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CHAPTER 1 

 
 

GENERAL 
 
 
 
 
1.1 INTRODUCTION 
 

The transformer is a static device, which transform power from one AC circuit to 
another AC circuit at same frequency but having different characteristics. These circuits 
are conductively disjointed but magnetically coupled by a common time varying 
magnetic field. It can raise or lower the voltage with a corresponding decrease or increase 
in current. 

 
In all the electric locomotives, limiting the value of current during starting, speed 

control is achieved by supply of variable voltage to the traction motors. This variation of 
applied voltage can be carried out easily by the use of transformer along with tap changer 
provided in the locomotive. 

 
The windings which form the electrical circuit must fulfill certain basic 

requirements, particularly the di-electric, thermal and mechanical stresses imposed on it 
during testing as well as in service and cater for over loads under adverse conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1.1 LOCO TRANSFORMER 
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1.2 PRINCIPLE OF WORKING 
 

 In general principle of working of a transformer can be expressed on the basis of law 
of electromagnetic induction as following: 
  
a. When a conductor cuts the magnetic flux or magnetic flux cut the conductor, an 

emf is induced in the conductor. 
 

b. The magnitude of this emf is proportional to the rate of change of flux. 
 
E  =  -dφ/dt 

 
Where,   E  =  emf 

φ =  flux 
 Kinds of emf 

 
The emf may be induced by two ways 

i. Dynamically induced emf 

ii. Statically induced emf. 

a. Mutually induced emf 

b. Self induced emf 
 

An emf induced in a coil due to variation of flux in another coil placed near to 
first is called mutually induced emf. 

 

The emf induced in a coil due to change of its own flux linked with it is called 
self-induced emf. (In case of autotransformer) 
 

In its simplest form, a transformer consists of two conducting coils. The primary 
is the winding which receives electric power, and the secondary is one which delivers the 
electric power. These coils are wound on a laminated core of magnetic material. 

 
The physical basis of a transformer is mutual induction between two circuits 

linked by a common magnetic flux through a path of low reluctance as shown in fig.1.2 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

PRIMARY 

LAMINATED CORE 

SECONDARY 

Figure 1.2 IDEAL TRANSFORMER  
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The two coils possesses high mutual inductance. If one coil is connected to a 
source of alternating voltage, an alternating flux is set up in the laminated core, most of 
which is linked up with the other coil in which it produces mutually induced emf i.e. 

 
 

E = M di/dt 
 
If the second circuit is closed, a current flows in it and so electric energy is 

transferred (entirely magnetically) from first coil (primary winding) to the second coil 
(secondary winding). 

 
1.2.1 EMF Equation of Transformer 
 

Let,   N1 =  Number of turns in primary. 

N2 =  Number of turns in secondary. 

φm =  Maximum flux in the core in webres. 

 f   =  Frequency of AC input in Hz. 

v1  =  Instantaneous value of applied voltage in primary winding in volts. 

The instantaneous value of counter electromotive force e1, can be expressed as  

e1 =  - N1 dφ/dt volt 

The counter emf e1 is equal and opposite to applied voltage v1 i.e. 

v1 =   N1 dφ/dt volt 

rms value of emf induced in primary  

E1 = 4.44 f N1 φm 

Similarly, rms value of emf induced in secondary  

E2 = 4.44 f N2 φm 

In an ideal transformer  

V1 = E1 & V2 = E2 

Where V2 is the secondary terminal voltage 

With the above expressions we get  

E2/ E1 = N2/ N1 = K   

Where K is known as voltage transformation ratio. 

(a) If N2  > N1 i.e. K > 1 then the transformer is called step up transformer. 

(b) If N2  < N1 i.e. K < 1 then the transformer is called step down transformer. 
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1.3 TECHNICAL DATA OF ELECTRIC LOCO TRANSFORMERS 
 
   The technical details of transformers used on different types of electric 

locomotives are as following:  
 

1.3.1 Transformer For 25kV AC electric locomotive class WAM4, WAG5, WAP1 
 

Rated voltage  

Normal        25.0 kV 

Maximum        27.0 kV 

Minimum        19.0 kV 

Minimum voltage for guaranteed traction performance 22.5 kV 

Minimum voltage for functioning auxiliaries   17.5 kV  

Frequency        50 Hz ± 1.5 Hz 

Cooling        Forced oil air forced cooled 

Rated secondary no load voltage at 32 tap under  
catenary voltage 22.5 kV  

865 V 

Total continuous rated current     4500 A (2 x 2250A) 

Primary input        4170 kVA 

Total apparent power of the secondary    3900 kVA 

% Impedance voltage at 32 tap   10% ± tolerance as per IEC 310 

No. of traction winding                                  Two  

System of connection of traction 
windings 

Two independent windings but capable of being 
connected in series/ parallel combination. 

Insulation Class ‘A’ with mineral oil  

Emergency operation In the event of failure of cooling system i.e. liquid 
circulating pump and radiator blowers with the 
transformer should be able to deliver 50% of the 
traction current for half hour after having worked 
at 90% of the full load before failure. 

Percentage overload rating after 
running continuously at 90% full 
load. 

60% for two minutes followed by 50% for 10 
minutes. 
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Auxiliary winding ARNO Static converter 

Approximate no load voltage under 22.5 kV catenary 
voltage 

415V 830v 

Continuous rated power for auxiliary winding  270 kVA 270 kVA 

Percentage impedance drop 3-5% 3-5% 

Rated primary power 4170kVA 4170kVA 

 
1.3.2  Transformer For 25kV AC electric locomotive class WAG5HB, WAG7, WAP4 
 

Rated voltage 

Normal  

Maximum  

Minimum  

25.0 kV 

27.0 kV 

19.0 kV 

Short time 

Minimum 17.5 kV 

Maximum 30 kV for short duration 

Minimum voltage for guaranteed 
traction performance 

22.5 kV 

 

Minimum voltage for functioning 
auxiliaries 

17.5 kV 

Frequency 50 Hz ± 3 Hz 

 

No. of traction winding Two  

System of connection of traction 
windings 

One winding for each of the rectifier 
bridges. 

Rated at traction motor terminals at 
operating tap corresponding to 22.5 
kV on catenary 

750V dc 

Rated no load secondary voltage at 
the highest tap corresponding to 22.5 
kV on catenary 

Approx. 1000 V ac 

Total continuous rated direct current  5400 A 
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Apperent traction power of the 
secondary 

5400 kVA 

% impedance  10% ± variations as per IEC 310 

Insulation Class ‘A’ with mineral oil  

Emergency operation In the event of failure of cooling system i.e. 
liquid circulating pump and radiator blowers 
with the transformer should be able to deliver 
50% of the traction current for half hour after 
having worked at 90% of the full load before 
failure. 

Percentage overload rating after 
running continuously at 90% full load 

 

60% for two minutes followed by 50% for 10 
minutes. 

Auxiliary winding ARNO Static converter 

Approximate no load voltage under 22.5 kV catenary 
voltage 

415V 830v 

Continuous rated power for auxiliary winding  270 kVA 270 kVA 

Percentage impedance drop 3-5% 3-5% 

Rated primary power 5670kVA 5670kVA 

 
1.3.3 Transformer For 25kV AC electric locomotive class WAG9, WAP5, WAP7 

 

Common Ratings for WAG9, WAP5 & WAP7 Loco Transformers 
 

Rated voltage  

Normal  

Maximum  

Minimum  

25.0 kV 

30.0 kV 

17.5 kV 

Frequency 50Hz ± 6 % 

Cooling medium Inhibited transformer oil to IEC–296/ IS-12463 

Series Resonant Choke (2SOD 240) 

Inductance 0.551 mH (± 15 %), Liner to Ipeak  = 1391A 

Thermal current Ith 984A 

Resonant frequency 100Hz 

Voltage stress between terminals to earth Nominal 482 Vac , Max. 3471 V 
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Auxiliary Converter Choke (6GOD 120) 

Inductance per PUR - choke 

0A 30 mH 

120A 30 mH 

155A 26 mH 

190A 20 mH 

Frequency 100 hz 

Current  Rated 155A,     Max. 190A 

Ripple Nominal 38.6%, Max.  50.2% 

Voltage to earth Rated 1153 V,  Max. 2000 V 

 
  Ratings for WAG9 loco transformer 

 

Winding Power (kVA) Voltage  Current 

HV 6531 25000 261.25 

Traction 4 x 1449 4 x 1269 4 x 1142 

BUR 334 1000 334 

Filter 400 1154 347 

Total weight 9450 ± 3 % kg 

 
Ratings for WAP5 and WAP7 Loco Transformer 

 

Winding Power (kVA) Voltage  Current 

HV 7475 25000 299 

Traction 4 x 1449 4 x 1269 4 x 1142 

BUR 334 1000 334 

Filter 400 1154 347 

Hotel load 945 750 1260 

Total weight 10000 ± 3 % kg 
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CHAPTER 2 
 

CONSTRUCTION 
 
 
 
2.1    ASSEMBLY 
 

An independent steel frame is used to press the iron core and winding together. 
The frame is fixed to the bottom of the tank by means of 4 bolts inserted into 4 threaded 
plates. At the upper end the frame is screwed to the cover of the transformer with the aid 
of 6 bolts. By lifting the cover the complete active part of the transformer can be removed 
from the tank. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The tap changer is firmly attached to a support fixed to the cover of the 

transformer. The mechanical and electrical interconnections between the transformer and 
tap changer are accessible by 4 manholes cut into the tap changer housing. The tap 
changer can be removed easily after loosening the connections. 

 
The power from the overhead system is fed to the winding of the regulating 

transformer through a condenser type bushing comprising of these components. The 
upper bushing is mounted on the roof of the locomotives. The lower bushing is fitted on 
the cover of the transformer, whereas the middle part is screwed to the lower bushing. 

 
The winding of the regulating transformer is provided with 32 tapings which are 

connected to the tap changer. The tap changer on the other hand, connected to a transition 
resistance, feeds the primary winding of the transformer. 

 
The secondary winding has four bushings which are connected to the silicon 

rectifiers. 
 

 

Figure 2.1 LOCO TRANSFORMER ASSEMBLY 
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2.2  DIFFERENT PARTS & COMPONENTS OF TRANSFORMER 
 

Transformer consists of the following parts and components. 
 
1. Core and winding 

2. Transformer tank  

3. Protection system fittings 

4.  LV bushings 

5.  HV bushings 

6.  Main bushing  

7.  Conservator  

8.  Breather 

9.  Tap changer with driving arrangement 

10.  Radiator 

11.  Oil circulating pump  

12.  Oil isolating cocks 

13.  Oil outlet valve 

14.  Oil level indicator 

 
2.3    CONSTRUCTIONAL DETAILS OF LOCO TRANSFORMER 
 
2.3.1   Core 
 

The constructional features of a traction transformer are more or less same as 
other power transformers. The locomotive transformer core is made from cold rolled 
grain oriented steel of best grade and provides magnetic circuit. The magnetic circuit 
consists of a laminated core of interleaved construction comprising of a three-limbed 
construction. One of these legs carries the windings of the regulating transformer with 
tappings connected to the tap changer and auxiliary winding for auxiliary circuits. The 
primary windings of the fixed ratio transformer and the secondary winding feeding the 
rectifier traction motor circuits are distributed on two other legs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.2 CORE AND WINDING   
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Due to height limitation in electric locomotive, the core is placed horizontally. It 
also requires careful tightening of the core, end frames and cores together, to form a rigid 
assembly, otherwise there is a possibility of sagging of the core limbs. 

 
2.3.2   Windings 
 

The regulating winding and auxiliary 
winding are placed on limbs II and III are 
provided with HV and LV windings. The 
conductors used are of paper covered high 
conductivity copper strips. As the numbers 
of taping leads are large they are carefully 
insulated and anchored to prevent movement 
under mechanical forces. The entire core and 
coil are held in position by steel pins at the 
bottom to prevent shifting of the assembly. 

 
 
 
 
 
 

 
Leg I carries the winding of the regulating transformer AO-A33 stepping down 

the voltage of the overhead system to a value permissible for the equipment. 
In addition to the winding of the regulating transformer leg I carries the 

electrically separated winding a0-a1 (389 Volts) & a0-a1 (778 Volts) of the auxiliary 
circuits. 

 
The legs II and III carry the primary and secondary windings of the main 

transformer. The primary windings of both legs are connected in series. The starts ends of 
the primary winding is bought out to the terminal A34 and is connected through the tap 
changer with the tapings A0 to A32 of the regulating transformer. The finish end of the 
winding is permanently connected to A0 internally. The secondary winding consists of 
two branches, a3-a4 and a5-a6. 

 
 

 

Figure 2.3 CORE AND WINDING   

 

 
Figure 2.4 SCHEMATIC DIAGRAM 
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The values of unequal secondary voltages at various taps of regulating winding with 
25kV primary values are as under: 

 
1. Transformer rating 3900 kVA 

 
The regulating winding of the transformer shall have unequal number of 

turns to obtain unequal voltage steps at traction secondary windings: 
 

Tap position Secondary voltage on traction winding at no load 
corresponding to 22.5 kV. 

0 0 
1 27 
2 54 
3 81 
4 108 
5 126 
6 144 
7 162 
8 180 
9 207 
10 234 
11 261 
12 288 
13 315 
14 343 
15 370 
16 397 
17 424 
18 451 
19 479 
20 505 
21 532 
22 558 
23 594 
24 630 
25 667 
26 703 
27 730 
28 757 
29 784 
30 811 
31 838 
32 865 
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2. Transformer rating 5400 kVA 
 

The no load voltage at different taps from 0 to 32 corresponding to 22.5 
kV shall be as under: 
 
Tap position Secondary voltage on traction winding at no load 

corresponding to 22.5 kV. 
0 0 
1 31 
2 62 
3 94 
4 125 
5 146 
6 166 
7 187 
8 208 
9 239 
10 271 
11 302 
12 333 
13 364 
14 397 
15 428 
16 459 
17 490 
18 521 
19 552 
20 584 
21 615 
22 645 
23 687 
24 728 
25 771 
26 813 
27 844 
28 875 
29 906 
30 938 
31 969 
32 1000 

 
The paper covered high conductivity copper conductors of various cross-sectional 

areas are selected depending upon the current in the various windings. 
 
The coils are of pancake construction and insulation angle barriers are placed 

between HV & LV windings. 
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2.3.3 Insulation 
 

Since insulation is the most important factor for the traction transformer winding, 
this requires much attention for the same. The insulation is pre-compressed pressboard, 
which does not chip or get crushed under shock loads. The entire coil assembly is 
carefully shrunk pre-determined clamping pressure and controlled heat. A further safe 
guard against any minor shrinkage in service, spring-loaded pressure pads are employed 
which exerts a steady pressure on all the windings through sturdy steel plate. As the 
space is at premium in electric locomotive, the pre-compressed intersections insulation is 
match to close tolerance to avoid coil build-ups. Insulation angle rings and angle barrier 
are place between HV and LV winding. These are of method construction which brings 
compactness and mechanical strength to the coil assembly.  

 
The insulation blocks are carefully dimensioned and positioned between the 

windings so as to ensure adequate strength to the coil and effective cooling. All the bolts 
and nuts are properly secured to prevent loosening in service. All leads are suitably 
clamped to prevent any possibility of a short circuit due to vibration. 

 
2.3.4   Transformer Tank  
 

The mild steel tank, oil conservator and cooling pipe work are fabricated to close 
tolerances to facilitate their mounting in limited space in the locomotive. In their design, 
care is exercise to keep their weight down to bare minimum but at the same time ensuring 
sufficient strength. The tank ring and cover are carefully matched to ensure oil tightness 
under the worst operating condition encountered during acceleration or retardation of the 
locomotive, which brings in additional oil pressure at the joints. The cover suspended 
transformer is provided with special screws to adjust the height of the assembly, so that 
in fully tighten position it sits evenly on the base pads. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3.5   Protection System Fittings 
 

The traction transformer has in built system of protection for maximum safety in 
service. This is achieved by a number of protective devices such as oil and airflow 
indicators in cooling circuit. The separately mounted CT in primary circuit ensures 
protection against excessive overload and short circuits. The primary side is protected 
from the voltage surges by means of arcing horns place on the roof of the locomotive. 
The auxiliary winding and associated equipments which are subjected to sudden rises in 
voltage are protected by surge condensers connected across the winding. The breather, 

 
 

Figure 2.6    TRANSFORMER TOP COVER AND TANK  
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which prevents the ingress of moisture, is also of a 
special construction. The breather has special shaped 
nozzle at the entrances to filter out the heavy particles. 

 
The transformer is provided with a condenser 

bushing/ cable head termination bushings for the 
connection to 25 kV traction supply. All other HV, LV, 
auxiliary bushings are of porcelain type and are 
mounted on the top of the tank cover. 

 
To guard against over pressure (explosion) in the 

oil tank, safety valve is fitted in the middle of the oil 
conservator. The guide tube directing the over-pressure 
from the tank to the valve serves additionally as a 
support for the oil conservator. The cover of the valve is 
pressed by means of a spring against a gasket which is 
sealing the interior of the transformer hermetically.  The 
spring is regulated in such a manner that the cover is 
opened by approx. 0.24 atm. (3, 4 psi) over pressure. 
The nut pressing spring is locked by a split pin. To 
check gasket spring gliding bush flange has to be removed. 

 
The safety valve is surrounded by an overflow chamber which can be dismantled 

easily. This chamber has an opening at the top, to avoid over pressure in case the valve is 
operating. Oil which would overflow, will be led through a discharge pipe underneath the 
locomotive body. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3.6   Cooling Arrangement 
 

To bring in desired compactness, the coolers are always of forced oil forced air 
type (OFAF). The rate of oil flow and position of inlet and outlet of the oil from the 
transformer are governed by consideration of optimum cooling. The oil pump is of gland-
less type construction and is based near the oil outlet. The oil from the coolers enters the 
transformer at the bottom and then rises to the top near the outlet. To facilitate servicing 
and replacement of major components in the cooling circuit the valve are introduced at 
the appropriate places. 

 

Figure 2.7 ISOLATING COCK 

a - Conservator 
b - Guide tube 
c - Cover 
d - Flange 
e - Pressing spring 
f - Gasket 
g - Nut 
h - Split pin 
i  - Glinding bush 
k - Overflow chamber 
l - Discharge pipe 
 

Figure 2.8   SAFETY VALVE 
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The complete cooling equipment is mounted on the cover of the transformer. It 
includes an oil cooler, an oil pumping set and the blower of the oil cooler. The 
conservator is fitted to the top of the transformer through a pipe. At the top of conservator 
a spring loaded safety valve is fitted. Above this safety valve, there is an oil overflow 
chamber with a discharge pipe which discharges the oil down underneath the locomotive 
body. The oil pump and the cooler are both connected to the conservator by a venting 
pipe. The air does not come into contact with oil in the conservator directly, and is dried 
before by means of a silica gel air dryer. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

               Figure 2.9 OIL FLOW DIAGRAM 
 

A- AIR DRYER G- FILTER VALVE 
DRAIN PLUG FOR 
TRANSFORMER 

N- PRESSURE RELIEF DEVICE 

B- OIL LEVER GAUGE H- DRAIN VALVE O- THERMOMETER POCKET 

C- TUBE FR VENTING J- MOTOR OIL PUMP P- OIL SAMPLING VALVE 

D- SCREW FOR 
VENTING 

K- OIL FLOW INDICATOR Q- VALVE FOR VENTING TUBE 

E- DRAIN PLUG L- VALVE 80Q R- OIL OVER FLOW CHAMBER 

F- FILTER VALVE 
DRAIN PLUG FOR 
TRANSFORMER 

M- VALVE 100 Q S- OIL DISCHARGE TUBE FOR ‘A’ 

 
The transformer is fitted with the following accessories: 
 

1. Oil level indicator. 

2. 2 valves for oil draining and filtering purposes. 

3. Oil sampling valve. 

4. Thermometer pocket. 

5. Terminal board for the auxiliary and signaling circuit. 
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6. Oil flow indication relay. 

7. Air flow indication relay. 

8. Connection diagram plate and a plate indicating the lifting of the active part of the 
transformer. 

9. Silicagel air dryer and safety valve. 

10. Safety valve. 
 
2.4   WORKING OF IMPORTANT COMPONENTS 

 

2.4.1   Conservator 
 

It is a drum containing transformer oil and mounted at the top of the transformer 
and connected to the main tank by a pipe. As the volume of oil of transformer tank 
expands and contracts according to heat produced, this expansion and contraction of oil 
causes the level of the oil in conservator to rise and fall. The aim of conservator is to 
 
- Maintains the oil level in tank 
- Provides space for the expansion of oil. 

 
2.4.2   Breather 
 

 
It is attached to conservator tank and contains silica gel, which prevents the moist 

air from entering into the tank during contraction of oil. When oil is hot there is 
expansion and gas passes to atmosphere through it. When oil is cooled, it contracts and 
the air enters in it. It prevents transformer oil from moisture contamination. 

 
2.4.3   Oil level Indicator 

 
It indicates level of insulating oil in the transformer 

tank. It has markings on transparent sheet for maximum & 
minimum levels. 

 
2.4.4   Inlet Valve 

 

It provides passage to pour the transformer oil in 
the tank during purification or in case of shortage found in 
the tank. 

 
2.4.5   Outlet Valve 

 
It provides passage to drain the oil during overhauling or as and when required oil 

sample for testing. 
 
2.5   FACTORS AFFECTING LIFE OF TRANSFORMER  

 
Life of transformer is affected by the following factors: 
 

1. Moisture 
2. Oxygen 
3. Solid Impurities 
4. Varnishes 
5. Slackness of winding 

Figure 2.10   VALVE 
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2.5.1   Effect of moisture on transformer life  
 
Presence of moisture in oil is highly undesirable as it affects adversely the 

dielectric properties of oil. The moisture present in oil also affects the solid insulation of 
transformer. As paper insulation is highly hygroscopic in nature, when transformer is 
filled with oil, it absorbs the moisture from oil which affects its insulation properties as 
well as reduces its life. Solubility of moisture in oil increases with increase in 
temperature and oxidation products of oil. When the oil in service oxidizes, acids are 
formed. These acids increase moisture solubility of oil. Acids coupled with moisture 
further decompose the oil forming more acids and moisture. Thus the rate of deterioration 
of oil increases.  

 
Check the colour of silicagel in each inspection and if found pink, replace or 

reactivate crystals at 150 to 200 degree C. Test transformer oil for electric strength and 
water content in IC schedule & POH and carry out purification with high vacuum type 
transformer oil filteration plant if required. Arrest the oil leakage if any. 

 
2.5.2   Effect of Oxygen 

 
Oxygen may be present inside the transformer due to air remaining in oil. The 

oxygen reacts and decomposes the cellulose of insulation. This forms an organic acid 
soluble in oil and sludge, which blocks the free circulation of the oil. The adverse effect 
of oxygen, which may be aggravated by catalytic action between hot oil and bare copper, 
increase the operating temperature.  

 
Carry out oil purification with high vacuum type transformer oil purification plant 

periodically to remove atmospheric gases (air) and sludge. 
 

2.5.3   Effect of Solid Impurities 
 
The solid impurity present in the oil reduces its dielectric strength considerably. A 

good remedy is to filter the oil periodically. 
 
2.5.4   Effect of Varnishes 

 
Some varnishes having oxidizing effect, react with transformer oil and precipitate 

sludge on windings. Synthetic varnishes having acid inhibiting properties, generally 
delay the natural formation of acid and sludge in the oil. 

 
2.5.5   Effect of slackness of winding 

 
After few months of service, the transformer coils may suffer natural setting. This 

may wear the conductor insulation at some places and lead to an inter-turn failure. The 
coils may also get displaced under load conditions or momentary short circuit conditions, 
which may result in electrical and magnetic unbalance and produce even greater 
displacement. A good practice is, therefore to lift the core and windings to take up any 
slackness present at the first major schedule. 

 
 
 
 

******
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CHAPTER 3 
 

MAINTENANCE 
 
 
 

Periodic maintenance of transformer is essential to ensure safety, reliability and 
trouble free operation of electric locomotive over a long time period. Maintenance schedules 
are given as under. 

 

Schedule Freight locomotives Pass./ Mail/ Exp. train locomotives 

TI 20 days Every 3000 Km. or one trip which 
ever is later 

IA 45 days 40 days 

IB 90 days 80 days 

IC 135 days 120 days 

AOH 18 months 12 months 

IOH 54 months or 6 lakhs kms. which 
ever is earlier 

36 months or 4 lakhs kms. which 
ever is earlier. 

POH 9 years or 12 lakhs kms. which 
ever is earlier 

6 years or 8 lakhs kms. which ever is 
earlier. 

 
3.1 SCOPE OF WORK 
 

Work to be carried out under different maintenance schedules is given as under. 
 

Sr. N. Work to be carried out IA IB IC  AOH/ IOH  

1. Check the condition of power bushings (a3, a4, a5, 
a6 & a0) visually for any flash mark or oil leakage 
and tightness. 

* * * * 

2. Any oil leakage from bushings. If leakage is there, it 
should be attended. 

- * * * 

3. Check oil level (Min. 15 deg. Mark) * * * * 

4. Check A34 and A0 bushings. * - - - 

5. Check condition of Silicagel. (Change, if 
decolourised) 

* * * * 

6. Check oil leakage from PHGR joints. * * * * 
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Sr. N. Work to be carried out IA IB IC  AOH/ IOH  

7. Check tightness and cleaning of all TFVT 
connections. 

* - * * 

8. Clean all bushing. - * * * 

9. Visual checking of RC network across a0, a1 
bushings. 

- * * * 

10. Check condition of main transformer & Aux. 
Transformer bushing for any flash mark or heating 
marks on cable socket. 

- - * * 

11. Check condition of Surge Arrestor & Capacitors. - - * * 

12. Clean Transformer bottom. - * * * 

13. Disconnect the A33, bushing for removing 
auxiliaries from transformer block. 

- - - * 

14. Check power cable of junction box on under frame. - - - * 

15. Transformer oil to be drain out for removing 
Radiator, MPH etc. for O/H. 

- - - * 

16. Check the tap changer and remove if required. - - - * 

17. Do transformer modification work if necessary. - - - * 

18. Replace transformer gasket if needed. - - - * 

19. Carry out centrifuging of transformer oil. - - - * 

20. After fitting the auxiliaries, fit the removed 
bushings. 

- - - * 

21. Do dissolved gas analysis (DGA) - - * * 

 
Note : ‘*’ stands for ‘to attend’ . 

 
3.2 TESTS 

 
Following common tests to be carried out in the transformer either in case of failure 

or during overhauling. 
 

1. Insulation resistance test. 

2. Continuity test 

3. Winding resistance test 

4. Ratio test 
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3.2.1 Meggering 
 

Check the insulation resistance of windings. It should be minimum 100 M ohms.  
 

� Primary to earth by 2.5 kV megger.  

� Secondary to earth by 1000V megger.  

� Primary to secondary by 1000 V megger.  

� Primary to Aux. by 1000V megger.  

� Aux. to earth by 1000V megger.  

� Secondary to Aux. by 1000 V megger.  

     
3.2.2    Continuity Test  

 
Check the continuity of the following windings with the multimeter: 
 
� Primary winding across A0 – A33 

� Secondary windings across a3 –a4, a5 – a6 

� Auxiliary winding across a0 – a1 

 
3.2.3  Winding Resistance Test 
 

RESISTANCE VALUE SN WINDING 

HETT 3900 HETT 5400 AC 

1 A0 – A33 0.843 – 1.243 0.698 – 1.116 

2 A0 – A34 0.430 – 0.598 0.241 – 0.320 

3 a3 – a4 0.0015- 0.0025 0.0015- 0.0025 

4 a5 – a6 0.0015- 0.0025 0.0015- 0.0025 

5 a0 – a1 0.0025- 0.004 0.0025- 0.004 

 
3.2.4  Ratio Test   
 

Apply 230V a.c. supply to the primary winding of the transformer across A0 – A33 
and keep tap changer at 32 notch and check the voltage appearing at the following 
terminals. 

 
 A. For HETT 3900 transformer 

            a.   Voltage across a-0 – a-1                   3.98 Volts (Calculated)      

                   b. Voltage across a3 – a4 & a5 – a6  8.90 volts.       
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 c.   At all notches as under:  
                          

Notch Std. Act. Notch Std. Act. Notch Std. Act. Notch Std. Act. 

1 0.25  9 2.1  17 4.32  25 6.75  

2 0.53  10 2.37  18 4.60  26 7.18  

3 0.81  11 2.65  19 4.85  27 7.45  

4 1.08  12 2.93  20 5.15  28 7.68  

5 1.27  13 3.20  21 5.42  29 7.80  

6 1.46  14 3.47  22 5.71  30 8.25  

7 1.63  15 3.74  23 6.05  31 8.55  

8 1.81  16 4.02  24 6.45  32 8.90  

 
B. For HETT 5400 AC transformer 

            a.   Voltage across a-0 – a-1                   3.98 Volts (Calculated)      

                   b. Voltage across a3 – a4 & a5 – a6  9.60 volts.       
 

c.   At all notches as under:  
                          

Notch Std. Act. Notch Std. Act. Notch Std. Act. Notch Std. Act. 

1 0.28  9 2.28  17 4.75  25 7.50  

2 0.58  10 2.60  18 5.10  26 7.75  

3 0.88  11 2.80  19 5.45  27 8.20  

4 1.25  12 3.20  20 5.65  28 8.45  

5 1.38  13 3.50  21 5.95  29 8.75  

6 1.60  14 3.75  22 6.25  30 9.10  

7 1.78  15 4.15  23 6.65  31 9.30  

8 2.00  16 4.45  24 7.10  32 9.60  

 
 
3.3 TRANSFORMER OIL TESTING 
 

As per RDSO SMI No.RDSO/ELRS/SMI/158 dtd. 19.01.95, following tests to be carried 
out on the transformer oil during POH. 
 
i. Draw a sample of the oil from the transformer as per the method given in IS: 6855-

1973 or IS: 9434-1979 depending upon the characteristics to be evaluated. The 
quantity of oil drawn should be 4 litres instead of 2 litres prescribed in these 
standards. 
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ii. Check the oil characteristics for tests given in table given below. 
 

Sr. 
No 

Tests Test 
methods 

Permissible 
limits 

Requirement of new 
filtered oil 

1. Visual inspection As per IS 
12463-1988 

--- The oil shall be clear & 
transparent and free 
from suspended matter 
or sediments. 

2. Dissolved gas 
analysis 

SMI-138 As per SMI-138 --- 

3. Electrical strength 
(break down voltage) 

IS:6792-72 30 kV (rms) 
(min.) 

60 kV (rms) 

4. Water content (PPM) IS:335-1983 35 PPM (Max.) 25 PPM (Max.) 
5. Specific resistance at 

90 degree C (Ohm-cm) 
IS: 6103-71 0.1 x 1012 ohm-

cm (Min.) 
35 x 1012 ohm-cm (Min.) 

6. Dielectric dissipation 
factor (Tan Delta) at 
90 degree C. 

IS: 6262-71 1.0 (Max.) 0.002 (Max.) 

7. Total acidity IS:1448-67 0.5 mg KOH/gm. 
(Max.) 

0.08mg.KOH/ gm. 

8. Sediments and 
perceptible sludge 

IS:1866-88 
Appendix-A 

0.05% by wt. No sediment or 
perceptible sludge shall 
be detected. 

9. Flash point IS: 1448-1970 125 deg. C (Min.) 100 deg. C (Min.) 
10 Interfacial tension at 

27 degree C 
IS: 6104-71 0.018 N/m (Min.) 0.04 N/m (Min.) 

11 Oxidation Inhibitor IS: 335-1983 
Appendix ‘D’ 

0.3% by mass  
(Max.) 

0.3% by mass  (Max.) 

 
Compare the results with the result recorded earlier on the same oil. Any abrupt 
change in the value of the parameters is indicative of the unhealthiness of the 
transformer. The transformer should be opened for detailed internal inspection for 
any incipient fault. However, if the flash point falls by 15 degree C from its initial 
value, replace the oil with new filtered oil without opening the transformer. 
 

iii. If the colour of the oil has became dark brown, which is indicative of presence of 
dissolved copper, change the oil with new filtered oil meeting characteristics given 
in Annexure I of SMI 158. 

 
iv. For interpretation of results of dissolved gas analysis, follow the instructions given 

in RDSO SMI No. 138. 
 
v. If either of the parameters i.e. flash point, interfacial tension, specific resistance, 

total acidity and dielectric dissipation factor are beyond the permissible limits, 
replace the oil with new filtered oil. 

 
vi. Measure and record the inhibitor content in the oil, if inhibited. 

 
 

******
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CHAPTER 4 

 
 

PURIFICATION OF TRANSFORMER OIL 
 
 
 
 

The object of oil purification is to remove all contaminants such as water, carbon 
deposits, dirt, sludge, dissolved moisture and gases. The most important quality to be 
preserved is the di-electric strength, which is affected by the presence of moisture. 

 
The insulating materials used in the winding are hygroscopic by nature and therefore 

moisture is absorbed through defective breathers, gaskets and addition of untreated make up 
oil. It is essential to remove these impurities by purifying the oil when the dielectric strength 
goes below the permissible limits. 

 
The purification plant should be capable of removing dissolved air/ moisture in the 

form of free and finely dispersed water vapour and moisture in solution, sludge and fibers, 
gases, carbonaceous products formed due to arcing and drum scale or any other solid particles 
from insulating oil.  

 
The plant should be capable of purifying the rated capacity of transformer oil to the 

following parameters in maximum three phases. 
 
a.  Suspended impurities  –  maximum 1 micron particle size. 

b.  Water content              –  from 100 ppm to less than 5 ppm 

c.  Gas removal                 –  from fully saturated i.e. 10 to 12% by volume with  
air/gas down to less than 0.25% 

d.  Acidity correction       –  with addition of clay filters the neutralization  
index should go down from 0.5 to 0.05 mg KOH/ gm  
of oil. 

e.  Dielectric strength      –  Minimum 60 kV 

f.  Dissipation factor of oil/  

    tan delta at 90°C   –  0.002 
 
 

The switching ON & OFF of the heater groups should be thermostatically controlled 
so that the temperature of the oil during treatment is not be permitted to rise above 60°C. 
Operating vacuum should be better than 1 torr. 

 
Filtration of EHV grade oil to be carried out at a vacuum level of 98% at a temperature 

of 60 degree C and of inhibited oil at a pressure of 0.15 torcillie at a temperature of 60 degree 
C, provided the specific resistance is within limits. Filtration should continue till such time the 
oil is completely dried. Check the filtered oil sample for electrical strength and water content 
and if these parameters are within the limits, the oil is fit for use and if not, repeat filtration till 
electric strength and water content are within limits. 
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4.1 INSULATION RESISTANCE DURING DRYING OUT 
 
Readings of temperature and insulation resistance should be recorded every two 

hours, from commencement until the full operation is completed. If these readings are 
plotted on a graph, the appearance will be as shown in fig 4.1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It is observed that there are four distinct stages: 
 

A. Initially the insulation resistance drops down to a low value because of rise in 
temperature of the oil up to about 60 degree C. 

 
B. Insulation resistance will continue to remain at a low level despite temperature 

being maintained at a high level until most of the moisture from the windings and 
oil has been driven out. 

 
C. The insulation resistance will thereafter rise gradually and level off, indicating that 

all moisture has been driven out and the drying out operation has been completed. 
At this point oil circulation should be discontinued. 

 
D. As the oil cools off, the insulation resistance will rise much above the leveling off 

point at the end stage (C). This is because the insulation resistance value doubles 
for a fall in temperature of about 10°C to 15°C. 

 
 
 
 

*****  
 

 

Figure 4.1  INSULATION RESISTANCE GRAPH 
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CHAPTER 5 
 

CONDITION MONITORING OF TRANSFORMER BY 
DISSOLVED GAS ANALYSIS 

 
 
 
5.1 INTRODUCTION 
 

In order to detect incipient faults in the transformer and to arrest deterioration/ 
damage to the transformer insulation, gases dissolved in the transformer oil are detected, 
analysed and preventive measures adopted. 

 

Gas Chromatography method is used for detection of the dissolved gases and 
identification of incipient faults. The most significant gases generated by decomposition 
of oil and deterioration of paper insulation on the conductor are hydrogen, methane, 
ethane, ethylene and acetylene. The quantities of these gases dissolved in transformer oil 
vary depending upon the type and severity of the fault conditions. 

 
5.2   SENSITIVITY LIMITS 
 

Gas Chromatography apparatus should be able to detect the following minimum 
concentration of dissolved gases: 

 

Hydrogen : 5 ppm 
Hydrocarbon : 1 ppm 
Carbon oxides: 25 ppm 
 

5.3   ESTABLISHMENT OF REFERENCE VALUES/ BENCH MARK S 
 

To establish a reference value/ bench mark, gas as generated from initial sample 
of oil from each healthy transformer should be collected. Results of the analysis are taken 
as a reference value/ benchmark. Results of later periodic analysis are compared with the 
benchmark for each transformer. 

 
5.4   ESTABLISHMENT OF NORMS 
 

The contents of various dissolved gases in the transformer oil vary with design 
and operating conditions. It is desirable that the values of concentration of gases of 
healthy transformers of different age groups are to be gathered by the Railways 
concerned to evolve suitable norms. However, as a starting point, the permissible 
concentrations of dissolved gases in the oil of a healthy transformer are given below as 
guidelines: 

 

Gas Less than 4 years 
in service (ppm) 

4-10 years in 
service (ppm) 

More than 10 years in 
service (ppm) 

Hydrogen (H2) 100/150 200/300 200/300 

Methane (CH4) 50/70 100/150 200/300 

Acetylene (C2 H2) 20/30 30/50 100/150 

Ethylene (C2 H4) 100/150 150/200 200/400 

Ethane (C2 H6) 30/50 100/150 800/1000 

Carbon dioxide (CO2) 3000/3500 4000/5000 9000/12000 
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5.5   DIAGNOSIS OF FAULT 
 

Basic Diagnosis of DGA is based upon the quantities of gases generated. Types of 
gases in excess of norms produced by oil decomposition/ cellulosic material depend upon 
the hot spot temperature produced by faults. 

 

Characteristics of gases associated with various faults are as under: 
 

Methane (CH4) Low temperature hot spot 

Ethane (C2 H6) High temperature hot spot 

Ethylene (C2 H4) Strong over heating 

Acetylene (C2 H2) Arcing 

Hydrogen (H2) Partial discharge 

Carbon dioxide (CO2) 

Carbon monoxide (CO) 

Thermal decomposition of paper insulation 

 
5.6   WORD OF CAUTION 
 

To start with the diagnosis, it is necessary to be satisfied that measured gas 
concentrations are significant and high enough to warrant diagnosis, because some 
amount of gases will always be there due to normal operating conditions without any 
fault but it can be sufficient to be misleading. The reasons for the situation are: 

 

� Gases formed during the refining processes and not completely removed by oil 
degassing. 

� Gases formed during drying and impregnating the transformer in sheds/ workshops. 

� Gases formed in the event of previous faults and not completely removed from the 
oil-impregnated insulation before being refilled with degassed oil. 

� Gases formed during repairs by brazing, welding, etc. 
 
5.7 PROCEDURE FOR FAULT DIAGNOSIS 
 

� Obtain the results of concentration of various gases in terms of microlitre (ppm). 

� Compare the concentrations with sensitivity limits. These should be at least ten times 
the sensitivity. 

� If it exceeds sensitivity limits, compare with benchmarks. 

� If it exceeds benchmarks, compare concentrations with norms depending upon age 
and design of transformer. 

� If one or more gases are above norms, compare with the last sample results; if 
increase is sufficient, obtain a check sample. 

� If the check sample confirms the results, calculate the rate of increase of gas. If rate 
of increase is more than 10% per month, it is considered rapid and warrants 
immediate further investigations including lifting of core and internal inspection. 

� If the gas production rate is medium, i.e., less than 10% per month, sampling 
frequency to be increased from quarterly to monthly. 

Take a planned shut down for further investigation. 
 

*****  
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6. MODEL QUESTIONS 
 

A Objective 
 

1. Before starting work on faulty circuit it should be ensured that  

a. The faulty circuit has been isolated from power supply and earthed. 

b. The worker is capable to do the work. 

c. The connections are not approachable. 

d. None of the above. 
 

2. One can protect himself from electric shock by wearing hand gloves of good. 

a. Conducting material  

b. Insulating material 

c. Semiconductor material  

d. Any of the above. 
 

3. Which of the following are safety precautions? 

a. Don’t touch live wire or equipment with bare hands. 

d. Before switching on DJ, see no one is working inside loco. 

c. Use insulated melting and hand gloves. 

d. All of the above. 
 
4. Which material is recommended as fire extinguisher in electrical cases? 

a. Carbon tetra chloride 

b. Carbon dioxide 

c. Sulphur hexafluoride  

d. Any of the above. 
 
5. The BDV of transformer oil should be 

a. 20kV 

b. 30kV 

c. 40kV 

d. 50kV 
 
6. The colour of moisturized silica gel is 

a. Pink 

b. Blue 

c. Yellow 

d. Green 
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7. The material filled in breather of transformer is  

a. Silicagel 

b. Sulphuric acid 

c. SF6 

d. Mineral oil 
 

8. The protective device to internal fault in a transformer is  

a. Thermal relay 

b. Bucholz 

c .Lead 

d. Silicon steel 
 

10. Which of the following is not the function of transformer oil 

a. Cooling of winding and core. 

b. Providing additional insulation 

c. Media for are quenching 

d. Provides inducting coupling 
 

11. Transformer oil should be free from 

a. Odour 

b. Gases 

c. Temperature 

d. Moisture 
 

12. The short circuit test of a transformer gives 

a. Copper loss at fuse load 

b. Copper loss at half load 

c. Iron loss at any load. 

d. Sum of iron loss and copper loss. 
 

13. The type of oil, which is suitable as transformer oil is 

a. Crude oil  

b. Organic oil 

c. Mineral oil 

d. Animal oil 
 
14. Transformer is an example of 

a. Current transformer 

b. Potential transformer 

c. Auto transformer 

d. Distribution transformer 
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15. The colour of fresh transformer oil is 

a. Pale yellow 

b. Dark brown 

c. Blue 

d. Colourless 
 

16. The purpose of conservator tank in a transformer is to 

a. Monitor oil level 

b. Top up the oil 

c. Both a & b above 

d. None of the above. 
 

B. Fill in the blanks 
 

1. Transformer is a ………….device 

2. Loco transformer has…………….windings 

3. Loco transformer has………………..tappings 

4. Required variable voltage is achieved by the use of ……….alonwith…………. 

5. An emf induced in a coil due to variation of flux in another coil is called…… 

6. The coils of a transformer are wound on a …………core of ………….material 

7. The conductors used in HV and LV windings of loco transformer are………… 

8. The primary side is protected from the voltage surges by means of 
………….placed on the roof of the locomotive. 

9. The auxiliary winding is protected from sudden rises in voltage by means of 
………………connected across the winding. 

10. Ingress of moisture is prevented by means of ……………. 

11. The complete cooling arrangement includes……….., ………..and………….. 

12. The oil pump and the cooler are connected to the conservator 
by………………… 

13. The breather is attached to ………………and contains…………… 

14. Pink colour of silica gel indicates…………….. 

15. The colour of transformer oil become dark brown, it indicates presence of  
…… …… 

16. Operating vacuum of transformer oil purification plant shoul be …………. 

17. DGA stands for ………………….. 
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C. Say ‘True’ or ‘False’ 
 

1. Transformer transforms power from one AC circuit to another AC circuit, at 
same frequency. 

 
2. Transformer can raise or lower the voltage. 
 
3. Transformer can raise or lower the frequency. 
 
4. Two circuits in a transformer linked by a common magnetic flux through a 

path of low reluctance. 
 
5. In case of step up transformer, the transformation ratio will be more than one. 
 
6. Constructional features of a loco transformer are more or less same other 

power transformer. 
 
7. 25 kV condenser/ cable head bushing is mounted on the top of the tank cover. 
 
8. The cooling arrangement of the loco transformer is force oil forced air type. 
 
9. The complete cooling equipment is mounted on the cover of the loco 

transformer. 
 
10. A spring-loaded safety valve is fitted to the top of the conservator. 
 
11. Presence of moisture in transformer oil is highly desirable. 
 
12. The oxygen present in transformer reacts with insulation and forms an organic 

acid. 
 
13. The solid impurities present in insulation oil strengthen its dielectric strength as 

well as insulation of windings. 
 
14. The slackness of winding is desirable factor to create electrical and magnetic 

unbalance of the coils. 
 
15. Meggering is done to check the insulation resistance of the windings. 
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D. Descriptive 
 

1. Compare tap changing on the HT and LT side of the transformer ? 
 
2. Explain what special precautions are taken in the transformer to avoid burning 

of contacts ? 
 
3. Explain with sketch the construction of main transformer ? 
 
4. What is the function of auxiliary winding in the transformer ? 
 
5. Describe the factors, which affect life of transformer ? 
 
6. Describe purification of transformer oil ? 

 
 

E. Subjective 
 

1. How loco transformer differs with conventional transformer ? 
 
2. List out the major components of a loco transformer ? 
 
3. Narrate the protection system of loco transformer ? 
 
4. Describe cooling arrangement of loco transformer ? 
 
5. Briefly describe the working of conservator and safety valve ? 
 
6. Briefly describe DGA for loco transformer ? 

 
 
 
 

***** 



CAMTECH/2006/E/TPT/1.0 

Training Package on Transformer of AC Electric Locomotive             January, 2006 

33 

 
 

REFERENCES 
 
 

1. BHEL Maintenance Manual Volume – III – 1993 of 25 kV, 50C/S AC Freight Electric 
Locomotive Broad Gauge CO-CO Type WAG5 HB Class. 

 
2. CLW Maintenance Manual Volume – III – 1993 of 25 kV, 50C/S AC Freight Electric 

Locomotive Broad Gauge CO-CO Type WAG 5 Class. 
 
3. Specification no. CLW/ES/T-12 Alt - P for 3900 kVA transformer for 25 kV AC Electric 

Locomotive. 
 
4. Specification no. CLW/ES/T-22 for 5400 kVA transformer for 25 kV AC Electric 

Locomotive. 
 
 
5. Field study and literature collected from various AC Electric loco sheds/ workshops and 

manufacturers. 



CAMTECH/2006/E/TPT/1.0 

Training Package on Transformer of AC Electric Locomotive             January, 2006 

34 

 
 

����    NOTES     
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