 
needs to be replaced by new Nitrile rubber cord. 

After replacement of bushing, apply vacuum in the Main Tank and start filling the 
filtered oil (as per BHEL standard) in the main Tank under vacuum . 
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Equalize the Main Tank and Conservator after opening the valves in the pipeline 
between Main tank and Conservator of Transformer (as mentioned in step 1 of the 
process).  

Carry out the de aeration from Turrets, Bushing and Main Tank, cooler bank and if 
required carry out conservator commissioning as per site requirement. 

After replacement carry out the Tan Delta and Capacitance measurement of the 
bushing replaced and provide the test results to BHEL. 

2.2 STORING OF TRANSFORMER/REACTOR DESPATCHED FILLED WITH 
NITROGEN 

2.2.1 STORING BEFORE COMPLETE ASSEMBLING 

The storing place should be easily accessible for inspection and maintenance of the 
transformer. The bedding for the equipment should be larger than its bottom surface 
and dimensioned for the load. The transformer is placed on boardings or beams so 
that good ventilation is obtained underneath the transformer bottom. 

Before storing, the transformer is inspected according to directions in Clause 2.1 
"Reception and assembling of transformer/reactors dispatched partly dismantled and 
filled with nitrogen". 

A transformer without remarks may be stored up to 6 months after arrival at the site 
without oil-filling. During the storing time, the inert gas (nitrogen) filling shall be 
maintained and pressure regulated, so that exposure of active part to atmosphere is 
avoided. If the storage time is judged to exceed 6 months, the transformer should be 
provided with oil conservator including oil-level indicator and breather, and oil-filled 
according to Clause 2.5. "Oil filling under vacuum". Certain valves must be re-
mounted to enable the oil-filling being carried out. Furthermore, at the time at oil-filling 
of a completely assembled transformer, certain rules in Clause 2.5 & 2.6 must be 
complied with absolutely.  

The oil quality should also be periodically monitored. If for some reason, oil filling 
cannot be carried out after a storage period longer than 6 months, the nitrogen 
pressure shall be maintained and supervised carefully. If the storage time without oil 
exceeds 18 months BHEL should be consulted about measures to be taken. 

Wherever it is desired to keep the transformer energized at a low voltage so that its 
temperature is higher than the ambient temperature, the low voltage may be applied 
to LV winding with other winding in open circuit or short circuit conditions depending 
upon the current to be fed. However, before energizing the transformer, protection 
system of transformer (including electrical protection) must be checked. It may also 
be ascertained whether partial cooling is required in this case.  

2.2.2 STORING OF COMPONENTS AND ACCESSORIES BEFORE 

COMPLETE ASSEMBLING 

Independent of the duration of the storing time, the directions below apply for 
dismounted components and accessories, as well as for material to be used in 
connection with the assembling work.  
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(a) Storing indoors 

In such a room, the following articles should be stored:  

1. Insulation material as paper, pressboard, Bakelite, wood, cotton tape etc. 

2. Insulated details as paper-insulated conductors, pressboard insulated 
shielding bodies etc.  

3. Chemicals as solvents, glues, varnishes, hardeners etc.   

4. Breathers, drying agents. 

5. Terminal boxes, connection boxes, control cabinets. 

6. Gas relays, oil-level indicators, thermometers, pressure valves etc.  

7. M Box, OLTC motor drive, Fans, Pumps, Instruments & fittings. (Heating 
elements provided shall be connected to supply) 

8. Online DGA, Online moisture removal system, sudden pressure relay, 
Conservator isolation valve 

(b) Storing outdoors 

The below components may be stored outdoors. They should be placed above 
ground and covered with tarpaulin etc. 

1. Oil-conservator with blanking plates for all openings.  

2. Radiators and coolers with blanking plates for all openings. 

3. Structures, A frames, Pipe supports, Supports for oil-conservators, radiators, 
control cabinets etc. 

2.2.3 SUPERVISION 

During the storing time, the storing place, transformer/reactor components and 
accessories are inspected regularly. Tap changer if provided should be operated at 
6 monthly intervals. Two or three runs from one end of the range to the other and 
back are sufficient. Observations, readings, measures and dates should be noted and 
BHEL should be contacted for directions about possible measures. Check at even 
intervals -and further more at weather changes as rain, storm, frost or thawing the 
foundation material (boardings, beams etc.) and the condition of the ground.  

Inspect the transformer/reactor periodically with regard to possible external faults 
and/or rust-damage.  

Check also that screws and nuts in sealing joints (covers, lids etc.) are tightened. 
Check every second week that the connected-in heating elements in control cabinets 
function. 

If the Transformer is inert gas filled, one shall check every second week the 
overpressure or inert gas consumption.  
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2.3.7 RADIATORS/COOLERS 

The positioning of the radiators/coolers is indicated on OGA drawing. These are 
positioned so that the highest point of the oil-pipe system is always positioned below 
the bottom level of the conservator.  

The pipe system is provided with filter valves at the start and finish to enable pumping 
the oil through the system. 

All places where air may be collected are provided with air release plugs/ valves. 

2.3.8 RADIATORS/COOLERS PIPES 

The pipe having dimensions as per OGA drawing and may be provided with weld- 
flanges, expansion joints. No pipe part is allowed to be so long that internal inspection 
and cleaning will be difficult.  

The pipes shall be placed so that air release plugs will be positioned at the highest 
point of the pipe part. The pipes shall be painted internally with a yellow, oil-resistant 
paint and externally according to the paint as per specification. 

2.3.9 SHORTING LINKS / EARTHING STRIPS 

All shorting links on tanks, turrets and fittings to be provided as per OGA 
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Note  2: The documents, relevant to Oil, are prepared based on the IEC standard 
applicable as on October-2016. If user wants to refer the latest standard applicable, 
the confirmation shall be obtained from manufacturer.  

Note - 3: For Mixing of oil, please refer IEC: 60296. Please ask the OEM, before 
mixing the oil.  

2.4.3 HANDLING 

Transformer oil should be carefully handled at site to ensure satisfactory service. 
Drums used for transport and storage should be kept under cover. In practice owing 
to contamination in the containers, difficulty may be experienced in maintaining the 
purity of the oil when it is transferred from one vessel to another, and once a vessel 
or drum has been filled with moist oil it is extremely difficult to clean. Drums should 
be clearly marked to indicate whether they are for clean or for dirty oil and should be 
reserved for the type indicated. 

Oil drums should be stored at site preferably on pallets or Bricks layer, in horizontal 

so that ingress of moisture is prevented. It is always recognized that storage of oil in 
drums is not always satisfactory, particularly when oil is stored in drums which have 
been bent or otherwise damaged in transit or storage, and the transfer of oil from 
such containers to electrical equipment should normally be through a suitable 
treatment plant. 

In substations with fixed oil handling equipment like oil storage tank, the pipe work 
from the clean oil tank to the electrical apparatus should be kept clean and free from 
moisture. Where portable oil handling equipment is used, flexible pipe work and hand 
pump should be carefully inspected to ensure that they are free from dirt and water 
and should be flushed with clean oil before use. If the clean oil is being used from 
drums, it should have been recently tested and filling orifices of the drums should be 
clean. Hoses used for clean oil and dirty oil should be clearly marked and provided 
with plugs for sealing the ends when not in use.  

Special care must be taken for oil filtration machine, which is used during treatment 
of oil. It is to be ensured that there is on residual quantity of oil left in oil filtration 
machine. The paper filters or centrifuges used with filtration machine shall be cleaned 
or replaced periodically as per supplier's recommendation. The pipe/hoses used with 
filtration machine should be properly blanked after use. 

Before using oil tankers and filtration plant for handling of oil, the internals/chambers 
need to be thoroughly cleaned using good transformer oil so that the residual of 
earlier used chemical/oil is removed totally.  
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2.4.4 RECONDITIONING 
 
Transformer oil is usually contaminated during handling, transport and storage due 
to ingress of moisture and solid impurities. Hence, oil shall be vacuum filtered 
separately at 500C to 600C using a suitable filtration machine and a spare clean tank 
before filling in the transformer. Details of filtration are given in Clause 11 of IEC: 
60422-2013. Oil treatment shall be terminated when the following parameters are 
attained.  

Table 2.1 
 
Sl. no. KV Class of the 

transformer  
Recommended Permissible limit 
Electrical strength 
(BDV) in kV (min) 

Moisture content ppm 
(Max) 

1 Upto 170 kV 65 15 
2 245 70 10 
3 420 to 765 kV  70 05 

 
Storage Tank oil shall be tested for Electrical strength (BDV)/ Moisture content and 
Tan delta from NABL accredited lab / CPRI / ERDA/NETRA . Test Results carried out 
on Units mounted on filtration Machine will not be acceptable. Storage tank shall be 
as per typical arrangement shown in Fig 2.2 Electric strength and moisture content 
shall be determined following the test procedure of IEC: 60296-2012.Final oil test also 
needs to be carried out through NABL accredited lab / CPRI / ERDA 
 

2.4.5 Evaluation of mineral insulating oil in new equipment 

After reconditioning, Insulating Oil is filled into Transformer/ Reactor. As the oil comes 
into contact with insulating and other materials, it can no longer be considered as 

-2012. Therefore its properties are regarded as 
those applicable to oil in service, even though the electrical equipment itself may not 
have been energized. Oil properties should be appropriate to the category and 
functions of the equipment (see Annexure- 4.3). 

The extent of the changes in properties may vary with the type of equipment due to 
the different types of material and ratios of liquid-to-solid insulation, and should be 
within the limits of Annexure- 4.3. Properties not included in Annexure- 4.3 (with the 
exception of oxidation stability for which no in-service limits have been established) 
should be within the limits of IEC 60296-2012. 

2.5 OIL FILLING UNDER VACUUM 

2.5.1 APPLICATION 

Transformers and Reactors with vacuum-proof tanks shall be filled with oil according 
to this method.  
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2.5.2 STORING TIME 

Generally it applies that Transformers and reactors which during transport are filled 
with dry nitrogen on arrival at the site shall be evacuated and oil filled. Before storing, 
the equipment shall be inspected according to the directions given in Clause 2.1 
"Reception and assembling of transformer/reactor dispatched partly dissembled and 
filled with nitrogen". During the storing time, overpressure shall be maintained, and 
nitrogen consumption checked according Clause 2.2. 

2.5.3 FLOW CHART FOR HANDLING 

In Annexure 2.1 is given a flow chart of handling procedures. The pressure should be 
measured at different times. The pressure is OK if it is maintained according to 
instructions given in Clause 2.2. Reference is also drawn to para 9.0 of IS: 1866 
regarding handling and filling of oil. 

2.5.4 UNITS 

Annexure 2.1 gives the relation between different units. 

2.5.5 PROCEDURE OF DRY OUT BY N2 / ASSOCIATED HEATING METHOD 

For effective and faster removal of moisture from Transformer / Reactor, method of 
dry out by vacuuming followed by N2 filling and if required heating is to be adopted. 
The detail procedure are as under 

2.5.5.1 FIRST CYCLE  

(i) Blank all the openings on the Transformer / Reactor Main Tank. Transformer 
/ Reactor Main Tank is than subjected to vacuum up to 1.00 torr (1 mm of Hg) 
to be pulled and maintained for 72 hrs duration. During this first dry out cycle 
leakages if any observed in the system to be attended and rectified in this 
cycle. 

(ii) After vacuum cycle Dry Nitrogen of dew point more than -60°C or of UHP grade 
(purity 99.9999%) to be pushed in Main Tank under vacuum till Min. pressure 
of 2.0 psi is achieved in Transformer Main tank. The Transformer Tank is to 
be kept pressurized for a duration of 24 hrs. 

(iii) At the end of Nitrogen pressure cycle of 24 hrs, measure dew point values and 
recorded as dry out values of first dry out cycle. Moistened N2 inside 
transformer tank will be removed during second dry out vacuuming cycle. 

2.5.5.2 SECOND CYCLE 

(i) Again start vacuuming of Transformer Main Tank up to 1.00 torr (1 mm of Hg) 
and vacuum is to be maintained for 48 hrs in second dry out cycle. 

(ii) Dry Nitrogen of dew point more than -60°C dew point or nitrogen of UHP grade 
(purity 99.9999%) is again pushed inside Main Tank under vacuum till 
pressure of Min. 2.0 psi is achieved in Transformer Main Tank. The 
Transformer Tank is to be kept pressurized for a duration of 24 hrs. 
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(iii) Measure dew point after 24 hrs in second N2 cycle and record these dew point 
values as dew point values of second dry out cycle and refer these values with 
BHEL standard norms or contact concerned Services Deptt..  

(iv) If the dew point values of second cycle is in line with the BHEL Standard 
norms, Transformer is cleared for further vacuuming followed by filling of 
filtered oil under vacuum and carrying out Hot Oil Circulation process.  

(v) In case desired value of dew point is not achieved than Transformer tank is to 
be again subjected for vacuum pulling for 24 hrs, followed by N2 filling for 
duration of 24 hrs. After each dry out cycle measure the Dew point values and 
compare with BHEL standard norms. 

carried out before filling of filtered oil under vacuum in Transformer Main Tank.  

Note: If the dew point values were not achieved as per BHEL standard norms in 2 dry 
out cycle and higher content of moisture was noticed as per Dry out process carried 
out in 2 cycle, than further Dry out process shall be carried out in consultation with 
BHEL Transformer Services Deptt.  
 
However for improving Dry out values it is suggested that Nitrogen Dry out cycle 
associated with heating cycle shall be carried out. In this process after vacuuming 
cycle pressurized Dry Nitrogen in Main Transformer Tank shall be heated externally 
to raise the temperature of Transformer upto 55-65°C during 24 hours duration 
followed by measurement of Dew point after completion of heated Nitrogen Dry out 
process. These Dew point values shall be compared with BHEL standard norms and 
the process of vacuum followed by insertion of Dry Nitrogen and heating is to be 
repeated till the dew point values were not achieved as per BHEL standards. 

The equipment required for vacuum treatment and oil-filling under vacuum should 
generally be as per Annexure 2.2. The transformer tank and electrical terminals shall 
be earthed for safety reasons.  

No electrical test on the Transformer is permitted during the evacuation.  

Fig. 2.3 shows a typical example of pipe work and valve positioning. 

2.5.6 OIL FILLING 

2.5.6.1 OIL QUALITY 

The transformer/reactor shall be filled under vacuum with oil which has been purified 
and degassed according to Clause 2.4 

2.5.6.2 OIL FILLING IN MAIN TANK 

For main tank, the oil shall be heated to a temperature of 50°- 60°C measured at the 
filter outlet valve. The pressure during the filling shall be max. 1 torr. During the oil-
filling, a transparent plastic tube (5) can be used as an oil-level gauge. The tube which 
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should be a wall thickness of 5-8 mm, may be connected to a top and a bottom valve 
on the transformer. 

Oil-filling of the tank is done through valve (12) at a low level on the transformer and 
at a maximum rate of 4-5 kL/hour. The pressure in the oil pipes shall be kept positive 
and shall be checked by a manometer 13 (if provided).Oil filling to be done as per cl. 
2.6.9. 

For oil filling in diverter switch assembly of an OLTC refer leaflet (Vol.1). 

Separate vacuum-proof cooler system/radiators can be evacuated for about 1-2 
hours and filled separately with purified and degassed oil. The oil is then circulated 
through the vacuum filter at least twice via drain valves as near as possible to the 
transformer. Oil circulation is considered completed until the oil parameters as per 
table 2.3 is achieved. Care should be taken to keep all air release plugs and valves 
open to allow escape of trapped air during oil filling operation. These valves/plugs 
should be closed after completion of oil filling. 

2.5.7 HOT OIL CIRCULATION/ DRYING OUT, OIL RINSING, PARTICLE 
REDUCTION AND PARTCLE COUNTING   

To facilitate oil-penetration and absorption of possible gas bubbles, the temperature 
of transformer shall-after completed oil-filling-be increased by circulating the oil 
through the vacuum filter and with circulation direction according to Fig. 2.4. 

The oil will be circulated through a high vacuum filter machine at 57 °C to 60 °C of 
transformer oil temperature for minimum 3 days. The start time for hot oil circulation 
is considered after achieving the stabilized temperature of oil i.e. Inlet and out let oil 
temp difference should not be more than 3 degree and the Oil temperature to be 
achieved in the process is between 57- 60 degree centigrade and record the IR value 
at an interval of 4 hrs after achieving the stabilized oil temperature values. Also record 
the IR value along with temperature, vacuum of M/c & IR value till oil parameter 
achieved as per table 2.3. Polarisation Index should be preferably more than 1.75. 
Other than this limit please refer the case to BHEL Bhopal.  

TABLE 2.3 

kV Class of 
Transformer 

Recommended Permissible Limits 

Electric 
Strength (BDV) 
in kV (min) 

Moisture 
Content ppm 
(Max) 

Resistivity * at 
90°C      (Ohm-
cm) 

Tan delta* at 
90°C 

Upto 170 60 15 1x1012 0.005 

245  70 10 1x1012 0.005 

420 & above 70 5 1x1012 0.005 

* Subject to availability of testing facility at site. 

Method of test for Electric Strength and moisture content shall be as per IS: 335. / 
IEC-60296 
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CAUTION: 

The temperature during oil circulation should not increase beyond 70°C otherwise 
this may cause oxidation of oil. 

For transformer & reactor of 400 kV class or above, after completion of the hot oil 
circulation in main tank and cooler/radiator system separately, the valves between 
main tank and cooler/radiator system to be opened to allow the mixing of oil. The oil 
rinsing shall be carried out by connecting transformer/reactor to the oil rinsing plant 
connected with particle counter. Initially the oil inlet is connected to the lower portion 
of the tank and the outlet to the upper portion and start rinsing plant for circulation 
and creating turbulence of oil for approx. 1 hour. Thereafter the connection to be 
reversed (Oil inlet to the top of tank and oil outlet to the bottom of tank) and start 
rinsing plant. This process to be continued till the 3 consecutive readings at the 
interval of 1 hour of particle content of the insulation oil is achieved as per below: 

 

If measured with particle counter which 
works on ISO 4402 and ISO 4406:1987 should be <10000 particle/litre 

If measured with particle counter which 
works on ISO 11171 and ISO 4406:1999 should be <15000 particle/litre 

Relevant ISO count for 4 Micron particle is in the range of 10. 

2.5.7.1 SAMPLING  

Oil sampling at various stages shall be done in accordance with IS: 6855 / IEC-60475. 
When samples are taken from transformer tank, oil will be drawn from Top & bottom 
of the tank. When it is desired to know gas content and composition of dissolved 
gases in transformer oil before commissioning for reference purposes (required for 
interpretation of Dissolved Gas Analysis results during service), sampling shall be 
done as per IS 9434 / IEC: 60567. 

2.5.8 STANDING TIME 

Standing time is the time between 'finished oil circulation' and 'energization'. The time 
appears from table 2.2. 

2.5.9 FINAL OIL FILLING OF TRANSFORMERS/REACTORS DESPATCHED 

OIL FILLED. 

Smaller transformers/reactors are often factory-filled with degassed oil up to about 
10% below the cover and transported in this condition. The final filling up to the correct 
level in the conservator is made at site. 

2.5.9.1 TRANSFORMERS / REACTORS WITH SYSTEM VOLTAGE < 36 KV 

Previously degassed oil (e.g., at the factory) stored in tight drums may be used for 
the filling. Check the dielectric strength of the oil which should be as per Clause 2.4.4. 
If accepted, the oil is pumped into the conservator and in this way fed into the 
transformer / reactor. To prevent any free water in the drums from entering the 

Procedure for transformer / Reactor Installation , Testing and Commissioning



 

 

41 | P a g e  

transformer / reactor the opening of the suction tube must lie 0.1 m above the lowest 
point in the drum. A suitable valve on the cover and/or valves or upper tightening nuts 
at the bushings have to be opened for complete removal of air below the cover and 
in the bushings. When the oil is seeping out at these points, shut the valves and 
tighten the nuts at the bushings. 

2.5.9.2 TRANSFORMERS/REACTORS WITH SYSTEM VOLTAGE > 36 KV 

The filling is performed as described above, but at least a paper filter must be used 
for drying the oil. 

2.6 OIL FILLING INSTRUCTIONS FOR CONSERVATORS WITH AIR CELL 

2.6.1 INTRODUCTION 

In all transformers specially in high voltage class, maintenance of insulating oil 
notably its dielectric property forms one of the determining factors of reliability of 
equipment in service. Oxidation and contamination of transformers/reactor oil can be 
avoided in a simple and effective way by use of above oil preservation system. The 
complete system is known as "Conservator with Air Cell". In this oil preservation 
system a flexible air cell made of oil resistant 

Nitrile rubber is placed inside the conservator and floats on the oil surface. The air 
cell inflates or deflates as the oil level in the conservator falls or rises depending on 
the ambient temperature and load on the reactor. The inside of the rubber bag (Air 
Cell) is put into communication with atmosphere by means of a silica gel breather 
which ensures dry atmosphere inside the air cell. In addition to the above this system 
provides following advantages.  

i. It avoids saturation of absorbed gases. 

ii. As no gas is used in this system, which operates at constant pressure, this 
formation of gas bubbles at low ambient temperature and load is eliminated. 
The system thus preserves the oil quality particularly its dielectric properties. 

The conservator with air cell is provided with a magnetic oil gauge having one 
electrical contact. The indication shown on the dial physically corresponds to 
the oil level in the conservator which is due to balance of static pressure 
between the oil of the conservator and the atmospheric air inside the air cell. 
This system is also provided sometimes with a set of pressure and vacuum 
valves. These valves operate to pass either oil or air in the event of over filling 
or under filling the conservator during installation. 

When oil is to be filled by taking vacuum through conservator refer section 2.6.9 
whereas when conservator is to be isolated during oil filling in transformer refers 
section 2.6.2. For deciding the applicability of either process consult OGA drawing / 
BHEL representative 

2.6.2 DESCRIPTION OF OPERATION 

Figure 2.5 indicates the general arrangement of oil preservation system. The oil 
connection between conservator and transformer tank is made through Buchholz 
relay and valves are provided in between.  
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The flexible air cell is connected to the top of the conservator through gasket joint. 
Under normal condition air cell is completely surrounded by oil and floats in the 
conservator. The air cell inflates/deflates as the oil volume changes. The float of the 
MOG which is always in contact with under side of the air cell moves up and down 
and indicates the oil level. The cell will sink in the remote event if it is damaged and 
MOG alarm will operate. The conservator then functions as a conventional 
conservator without affecting the performance of the transformers/reactor. 

2.6.3 INSTALLATION 

This system is shipped separately from main tank. The air cell is shipped fitted in the 
conservator. A low positive pressure of less than .07 kg/sq.cm (1 psi) is maintained 
to avoid excessive movement of air cell in the conservator during transit. MOG is also 
shipped fitted on the conservator. Install the conservator and associate parts except 
breather as per transformers/reactor outline drawings and assemble oil pipe work.  

2.6.4 OIL FILLING 

The following procedure is recommended.  

i. Close and blank the valve (14) to isolate the conservator from main tank. Fill 
the oil in transformer under vacuum upto Buchholz level as per instructions 
given elsewhere. '  

ii. After filling the oil in transformer and breaking the vacuum, oil can be filled in 
the conservator either through reactor or by drain valve (4). 

iii. Remove the inspection cover (11) provided on the side of the conservator and 
check the air cell assuring that it is inflated. The air cell must remain in fully 
inflated condition during oil filling operation. If the air cell is found deflated fit 
the inspection cover and inflate the air cell with dry air/nitrogen gas to 0.035 
kg/sq.cm max. through connection (8). A gauge may be put by removing plug 
(10). After filling close these connections.  

iv. Remove air release plugs (5) (6) and (7) provided on top of the conservator. 

v. Slowly pump the oil through the main reactor/drain valve (4). Temporarily stop 
filling operation when oil starts coming from opening (5) and (6) after ensuring 
that no air bubbles come out through these air release holes. Fit the two air 
release plugs.  

vi. Continue oil filling till oil start coming from air release plug (7) stop oil after 
ensuring that no air bubbles come out. Fit the plug (7).  

vii. Now release the air pressure held inside the air cell from point (8) and continue 
oil filling until magnetic oil gauge (3) indicates 35°C level.  

viii. Remove oil pump and connect air cell to breather (9) from point (8). Also 
remove pressure gauge and put plug (10). 

ix. The system is now properly filled. Air release plugs (5), (6) and (7) are fitted in 
normal operation. 
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2.6.5 PRECAUTIONS 

i. Oil filling in the conservator and also draining whenever required must be done 
very slowly. During oil filling, pressure in the air cell should not exceed 
0.1kg/sq.cm (1.5 psi).  

ii. If a pressure or vacuum is ever applied to the main reactor tank the 
conservator must be disconnected and a blanking plate fitted on shut off valve. 

iii. Do not weld on conservator to avoid damage to the air cell.  

iv. Once all the air has been driven out during oil filling in the conservator do not 
remove air release plugs (5), (6) and (7). Otherwise air will be sucked inside 
the conservator. 

2.6.6 MAINTENANCE 

Little maintenance work will normally be required except routine visual inspection. 
However, it is desirable to check the breather opening to ensure it is not blocked. 
Further silica gel should be regenerated/replaced when its colour changes from blue 
to pink. 

2.6.7 AIR CELL 

Air cell is made from Nylon fabric coated with Nitrile rubber, In the event it becomes 
necessary to replace or test the air cell for leaks the following method is 
recommended. 

i. De-energise the transformers/reactor. 

ii. Isolate the conservator by closing the valves (14). 

iii. Drain the oil from the conservator through the valve (4) by removing air release 
plugs (5) and (6). 

iv. Remove inspection cover (11) if necessary, Install the pressure gauge on point 
(10). 

v. Pressurize the air cell (2) by dry air/nitrogen to a max. pressure of 1.5 psi and 
seal. Check the pressure for 6 hours. 

vi. If leaks are found, air cell to be repaired by patching or replaced by a new air 
cell. 

vii. For taking out the air cell from conservator, remove the air cell flange and loops 
from hooks provided on inside of the conservator top. Collapse the air cell 
slowly and fold, remove it from conservator very carefully. 

viii. In the event air cell is not available immediately, conservator may be used as 
a conventional conservator. 

2.6.8 OIL PRESSURE TEST 

Oil pressure test on fully erected Transformer / Reactor to be conducted as per 
annexure 2.3 before hot oil circulation. 
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2.6.9 INSTRUCTION FOR EVACUATING OF THE TRANSFORMER / REACTOR 
VIA THE CONSERVATOR FOR FILLING OIL. 
 
 
 

 

 

1. Release the overpressure in the Air cell by unscrewing the Plug (10). Open 
the plug (5) and (6) on the top of the conservator and blow dry compressed air 
for a short while, to relieve the air cell from the walls of the conservator. Wait 
for at least an hour to allow the Air cell to collapse completely. Tighten the plug 
(10) and close plug (5) and (6). 

2. Remove the breather (09) and blank the flange (10). 

3. Open the shut off valve (14) and (16) between conservator and transformer. 
Open the bypass pipe valve (20) between conservator and Air cell and valve 
(21). Connect the Vacuum pump to pipe flange (11) hanging down from 
conservator. 

4. Filling of the oil through the tank can start when vacuum has reached below 1 
torr. When the oil level reaches the Buchholz relay in the pipe between tank 
and conservator, the Shut off valve (14) located in same pipe to be closed. 

5. End the vacuum and close the bypass pipe valve (20) between conservator 
and Air cell and open the plug 5 and 6 on top of conservator.  
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6. Open the Plug (10) provided on top of conservator. 

7. Mount the pressure gauge (16) in position of plug (10) and close the valve 
(21). 

8. Fill the Air in Air cell by opening valve (20) up to 1.5 PSI and close the Valve 
(20) when pressure reached. 

9. Open the Shut off valve (14) between conservator and transformer and press 
up oil slowly. 

10. Continue the Oil flow until oil flows from the plug (5) and (6). 

11. Close the Shut off valve (14) and the plug (5) and (6), open the valve (20) and 
breather flange (9) to release air from Air cell. 

12. When the pressure in the Air cell has decreased to atmospheric pressure, the 
pressure gauges (16) shows no detection open the Shut off valve (14) again 
and continue oil filling until the oil level specified has been reached and MOG 
shows 35 °C reading. 

13. Connect the Breather (09) to flange (10) and blank flange (11) . 
 

Note:  The above Oil Filling under Vacuum to be followed for 765 kV & above 
transformers /reactors in case of specific requirement. 

2.7 UNTANKING OF ACTIVE PART 

2.7.1 GENERAL 

If for some reason it becomes necessary to un-tank the active part (core and 
windings) of a large reactor/transformer, it ought to be done under supervision by 
BHEL erectors. Universal instruction for the un tanking procedure cannot be given, 
as the design practices of large equipment vary. The following general directions are, 
however, applicable in most cases.  

The un tanking must be done indoors. If there is no suitable hall available, lifting can 
be done in the temporarily arranged room. e.g. a tent. The oil & the internal parts of 
the transformer must not in any case be exposed to rain or humidity. 

In case of bell shaped transformer, only bell cover is lifted for access to active part. 

2.7.2 OIL DRAINAGE 

Drain off the oil from the transformers/reactor either partly or completely. 

2.7.3 DISCONNECTING 

Open all inspection covers for observation. Disconnect leads to bushings, current 
transformers, winding temperature devices, Oil temperature devices and earthing 
leads (common CC-CL-G) between active part and cover or tank side from earthing 
terminal board and any other connections like fiber optic probes from feed through 
plate welded on tank wall. Disconnections mentioned above can usually be made 
through hand holes in cover or tank side.  
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2.7.4 REMOVAL 

Remove all large bushings, tank cover or top tank mounted conservator, lightning 
arrestors (if provided), thermo siphon (if provided), PRV pipe work, heavy gate valves 
(150 NB, 200 NB, 250 NB), neutral grounding arrangement : post insulator, copper 
strips & connectors (if provided). Break all connections between tank cover or top 
tank and tank-piping to oil conservator and cooler thermometers etc.  

Remove the cover bolts. If the cover is welded to the tank flange, free the cover 
according to directions given in Clause 2.9.  

2.7.4.1 COVER OR TOP TANK 

Before lifting tank cover or top tank, refer the instructions given in outline general 
arrangement and on lifting bollard on tank wall. When lifting the cover or top tank use 
the cover-lifting eyes or lifting bollard which are designed for a minimum angle of 60 
degrees between sling branches and the horizontal plane. The length of the sling 
should therefore be sufficient for at least this angle. Wall shunts with press board 
barriers (if provided) and tap changer should be properly mounted on tank wall and 
on tap changer mounting bracket welded on end frame or stool locked on bottom tank 
respectively. HV, IV, tapping & neutral leads should be properly clamped with 
supporting cleats provided with Terminal gear. to avoid damage. 

Place the cover on suitable wooden supports and in such a way that thermometer 
pockets, small bushing etc. underneath the cover are not damaged.  

No grinding or cleaning up of the tank flange is to be carried out before the active part 
is lifted out of the tank. 

2.7.4.2 UNTANKING 

Loosen locking devices, if any, between top core clamps and tank side.  

Refer instructions given in outline general arrangement before lifting.  Lift the active 
part by means of lifting eyes or lifting lugs provided on the top core clamps. To avoid 
damages on the active part it is important that it is centered carefully in the tank during 
lifting procedure.  

After un-tanking, place the active part on a horizontal foundation. 

2.7.5 RE-TANKING 

Grinding or/and cleaning up of the tank flange has to be done before the active part 
is lowered into the tank. Check that the tank inside is free from contaminations. 

Re-tanking is then done in the reverse order that is outlined above. Note that guiding 
pins or blocks are welded to the tank bottom to prevent the active part from moving 
in the tank. When lowering the active part, check that it fits exactly the guiding pins 
or blocks. 
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2.7.6 REASSEMBLING 

Wipe the underside of the cover free from any dirt or foreign matter before lifting it 
into correct position above the reactor tank. Lower the cover the last few inches 
exactly into position without sliding on the gaskets. 

Reassemble bolts nuts of supporting devices. Weld the cover when the welded 
construction is used. Reassemble Bushings, conservator etc., and reconnect pipings, 
leads to bushings, current transformers, etc. Reassemble inspection covers. 

After the transformer is completely assembled, it may be necessary to dry it before 
oil fining- see clause 2.5. 

2.8 MOUNTING OF GASKETS 

2.8.1  

The gaskets have a circular/flat cross-section and are made of oil and heat- resistant 
synthetic nitrile rubber/nitrile rubber bonded cork. For small gaskets, O-rings are used 
with diameter 3,5.0 or 8.0 mm, while round rubber cords with diameters 8,12 or 19 
mm are used for large gaskets. 

The groove is normally milled or turned, but for large flanges the groove is created by 
means of steel bars welded on top of the flange. The width of the groove is slightly 
smaller than the cross-section diameter of the gasket in order to keep the gasket in 
position during the assembling work. 

Opened sealing joints may be sealed again using the new gasket. When handling 
and lifting flange, cover etc. with gasket grooves, care should be taken when using 
tools and lifting devices to avoid that the grooves getting damaged or deformed. 

Before assembling of groove gaskets, it is checked that the grooves and contact-
surface in the joint are free from foreign particles and that the paint is free from thick 
coatings, trickles and drops. 

When assembling the rubber cord in the groove, the cord length shall be continuous. 
The gasket is given a small surplus length to compensate for shrinkage. 

The gasket is pressed down into the groove without stretching or slackening. 

To prevent the gasket from falling from the groove on vertical surfaces, the gasket 
may necessarily be spot-glued to the bottom of the groove.  

The screws in the sealing joint shall be tightened so that an even pressure is obtained 
on the gasket. This is obtained preferably by means of a moment spanner. Rubber 
gaskets in grooves need not normally be re-tightened. 

Above description is followed generally for turrets, inspection cover etc. For main tank 
rim joint, LV turrets of Generator Transformers where metallic stops are provided, 
nitrile rubber bonded cork is used, for which following instructions shall apply. 
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2.8.2  

i. Gaskets when supplied loose, have no bolt holes in them. They are usually cut 
to the size and shape required, although they may be supplied as straight, 
angled pieces from which complete gaskets can be built up. 

ii. Scarfed joints should be used. A 40 mm scarf in 5 mm thick material is 
recommended. Joints should be located away from corners and bolt holes, 
and should be well bonded, smooth and free from local thickening. Neoprene 
solution is used as an adhesive for joints. 

iii. Gaskets are best stored in hermetically sealed containers in a cool place. They 
must be protected from damp, oil and grease-  

iv. To make a gasket joint, first clean the metal surfaces by thinner to ensure that 
they are free from oil, rust, scale etc. Using one of the flanges as a template, 
punch the necessary bolt holes. Insert the bolts and tighten the bolts 
sequentially, a little every time so that uniform pressure is exerted on the 
gasket until the gasket is compressed to about 2/3 of its original thickness. 
Joints should not be subjected to pressure until tightening is complete. If care 
is taken in making joints, and in handling the gasket, it is possible to break and 
remake a joint several times, using the same gasket. 

v. For making leak proof and good gasket joints, it is necessary that uniform 
pressure is achieved all over the gasket after matching rims/ flanges have 
been clamped with bolts/studs.  

Following instructions be followed for proper tightening of bolts/studs. 

a) Tighten lightly the bolts/studs diagonally in the sequence as shown in the fig. 
2.6. 

b) Tighten again bolts/studs in the same sequence with the torque given below : 

Bolt Stud Size 
Max Toque in Kg.m 

IS 1367 Cl. 4.6 IS 1367 Cl. 8.8 IS 1367 Cl. 12.9 

M 10 3 5 8 
M 12 5 9 14 
M 16 12 23 35 
M 20 12 47 69 
M 24 17 81 119 
M 27 23 117 172 
M 30 28 160 234 

In case of metallic stoppers tighten until metal to metal contact is achieved. 
 

c) Do not overtighten, otherwise gasket will get crushed. 
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2.9 WELDED COVER (IF APPLICABLE) 

In order to obtain a good sealing between the transformer tank and the cover a 
welded joint is recommended. The welding is performed in a certain way to permit 
opening and new welding repeated a number of times. The chiselling up and re-
welding will take about the same time as dismantling and reassembling of bolted 
cover. 

If the welded cover for any reason has to be removed proceed as follows: 

2.9.1 OPENING THE COVER 

When opening the cover the welding joint should be removed by a suitable grinding 
wheel. The cover should be clamped to the frame by means of G-clamps to prevent 
iron chips from penetrating into the tank. Any parts of the weld which may possibly 
remain on the tank flange should be removed by a chisel to enable a good result of 
the re-welding. 

2.9.2 RE-ASSEMBLY 

When fitting the cover again cork-rubber gaskets, 25 x 5 or as specified are fitted on 
the tank flange, see fig. 2.7. 

The gaskets are kept in the correct position with glue base on rubber base. The cover 
should be clamped to the tank flange by means of G-clamps evenly distributed along 
the flange with about 600 mm spacing. Tack welding is carried out with about 100 
mm spacing. An extra G-clamp is used during the tack welding and is moved along 
the flange during the progress of the work. The continuous weld is then applied. 
Finally the weld should be cleaned and painted. 

WARNING 

When welding, a fire-extinguishing equipment should be available, and the work 
supervised by fire-protection personnel. 

2.10 EARTHING OF ACTIVE PART AND CORE INSULATION TEST 

2.10.1 REACTORS 

The ground-connection terminals for the reactor active part are located in a box at 
the tank end, close to the bottom. Please see fig. 2.8. 

The terminals are protected by a cover. The cover can be removed with the tank oil- 
filled. 

The terminal box contains a terminal block with three terminals. 

 The terminal marked CL is connected to the core laminations. 
 The terminal marked CC is connected to the core clamps. 
 The terminal marked G is connected to ground (the tank). 

For the core-insulation test, remove the cover. Disconnect the closing link that 
connects the two terminals CL-G. Use preferably 1000V mega direct voltage between 
CL and CC + G. The tank shall be grounded during the test. The insulation value after 
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1 min. test- time shall be minimum 1000 k-ohms. There is no general requirement on 
the insulation level CC-G . 

2.10.2 TRANSFORMERS 

For checking core insulation in case of transformers refer Fig. 2.9 for connection 
details. 

2.11 TOUCH-UP PAINTING 

2.11.1 PURPOSE 

A basic principle at touch-up painting should be to restore a damaged paint coat on 
a surface to the same quality and finish as of the surrounding surface. The touch-up 
painting should be limited to a surface as small as possible. 

2.11.2 CLEANING 

Both damaged and surrounding surface should be cleaned so that all grease, dust 
and other impurities will be removed. 

2.11.3 GRINDING OF DAMAGES 

Large damages and defects are ground by means of a coarse abrasive paper, e.g. 
No.100. The surface is then ground with a finer paper in connection with the damage, 
e.g. 150 or 180. Damages that are limited to the paint coat only should be ground off 
completely at which glazing can be avoided. 

2.11.4 FINISHING PAINT 

Two coats of finishing paint should be applied as per specification which is generally 
light grey shade No.631 of lS: 5. Please refer Table 2.4 for suppliers reference. 

TABLE 2.4 

Paint Make Internal Surface External Surface 

Asian APCODUR CF699 
WHITE 

APCODUR 
RAPID 
RECOAT ZP 
PRIMER 
GRAY 

APCODUR 
RAPID 
RECOAT HB 
MIO 

APCOTHANE 
CF678 

Akzo Nobel INTERLINE 1012 
WHITE 

INTERGUAR
D 251 

INTERGUAR
D 966 

INTERTHANE 
990 

Jotun PENGUARD HB 
WHITE 

PENGUARD 
HSP ZP 

PENGUARD 
MID COAT 
MIO 

HARD TOP 
XP 

Ching CHING EP EMC 
182 WHITE 

CHING EP 
PRIMER 
EMD 183 

CHING EP 
MIO EMD 30 

CHING EP 
TOP COAT 
ADD47 
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ANNEXURE 2.1 

FLOW CHART FOR HANDLING 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Relationship between different units 

1 bar = 105 Pa = 750 Torr = 14.5 psi = 1.02 kg/sq.cm 

1 Torr = 1.33 mbar = 0.133 kPa 

1 kPa = 103 Pa = 10 mbar = 7.501 Torr 

1 MPa = 106 Pa 

 

Force        Volume 

1 kp = 9.807 N      1Liter   = 0.26 US gallons 

1 US gallon  = 3.781Liters 

1Liter   = 0.22 Imp gallons 

1 Imp gallon = 4.551Litres  

Temperature 

C = 5 x (F-32)/9 

F = 9 x (C+32)/5 

STANDING TIME ACCORDING TO TABLE 2.2. 

OIL-CIRCULATION THROUGH FILTER 

ARRIVAL AT SITE 

EVACUATION AND OIL FILLING 

MEASUREMENT OF PRESSURE 

VOLTAGE APPLICATION 

ASSEMBLY 
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ANNEXURE 2.2 

EQUIPMENT FOR OIL-FILLING UNDER VACUUM 

 

i. High-vacuum 2 stage oil filtration plant provided with thermostat controlled 

ii. oil heaters and vacuum-proof hoses with independent vacuum pumping 
system for tank evacuation. Capacity: 6000 LPH 

iii. Oil-storage tanks provided with silica-gel breathers and inlet/outlet valves for 
oil circulation. Recommended capacity 20 kL -30 kL (Clause2.4) 

iv. Vacuum gauges provided in filtration plant. 

v. Equipment for measurement of electric strength (BDV) of oil- 100 kV set. 

vi. Equipment for moisture content of oil. 

vii. Equipment for measurement of Resistivity and Tan delta at 90°C . 

viii. Oil-sampling cans or bottles. 

ix. Transparent vacuum-proof tubes for checking of oil-level during oil filling. 

x. Valves, fittings, gaskets etc. 

xi. Dry nitrogen cylinders. 
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