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CHAPTER - 1
TRANSFORMERS – OPERATING PRINCIPLES, CONSTRUCTION
DETAILS/PARTS
INTRODUCTION:
Generation normally takes place at comparatively low voltages i.e. up to a maximum of 28kV.
However, as power plants located at pit heads are generally far away from load centres, the generated
power needs to be transmitted. Transmission of power over a long distance at the voltages of generation
has several disadvantages like
a)

Transmission of power at lower voltages will result in the drawl of higher current compared to
transmitting the same power at higher voltages.

b)

This results in higher losses as losses are proportional to I2.

c)

Requires conductor of larger diameter and weight, increasing tower Weights and line cost

d)

There will be larger voltage drop in view of higher currents.
Hence, power is transmitted at higher voltages to load centres by stepping up the voltage of

generation. The transmitted power cannot be used directly at load centres, as it is at a higher voltage.
Most of the consumer services are at LT level i.e. 400 or 415 V (phase to phase) or 230 or 240 V (phase
to neutral).Hence there is a need to step down the voltage in different stages, before it reaches the
consumers.
This stepping up and stepping down of voltages keeping the transmitted power the same, except
for little losses, is carried out by an equipment called transformer.

What is a transformer?
It is equipment which converts supply at one AC voltage rating into supply at another voltage
rating, without changing the total apparent power in kVA and without changing the frequency of the
system.
Michael Farade is the father of transformer and his law of magnetic induction led to the discovery
of transformer. The law says: "EMF is induced in a closed conducting circuit when the magnetic flux
linked with that circuit changes with time and EMF is proportional to the rate of change of the magnetic
flux.
5

The basic principle: Transformer comprises a closed magnetic circuit called core. Two or more
windings are placed on the core as per design criteria. The operating frequency in our country is 50C/S.
Core provides a higher permeability path to the magnetic circuit besides supporting the winding. When
50 C/S supply is given to a winding called primary winding, it sets up an alternating magnetic flux of 50
C/S in the core. As the core provides high permeability path and as the second winding is provided on the
same core, the magnetic flux linked with the secondary winding also alternates at the same frequency of
50 C/S. This alternating flux there sets up an EMF in the secondary winding as per the Faraday's law.
The EMF induced in the secondary winding is at the same frequency as that of magnetic flux and primary
current. However, its direction is opposite to the applied voltage. If a load is connected to the secondary
winding, the EMF drives a current.

The change in the voltage is accomplished by the difference in the number of turns in the primary
and secondary windings. The induced EMF has the same voltage per turn as the primary winding (when
secondary is without any electrical load).

If N1 and N2 are number of turns in primary and secondary winding, then when secondary is not connected
to any electrical load, N 1/ N2 = V1/V2(V1and V2 are voltages in primary and secondary winding. When
corresponding currents are I1 and I2, as transferred apparent power is the same)
kVA

=

=
=

I1 V1= I2 V2
V1/ V2= I2/ I1 =I2/ I1
V1/ V2=I2/ I1 = N1/ N2

Under ideal conditions, primary ampere turns are equal to the secondary ampere turns.
I1N1= I2N2
The transformer can be used only in Alternate Current (AC) system but not in Direct Current (DC)
system.

When DC supply of the same voltage is applied to the transformer, a very high current will pass
in it, as in the DC system there won't have reactance and the resistance is too small. Unless there is a
protective system, the transformer will fail in a quick time due to the over current.
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The specific advantages of transformer:
a)

It is stationary equipment without any internal rotating parts. Hence O & Mcost would be less.

b)

The stationary nature facilitates high voltage insulation and thus stepping up and stepping down
of voltages.

c)

Its operational efficiency is very high (

up to 95%

for distribution and 99% for EHT

transformers)
d)

Besides facilitating power supply at different voltages of utilization, it can be used in metering
and protection systems of the network. It can also be used for earthing of the neutral of a power
transformer.

e)

Transformer is the most important and relatively a more costly equipment in distribution or subtransmission. It is virtually a work horse.

Types of Transformers:
Main classification based on application:
Power transformer

- Transfer of power

Distribution Transformer - Transfer of power
Instrument Transformer - Measurement and protection
Earthing Transformer
Rectifier Transformer

- Earthing
- For providing controlled supply
suitable to process.

Further classification of Power/Distribution transformer By Construction
(a)

As per core

(b)

As per phases

(c)

As per number of windings-

(d)

As per voltage ratio

(e)

As per Insulation

-

(a)

Core type

(b) Shell type

(a)

Single phase

(b) 3 Phase

(a)

Single winding (b) Two winding

(c)

Three winding

-

Step up, Step down
(a) Dry type,
(b) Oil immersed
(c) Gas filled

A transformer basically consists of:7

(I)

A magnetic core forming magnetic circuit

(II)

Windings forming electrical circuits and

(III)

Insulation, comprising of transformer oil & solid insulation consisting of paper, press

board, wood etc.

Fig: Distribution Transformer

Magnetic Core:
The transformer core is a closed magnetic circuit made up of thin laminations of special electrical
sheet steel (CRGO). The main magnetic flux passes through the core. The function of the transformer
core is to provide a high permeability path to the magnetic circuit and to support the transformer
windings. Core laminations are kept very thin (0.27mm). The laminations are annealed in furnaces for
stress releasing, at a temperature in the range of 730 0 C. The laminations are passed through air blast
cooling section, where the temperature of laminations is reduced from about 500 0 C to about 500 C. and
coated with insulation/ varnish (carlite coating) to reduce Eddy currents and there by eddy current losses.
Vertical members are called limbs and horizontal ones as Yokes.

CRGO electrical steel with silicon content of approximately 3% is used for the core, the magnetic
circuit of a transformer. Characteristics of a good core sheet steel are:


Maximum magnetic induction to obtain a higher induction amplitude in an alternating field



Minimum specific core loss and low excitation current



Low magnetostriction for low noise level
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Good mechanical processing properties. Maximum magnetic properties are obtained in the
direction of rolling. Core loss increases substantially in other directions

Noise is generated in the core due to magnetostriction of laminations in the alternating field
causing the core to vibrate and cause noise.

Magnetostriction is change in configuration of a

magnetisable body in a magnetic field which leads to periodical changes in the length of the body in an
alternating magnetic field.

Magnetostriction is minimum in the rolling direction and maximum in

perpendicular direction.

Design and type of core depends on the rating of a transformer, its performance, technical
particulars, operational conditions and transport limitations. Normally three phases are accommodated in
a single core frame.

If three phase ratings are high and if it is difficult to transport, then we go for 3 single phase
transformer units to form a 3 phase transformer bank opearated through switching operations.

Ideal shape for a core section is circle since wastage of space is minimum. A perfectly circular
core involves making each lamination of different dimensions which is very uneconomical. Stepped core
is made by laminations of varying width and packet heights and assembled to approximate a circle where
the cross section of the core is large, oil ducts are provided for cooling the core, to limit hot spot
temperature rise.

Core loss can be broadly split into (a) Loss due to magnetic flux flow along the direction of grain
orientation, (b) Flux flow in cross grain direction occurring at the jointing of limbs with yokes. Most
commonly used corner joints are (i) Interleaved, (ii) Mitred.

Interleaved joints are simple and cheaper. In this case, magnetic flux leave/enter the laminations
in perpendicular direction to the grains. Core losses in this direction are higher. This type of jointing is
used for small rating transformers, where the total core loss is very small.

9

Fig: Three phased three limbed core interleaved joints
Mitred joints: When the jointing of laminations is done at 450 - Cross losses in this type of joint is
minimum as the magnetic flux leaving or entering the joint finds a smooth path to its flow. It is costlier
due to labour involved for preparing corner edges. Laminations of cores are assembled in a horizontal
position on special platforms.

Core Type and Shell Type Constructions
There are two types of configurations of the core
(1)Core type and (2) Shell type.

The choice of the type of construction depends upon the design and manufacturing practices.The
core type magnetic circuit has three or five limbs placed vertically. Two horizontal yokes, one at the top
and the other at the bottom, close the magnetic circuit.
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In the core type construction, the windings encircle the core and in the shell type construction, the
core encircles the windings. The yoke has two branches and the magnetic flux leaving the limb branches
into two parts while entering the yoke. Core type transformers are easy to manufacture. The HV and LV
winding coils are manufactured independently and are then inserted on the limbs. The windings are spiral
or helical and are placed concentrically over the limbs.

In Shell type construction, the LV and HV windings are flat and Pan-cake type. Shell type core
has minimum cutting of leakage flux. In shell type transformers, the cross-section of the limb is twice that
of the yoke. The manufacturing process of shell type core is slower and costlier than that of a core type.

The core type construction is commonly used in India and Europe for small and large
transformers. The shell type construction is preferred for small single
Phase transformers all over the World. However, it is preferred in U.S.A. for large transformers also.


In 2-Limb construction, windings are placed on both the limbs.



In 3-Limb single phase construction, single phase windings are placed on the central limb only.

Losses in the core:
a)

Hysteresis losses and b) Eddy current losses
The hysteresis loss occurs continuously in the core of a transformer because the core is subjected

to alternating magnetic flux of 50 Hz. This loss is reduced by using better grade CRGO steel sheets.


HIB-0.27

Reduction by 16%



HIB-0.23

Reduction by 24%



Laser Grade ZD MH-0.23

Reduction by 38%



M4 Type

Reduction by 30%



M5

Reduction by 60%

When alternating magnetic flux flows through the iron core, small emf. is induced in the
magnetic material itself due to changes in its own flux linkage. The emf.induced causes circulating
currents in the metal. Such currents are called Eddy currents, which when flowing through the metal,
cause I2R loss in metal which appear as heat. Such losses are called Eddy Current Losses.

Methods for minimizing Eddy Current Losses:
a)

Laminated Core using thin sheets
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b)

Insulation of lamination

c)

Use of material of high electrical resistivity-

d)

Use of Mitred joint

e)

Reducing air gap-

f)

Continuous transposition of winding conductor.

g)

By reducing thickness't' of laminations,

The eddy current loss is proportional to square of't'(thickness of the laminations). By using
amorphous metal of thickness 0.03mm, the core losses are reduced to 30% from 100%.

The effect of certain parameters on losses when % reactance is kept constant:

With increased

Increased

Increased

core dia

flux density

leg member

Copper weight

Decrease

Decrease

Increase

Copper losses

Decrease

Decrease

Increase

Core weight

Increase

Decrease

Decrease

Core losses

Increase

Increase

Decrease

Parameter

With Increased core dia or increased flux density, the voltage/ turn increases whereby number of
turns will come down, thereby total copper weight and copper losses will get reduced.

Windings:
Windings are normally cylindrical in shape, since circular coils offer great resistance to the radial
component of electromagnetic forces. Windings of different types are used depending on their rating. HV
and LV coils are placed concentrically with HV winding on the outside.

Distributed cross over winding: Suitable for currents up to 20 A. Wires of circular cross section are
wound in number of coils. The coils are joined in series, with gaps in between coils provided with
blocks, which act as insulation and form ducts for cooling. These are used normally for HV windings in
distribution transformers.
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Spiral winding: These are used for low current ratings and up to 33 kV. Strip conductors are wound in
the axial direction without any radial ducts between turns. These are wound on a bakelite, or press board
cylinder.

Conductors are normally wound on flat side, sometimes they are wound on edge side. They are
also wound in single layer or multi-layers. In multi-layer coils, oil duct separates two layers.
Helical winding : Used for low voltage and large current rating. Each turn consists of number of
conductors in parallel. Turns are wound in helical with a duct between two adjacent turns. The coils can
be wound single layer or multilayer where the number of turns is more.

Conductors within a coil do not have the same length. The flux cutting the conductor is different
and so the impedance of the conductors, resulting in eddy losses due to currents circulating between the
conductors. Conductors in a helical winding are transposed to maintain total length of conductors same,
thereby reduce the eddy losses.
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Continuous Disc Winding: It is used for voltages up to 132 kV and medium current ratings. The coil is
made up of number of sections with ducts between them. Each section has a flat coil having more than
one turn. The sections are connected in series without any joints between them. Each turn may comprise
one or more conductors in parallel. The coils are self supporting.

For voltages above 145 kV, the strength of the winding for impulse voltage is however not
adequate. Interleaving of turns is done to improve the strength.

Interleaved Disc Winding:
In this type two adjacent conductors belong to two different turns. We should have

2n

conductors for winding where 'n' is the number of conductors in parallel. Interleaving of discs improves
behaviour against impulse voltage.

Transposition:
Transposition of conductors in a winding is essential to equalize their lengths and there by their
impedances so that there is no circulating current among them, increasing the eddy current losses.
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A few important parameters governing the design and operation of a transformer are
discussed below:
1.

Operating flux density: Normally flux density is chosen near knee point of magnetization curve
with sufficient margin to take care of voltage and frequency excursions. Noise level of the
transformer also has a bearing on flux density. A good CRGO core can have an operating flux
density of 1.6 to 1.7tesla for sub-transmission power transformers, 1.9 tesla for EHV transformer
and 1.4 for distribution transformer as CRGO has a saturation density of above 2 Tesla.
Amorphous metal has saturation density at 1.56 tesla and as such, the distribution transformers
are designed for 1.4 tesla. Increase of flux density will improve voltage/ turn, thereby reducing
number of turns and copper losses. But it will increase no load losses

2.

Percentage Impedance Impedance voltage at rated current is defined as voltage applied to the
line terminals of a winding at normal tap, required to supply rated current at the terminals in that
winding keeping the terminals of the other winding under short circuit conditions.It is normally

expressed as a % of the rated voltage of the winding to which the voltage is applied to obtain
rated current.


Impedance of a transformer is the voltage drop on full load due to the resistance and leakage
reactance It is also the % of the primary terminal voltage required to circulate full load current
under short circuit conditions of the secondary.



% Impedance is measured by short circuit test



With one winding shorted, voltage at rated frequency is applied to the other winding raising it to a
value sufficient to circulate rated current. That voltage is called impedance voltage.
% Impedance = %Z = Impedance voltage x 100
Rated voltage
% Impedance is important as it
a)

Indicates the voltage drop that occurs under full load conditions

b)

Affects the load sharing between two transformers when they operate in parallel

c)

It determines the maximum fault current that will flow under a short circuit
condition. Higher the % impedance, lower short circuit current flows through the
transformer, thereby there would be less of short circuit stress ( proportional to
ISC)2and hence it would be safer.
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d)

The impedance voltage will determine the losses in the transformer, regulation,
efficiency. Higher the impedance voltage, higher shall be the regulation and losses
and efficiency will be lower
Normal % impedance values:
Distribution Transformer= 4 to 5%
Power transformer at132/ 33kV level6.5% to 14
It would be economical if the impedance matches the drop due to leakage flux.

3.

Vector group and Polarity: When induced voltages of primary and secondary windings are
same direction, the polarity of the two windings is same. This is called subtractive polarity.
When the induced emfs are in opposite direction, the polarity is called additive. By different
combinations of internal connections of windings and connection to terminals, different polarities
can be obtained.

Vector group or connection symbol of a transformer denotes the method of connection of primary
and secondary windings and the phase angle divergence of secondary with respect to primary. It is
indicated in a short form, say ' Dy11'

First letter is a capital letter indicating the method of connection of primary and second letter, a
small letter, indicates that of secondary. Number indicates the phase angle difference of secondary with
respect to the primary in terms of clock positions.

Dy11: in this 'D' indicates that transformer primary is Delta connected and 'y' indicates that the secondary
is star connected. Number 11 indicates that secondary is at 11-'o Clock position with reference to the
primary.
Transformers having similar phase angle between primary and secondary are grouped together as
given below:
Group-I

Group-II

Group-III

Group-IV

Yy0

Yy6 (180°)

Yy1(-30°)

Yy11(+30°)

Ddo

Ddo (180°)

Dd1(-30°)

Dd11(+30°)

Dzo

Dzo (180°)

Dz 1(-30°)

Dzo11(+30°)

Vector group is one of the factors to be considered for operating transformers in parallel.
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For three phase transformers testing of polarity is done by exciting the windings from a 3 phase
supply and taking more voltage measurements.

Primary and secondary windings on any one limb have induced emfs that are in time phase.
Different combination of internal connections and connection to terminals produce different phase
divergence of secondary voltage.

(4) Tap changers: These are devices for changing the voltage of a transformer. This is necessary to
maintain bus voltages on the secondary side at reasonable levels. The voltage change is obtained by
changing number of turns in the primary and secondary windings. Two types of tap changers are
available.

Off Circuit Tap Changer: This is cheaper. Tap changing is effected when the transformer is off.

It

generally comprises
i.

Operating crank outside the transformer.

ii.

Tap position indicator with corresponding voltages

iii.

Insulating shaft with moving contacts. Fixed contacts are provided on the terminal.

iv.

Mechanical locks to prevent unauthorized operation

v.

An electromagnetic latch switches to prevent inadvertent operation.

Off circuit tap changers are used where tap changing is done once in a way as in the case of a
Distribution transformer and in some cases for Generator Transformers. However, after each tap change,
the transformer has to be tested with suitable megger and resistance meter for proper continuity at the new
tap. Operating off load tap changer when transformer is in service will lead to extensive damage.
However an electromagnetic latch switch is provided to prevent inadvertent operation.

Cooling Arrangements:
Oil serves two purpose (1) Insulation and (2) Cooling of winding.
Controlling the temperature inside the transformer is necessary to ensure longer life due to less
thermal degradation of the insulation. The heat generated in the transformer is transmitted to atmosphere
through oil.

Different types of cooling are available.
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ONAN Type: Oil Natural and Air Natural. Heat is transferred from windings and core to the oil. The
hot oil is circulated in radiators by natural means letting off the heat to atmosphere

ONAF Type: Oil Natural, Air Forced. Here air is blown on to the cooling surfaces through fans after oil
attains certain temperature. Forced air takes away heat at a faster rate. Hence better cooling rate is
achieved; compared to cooling through natural air;
Fans switch on

-

at 600C

Alarm high oil temperature

-

at 850C

Transformer winding temperature high alarm

-

at 900C

OFAF: Oil Forced Air Forced. If the oil is forced to circulate within the transformer and radiator by
means of an oil pump, in addition to operating fans forcing air, still better rate of heat dissipation is
achieved over ONAF. Fans and oil pumps start separately when oil attains different set temperatures

OFWF Cooling: Oil Forced, Water Forced.

In this type, oil to water heat exchangers are employed.

Here windings are cooled by oil and in turn water is employed for cooling oil instead of air. Ambient
temperature of let in water to the cooler will be normally less than that of atmosphere air. Hence better
rate of cooling is obtained.

This type of cooling is used where sufficient quantity of water is available.

Eg. Hydro Power Stations - Oil pressure shall be higher than that of the water to prevent water from
entering in to oil with the cooler.

ODAF/OXWF: Oil directed, air /water forced. If the oil is directed to flow past the windings, large
quantities of heat can be taken away by the oil. In this type of cooling oil is directed to flow through the
windings in pre-determined paths. Oil is circulated by a forced oil system like oil pumps. This ensures
faster rate of heat transfer.

Recommended cooling arrangement: (CBIP manual) :
33/11 kV transformer ---- ONAN
66/11 or 22 kV

---- ONAN/ONAF

ONAN rating is 60% of the ONAF rating

Oil Preservation System: Oil readily absorbs moisture. Presence of moisture reduces the dielectric
strength of oil. The moisture entry can be (a) through oil coming into contact with air (b) Leakages past
18

gasket or and (c) formation inside the transformer as apart of insulation failure due to high temperature.
Different methods are available to reduce contamination of oil with moisture.

(i)Silicagel breather: It is most commonly used and economical method of limiting moisture content in
air, so that oil in the transformer comes into contact with fairly dry air. Silica gel breather is connected to
the conservator tank. A silica gel breather consists of a cartridge packed with silicagel desiccants and a
small cup containing oil. Air is drawn into the conservator through oil cup and breather where most of
the moisture is absorbed. Silicagel requires frequent reactivation to improve its efficiency of absorption.
A well maintained breather will dry the air down to dew point below - 400C. Oil level shall be maintained
in the cup to lessen air ingress. When silica gel colour changes from blue to pink, it needs
reactivation/replacement.

(ii)

Bellows and diaphragm sealed conservators: In this case a bellow type barrier or a diaphragm

type barrier is fitted in the conservator. In case of diaphragm type barrier, the air entering the conservator
tank pushes the diaphragm downwards. As oil expands the diaphragm is pushed upwards. The position
of diaphragm is indicated by oil level indicator. The diaphragm acts as a barrier there by preventing
mixing of air with oil.
In case of bellow type barrier, as the oil level in the conservator falls air is suck in through silica
gel breather which inflates bellows. Bellows deflate as oil level goes up. Conservator is also placed with
a pressure vacuum bleeder to remove air or oil available in excess.

(iii) Gas sealed conservators: In this method a cushion of an inert gas like Nitrogen is provided over oil
surface in the conservator. The gas pressure is always maintained higher than atmospheric pressure.
Contact between atmospheric air and oil is eliminated. Nitrogen gas pressure inside the conservator is
19

regulated by Nitrogen cylinder and pressure reducing valves which limit Nitrogen to the conservator
when the pressure falls. The excessive pressure developed inside the conservator is relived through a
relief valve. Normal pressure of Nitrogen in 3 - 5 kg/cm. Switches are provided to give alarms at (a)
when the Nitrogen pressure falls below 3 - 5 kgs/cm (b) when the pressure comes down to 1kg/cm and
(c) when the pressure exceeds and pressure relief valve opens.

( iv) Refrigeration breathers : In this type, an air dryer is fitted to the conservator.

Air

breathed

through the unit is dried in passing down a duct cooled by a series of thermo electric modules. Top and
bottom ends of the duct are terminated in the expansion space above oil level in the conservator and air is
continuously circulated through the duct by thermo-syphon forces. When transformer is breathing moist
air passes through external duct held at about - 200C. The water vapours in the air are condensed to frost
and ice. These are removed by reversing the current to thermo electric modules periodically. This will
melt ice which passes through a drain.

Pressure Relief Valve:
It is a device to provide instant relieving of excess gaseous pressure developed inside the
transformer due to a major fault causing vaporization of oil. If this is not provided, when dangerous gas
pressure builds up inside the tank it will burst open the tank cover throwing out oil leading to a fire
hazard.

It consists of a stainless steel diaphragm, pressed by heavy duty springs. As the pressure inside
the transformer tank rises above a preset value, the diaphragm is pushed up against the springs and
excessive pressure is released. The diaphragm then is pushed down to its original position by the springs.
On the raise of diaphragm, an indicator and a micro switch get operated.

Alternative to this is a diaphragm which ruptures on excessive pressure. However, the former is
preferred because of smaller size, switch for alarm etc.

Conservator:
It is provided on the top of the transformer to allow expansion and contraction of oil due to load
variations. This is connected to the transformer main tank through a pipe called equalizer pipe when the
load on the transformer increases and temperature raises, oil in the main tank expands and oil level
increases. If there is no sufficient space for this expanded oil, the transformer diaphragm or explosion
vent will burst open. Provision of conservator permits oil expansion in the conservator. Because of this,
20

oil level in the main tank will be at constant level. Conservator is also fitted with oil level gauge.
Conservator shall not be filled with oil completely.

Conservator
Bushings
Winding leads have to be brought outside the transformers for giving connection. In
order to provide safe clearance for the winding leads from the body of the transformer, they are taken out
through bushings on both HV and LV side.
Bushings are of 2 types.
(a) Porcelain type used up to 36 kV level.
(b) Condenser type bushing used on EHV transformer

(a)Porcelain bushings: The leads are taken out through hollow porcelain bushings with the internal space
between bushing body and winding lead is filled up by insulated oil. The size of the bushings becomes
bulky with the raise in voltage ratings. Hence, these types of bushings are limited upto 36 kV.

(b)Condenser type bushings: In this the insulation wall comprises of number of capacitors made up of
concentric conducting cylinder which give the better capability to withstand electrical stresses.
Aluminium foil used in the conductor is to be earthed through a cap provided at the bottom. Tan delta
values of the bushings have to be taken periodically to know the condition of the insulation. The bushing
is hermitically sealed. Insulation is provided with
(a) SRBP - Synthetic Resin Bonded Paper.
(b) OIP

- Oil Impregnated Paper
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(c ) RIP

- Resin Impregnated

Resin Coated Paper/Craft paper/Creep Craft Paper for making the core.

Recommended Bushings (CBIP manual):
11 kV to 12 kV---- Porcelain bushings with plain sheds
33 kV -36 kV ------ Same as above
66 kV - 72.5 kV---- oil communicating or condenser type bushings with plain sheds

Transformer connections:
Star/star Connection:
Advantages:
a)

Voltage of each single phase unit connected to star/star bank has only 57.7% of the line voltage
reducing the voltage stress on each phase. Hence they can be wound relatively for low voltage
which gives 1.732 times voltage between phases.

b)

This connection permits earthing of neutral to carry unbalanced currents. When earthed solidly it
has several benefits. During a phase to earth faults in one phase, the voltage in other two healthy
phases (phase to phase) is only 80% of the phase to phase voltage.

c)

Facilitates feeding of single phase loads and three phase loads.
Mainly used in transmission, high voltage systems of unequal voltages where it is necessary that

connection used shall not cause a shift in the phase from primary to secondary (apart from star/star
connection only delta/delta connection facilitates this.)

Disadvantages:
Provides a path for 3rd harmonic currents which increases losses, heats up insulation and they
will be interference with communication. If a tertiary winding is used 3rd harmonic currents can be
suppressed.
Magnetizing currents of each of three windings will not be exactly identical making it impossible
to have perfectly balanced voltages in all three phases.
Station power can be supplied 33kV and reactive compensation can be provided for controlling
voltages. The tertiary also provides stability against surges.

Delta by Delta:
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Used very rarely only in low voltages
Advantages:
 Triplane harmonics can be suppressed
 Large load unbalance can be tolerated
Disadvantages:


Requires more turns as full phase to phase voltage comes across the windings hence it is costlier with
increase in copper weight. Copper losses also increase.



No neutral point for direct earthing. Hence during a phase to earth fault in one phase, the phase to
neutral voltages in other two healthy phases will be 1.7 to 2 times the normal voltage, if earthed
through a resistance and reactance respectively.

Delta – Star:


Mainly used in distribution transformers.



Facilitates feeding single phase loads as well as 3 phase loads.



Third harmonic currents get suppressed due to passing through delta winding.

Recommended winding connections and vector group (CBIP manual)
33/11 kV transformer ---- HV -Delta
LV- Star
Vector- Dy11
66/11 or 22 kV

---- HV -Star
LV- Star
Vector- Yy0
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CHAPTER - 2
COMPLETELY SELF PROTECTED (CSP)
DISTRIBUTION TRANSFORMERS
INTRODUCTION:
The CSP Distribution Transformer protection system provides as complete a transformer
overcurrent protection package as is practical with the entire system contained within the Distribution
Transformer. This system protects the transformer from severe overloads, internal faults, secondary faults,
lightning and provides visual warning of the prevailing uneconomical loading conditions. The CSP
overcurrent protection system consists of an "INTERNAL LOW VOLTAGE CIRCUIT BREAKERS"
and "INTERNAL HIGH VOLTAGE PROTECTIVE LINK". The circular breaker is thermally
coordinated with the transformer's windings and HV fuse link so that it trips only when it is necessary to
protect the transformer windings from external faults on load side and excessive overloads. Likewise the
high voltage protective link is coordinated with the low voltage breaker so that the protective link
operates only when it is necessary to remove the transformer from the distribution circuit due to a faulty
transformer winding or other internal transformer fault.

CSP System Components:
The circuit breaker is an electromechanical device with three main elements viz., (1) temperature
sensing (2) latching and tripping (3) current interrupting. The temperature sensing function is
accomplished through the use of bimetallic strips which are built into the breaker such that the load
current of the transformer flows through them. The circuit breaker is mounted inside the transformer so
that these bimetallic strips are within the top oil layer of the transformer. In this way the critical thermal
modeling of the transformer by the circuit breaker is accomplished because the bimetallic strips are
responding thermally to the temperature of the transformer oil and also to the temperature changes created
by the flow of load current through them. The latching and tripping mechanism holds the circuit breaker
contacts closed against an opening spring force and through a set a of linkages, releases these contacts
after a predetermined movement of the bimetallic strip has occurred. The circuit breaker can also be
opened and closed manually.

The signal light circuit is mechanically connected to the circuit breaker latching and bimetal
systems through an auxiliary contact. The signal light circuit consists of an auxiliary transformer winding
(one turn) which generates about three volts, a signal light contact, with the circuit breaker and a signal
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light which is mounted on the wall of the transformer tank. The signal light contacts will close at a preset
thermal condition which is considered to be the economic loading point which occurs; before the main
latching system opens the main contacts.

The net result is a visual, external indication that a present load condition has been reached by the
transformer at least once during its operation. The signal light mechanism does reset itself when the load
drops off: the signal light remains lighted once the signal light contacts close and can only be turned off
by manually operating the external circuit breaker handle. If, however the overload has persisted the
signal will relight as soon as the operating, handle is restored to its normal position indicating the need for
a larger size transformer.

The Emergency Control:
Faced with the above situation the utility may prefer to restore service regardless of possible
transformer damage, i.e., the need for prompt restoration of service overshadows the concern for the loss
of transformer life. To take care of these situations, the CSP Circuit Breaker can be manufactured with
emergency overload feature.
The breaker can be specified with the “Standard Emergency Control" device. A breaker
containing the standard emergency control device can be recalibrated in the field by operating an
auxiliary control lever. Activation of this emergency control lever raises the bimetal trip temperature by
about 25 degrees above the standard setting, depending upon breaker type. This additional increase in
thermal capacity permits the breaker to be reset and closed even under the most severe overload
conditions. Of course, it must be recognized, that with the breaker at its emergency setting, it can not
provide much thermal protection to the transformer coil and if load remains at this level or increases the
transformer will probably burn out.

The Protective Link:
The high voltage protective link is placed in series with the primary winding. The purpose of this
expulsion fuse is to protect the part of the electrical distribution which is ahead of the distribution
transformer from faults which occur inside the distribution transformer. If a fault occurs in the windings
or in some other part of transformer, it will cause abnormally large current to flow and the flow of these
currents will cause the fuse to melt open and clear the circuit. In this way, the fault is limited only to those
customers who are served by this particular transformer and service is maintained on the rest of the
system. When this type of fault exists, the transformer is no longer usable and must be removed from
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service and repaired Any fault ahead of the transformer will not be seen by any of the transformer's
internal protective devices and will have to be cleared by some other protective device upstream from the
transformer.

Lighting Arrestor:
The purpose of the lightning arrestor is to protect the transformer from insulation damage caused
by lighting induced surges. In order to provide surge protection, the lightning arrestor diverts the flow of
surge current to earth by changing its impedance characteristic from high resistance to low resistance and
then back to high resistance once the surge has been diverted. The arrestor appears as an open circuit to
power frequency voltages and as a short circuit to surge disturbances. All the CSP components are now
available indigenously.

Operation of the CSP Transformer:
The CSP Circuit Breaker will permit the transformer to function up to the point where amount
and duration of the peak load begins to cause significant loss of transformer life. When this point is
approached, the signal light will light providing the electric utility company with the first indication that
the loads on this particular transformer have grown to the point where significant insulation deterioration
can occur. The signal light as was mentioned earlier, remains lighted once it has been actuated, unless
manually reset at the transformer. The signal light indication means that the transformer has reached a
specified level of overload and overload duration at least once.

At this point several options are open to the customer. A replacement of this transformer for a
larger size can be planned for at a future convenient date, or the signal light may be reset to determine if it
will light again indicating that the overload conditions have become a normal condition at this site & then
a replacement can be planned.

Resetting the Breaker:
When the breaker trips (or the signal light continues to glow) indicating an overload condition,
the breaker (and signal light) is reset by moving the external operating handle to the “RESET” position
and then to the “CLOSE" position. If the transformer has returned to a normal operating temperature and
if any excessive load (or secondary fault) has been removed, reset/close operating mechanism will return
the breaker to its normal operating position by closing the main contacts and opening the signal circuit
contact. The operation of the external operating handle, is illustrated in FIGURE 1.
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When the breaker trips on overload, the duration of the cooling time that is required before the
breaker can be reset and closed will depend upon the following conditions:
(i)Transformer’s oil temperature, which in turn depends, upon the ambient temperature
(ii)The magnitude and duration of the load which existed just prior to the tripping of the breaker
(iii)The duration of the time of outage

Connection Diagram of CSP Transformer:
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Conclusion:
The CSP transformer gives adequate protection against overloads, short circuit and surges which are the
main causes of failure of majority of the transformers. All the components required for CSP system are
manufactured in India and the extra cost of CSP transformer is approximately 10% over that of
conventional transformer for a typical rating of 100 KVA. Considering the advantages over conventional
transformers the extra COST is definitely justified.
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CHAPTER - 3
AMORPHOUS CORE TRANSFORMERS
INTRODUCTION:
T&D losses in India is about 23% of the generated energy This level of losses is very high when
compared to the levels of 8 to 10% in other countries Every effort wills have to be made in this context to
reduce these losses so that the existing generation and T&D system can be used to feed more loads.

The contribution of distribution transformers to this loss cannot be overlooked The no-load loss
of the distribution transformer is of great importance since these are present even when the transformer is
under no-load conditions This is especially important for our rural loads where the load factor is very low

The use of amorphous metal in place of CRGO steel for the transformer core reduces the no-load
loss (core loss) of the transformer by 75% approximately. Thus the usage of Amorphous core
Transformers saves energy and thereby conserve resources. Though it is not practicable to replace all the
existing Distribution Transformers with Amorphous core Transformers, if the new additions of
distribution transformers being added every year (say about 1,50,000 nos) are installed with amorphous
core, the annual saving in energy cost is Rs. 53 crore and the generation capacity saved (or which can be
used for supplying additional loads) is 39 MW. The capital cost saved in installing this generation
capacity is Rs.195 Crore. The saving in cost of transmission system and sub-transmission system also will
have to be added to this. This saving can be realized on a cumulative basis year after year.

Comparison of the amorphous metal with CRGO, the manufacturing processes of Amorphous
Core Transformers and typical design parameters are detailed below:

AMORPHOUS METALS:
The word Amorphous means lacking symmetrical structure or form Amorphous metals are a
group of alloys with metallic properties but without the crystalline lattice of conventional metallic
materials. They have no atomic order, i e., they are amorphous like frozen-in melt or glass. Consequently
they are frequently referred to as metallic glasses.
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Amorphous metals are formed into thin strips by rapidly cooling molten metals at typical cooling
rates of 10 6 k/s to prevent crystallization of the material during solidification. Such rapid solidification
leaves a vitrified solid with a random atomic structure, essentially as in a liquid metal.
The development of glassy alloys began with Au 75, si 25 in 1960 by Duwez and co- workers.
The broad extent of glass formation possible in transition metal - metalloid system was patented by Chen
& Polk They have explained numerous alloys containing metals Fe, Ni, Co and Cr and metalloids P. B. C,
Al and Si. The list of alloys that can be manufactured is endless and in this paper only one alloy which
can substitute CRGO in transformer is discussed.

Fe - B - Si SYSTEM:
Of the Fe rich glasses, the F80 B20 alloy was the first to be considered for transformer
applications. Very soon it was found that the addition of Si to Fe - B alloys improved the stability against
crystallization, without any serious adverse effect on the magnetic properties Further studies have
established that Fe - B - Si alloys are better suited for transformer applications since they have excellent
soft magnetic characteristics and economy in production costs. ALLIED SIGNAL 's commercial alloy
METGLAS 26059-2, a combination of Fe78 813 Si9, is the best suited for production of distribution
transformer cores. This can be said to be the most important advance in transformer core material since
the introduction of GOSS structure in crystalline silicon steels.

COMPARISON OF PROPERTIES OF AMORPHOUS METAL & CRGO STEEL
________________________________________________________________________
S.No

PROPERTIES

1

Density

2

Specific resistance

3

Saturation flux

g/cm3

Tesla

AMORPHOUS

CRGO SILICON

METAL

STEEL

7.1 5

7.65

130

45

1.56

2.03

0.20

0.90

0.025

0.27

0.80

0.97

Density
4

Typical core loss
Watt/kg at 50 HZ
1.4 Tesla

5

Thickness

6

Space Factor

mm
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7

Brittleness

Higher

Lower

8

Available form

Ribbon/Foil

Sheet/Roll

(Standard

sizes

-106

mm, 142.2 mm. 170.2
mm, 213.4 mm)
9

Annealing temperature

10
11

deg c

360

810

Annealing atmosphere

Inert gas

Inert gas

Special annealing requirement

Magnetic

field

Inert gas

annealing
________________________________________________________________________

DEVELOPMENT OF AMORPHOUS CORE TRANSFORMERS:
The first study regarding the application of amorphous magnetic materials for
was carried out in 1978 by Luborsky of the General Electric Co., USA.
cooperation with EPRI produced the first batches of
development of Amorphous Core

transformers

The research work in

Amorphous Core Transformers in 1981. Similar

Transformers was undertaken in Japan also around the same time.

AMORPHOUS CORE TRANSFORMER MANUFACTURE:


The construction of a transformer utilising amorphous magnetic material is fundamentally the
same as a conventional transformer. However, due to the special properties of this material, the
manufacturing processes are different from CRGO steel core. These properties are:
a) Hardness of material is more.
b) Material is very thin.
c) Material require magnetic field annealing.
d) After annealing, material becomes less ductile



Core manufacturing process (typical):
The typical core manufacturing process with amorphous metal consists of;
a ) Core winding
b) Core cutting
c) Core forming
d) Magnetic field annealing.
Because of the harness of the material. special cutting tools are used.
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The core losses are optimised by annealing process after forming the random atomic architecture
of the amorphous state does not allow amorphous metal glasses from possessing any magneto
crystalline anisotropy. However, a magnetic anisotropy (i.e., the measure of the ease of
magnetization away from a given direction) can be induced in metallic glasses. The magnitude of
this induced anisotropy is of the order of 103 J/m3 against 104 J/m3 for CRGO steel.



The Amorphous core material in as cast state has high quenching stress resulting from the very
rapid cooling rate during manufacture. In case of ferromagnetic metallic glasses, these stresses
lead to a distribution of stress induced magnetic anisotropy resulting in a complex domain
structure. Annealing of the core is done to relieve the quenching stress and also to induce a
preferred axis of magnetostriction, i e along the ribbon length. The annealing temperatures will
have to be such that the glassy natures is preserved A magnetic field of sufficient strength
(approximately 10 oersted) to magnetically saturate the material at the anneal temperature is
applied The anneal temperature is chosen close to the curie temperature.

PERFORMANCE CHARACTERISTICS:
Amorphous Core Transformers have about 25% of the core loss when compared to CRGO core
transformers when designed by keeping all other performance parameters like load loss, impedance,
temperature rise, etc., unchanged.
A comparison of the no-load losses of standard ratings of single phase and three-phase oil-phase
oil-filled distribution transformers is given below:
KVA

Number

of

NO-LOAD LOSS (WATT)

Phases
Amorphous

Core CRGO Core transformer

Transformer
10

1

10

40

15

1

15

60

25

3

25

100

63

3

45

180

100

3

60

260

ECONOMIC BENEFITS OF AMORPHOUS CORE TRANSFORMERS :
Usage of amorphous core Distribution transformers in Indian power system gives tremendous
economic benefits to the nation.
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Though it is not practicable to replace all the existing distribution transformers in the system, new
additions can be made with Amorphous Core Transformers, The savings are worked-out on the basis that
1,50,000 Distribution Transformers are added to the system every year.

Basic assumptions used:
(i)Number of distribution transformers added ine the
Indian Power System every year

= 1,50,000

(average capacity 63 kva)

(ii)Cost of Installation of 1 MW Generation (Thermal)

= Rs.5 Crore

(iii)Cost of energy at the transformer terminals

= Rs. 3/kwh

(iv)Plant load factor (for generation)

= 60%

(v)System losses up to distribution transformer

= 15%

(This is a conservative estimate. The average value
in the Indian Power System at present is more than this)

(vi)No-load loss of 63 kva (CRGO core transformer)

= 180 Watt

(vii)No-load loss of 63 kva(Amorphous core transformer)

= 45 Watt

________________________________________________________________________
Saving in no-load loss at distribution

(180-45)

end for 1,50,000 transformers

= -------------- x1,50,000 =20.25 MW
1000x1000

This is the effective amount of generation capacity saved at the distribution transformer terminals. Hence,
the installed 'generation capacity saved is calculated as
20.25x1.15
---------------

=

38.81 MW

Say 39 MW

0.6

Saving in energy cost = (180 - 45) X 1,50, 000 x 8760 X 3.0
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1000
= Rs. 53, 21, 70,000
Say Rs .53 Crore/Annum

Generation capacity saved

= 39 MW

Investment saved in
installing generation capacity

= Rs. 39x5
= Rs.195 Crore

This energy saving occurs year after year during the entire life time of the transformer.

The above saving would mean in other words saving in cost of coal/fuel, reduction in O&M costs,
reduction in environmental pollution, etc.
When the country is facing very severe resource crunch, every attempt will have to be made for
optimum use of resources, and the usage of Amorphous Core Transformers will definitely give savings in
investment in generation & associated facilities together with recurring savings year after year.

CONCLUSION:
Amorphous alloy metal Fe78 B13 Si9 is the most important advance in transformer core material
since the introduction of Gross structure in crystalline silicon steel. The technology for the manufacture of
the metal as well as the technology for manufacture of transformers with this metal is now
commercialized. Use of this metal for transformer core reduces the core loss by 75% and this is a
significant saving as the core losses are incurred for the entire duration of the service life of the
transformer. In view of the substantial savings that the Amorphous Core Transformers offer by way of
reduction of investment cost in generation and saving in energy costs during the life time, these
transformers offers unique solutions for improving the T&D efficiency and reducing operating costs of
the Indian Power System.
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CHAPTER - 4
DRY TYPE CAST RESIN TRANSFORMERS
INTRODUCTION:
A Dry-type Transformer is defined as a transformer in which the core and windings are not
immersed in an insulating liquid. A Dry type Transformer having one or more windings encapsulated in
solid insulation is called an “Encapsulated Winding Dry-type Transformer”, whereas non-encapsulated
winding Dry-type transformer have none of the windings encapsulated with solid insulation.
Dry-type Cast Resin Transformers are presently covered under the category of “Dry-type
Transformers” in various national and international standards.
IS-11171

- Specification for Dry-type Power Transformer

IEC -726

- Dry-type Power Transformers

ANSI C57.12.01

- General requirement for Dry-type Distribution and Power
Transformers.

DRY-TYPE CAST RESIN TRANSFORMER:
What is Casting:
The essential feature of Dry-type Cast Resin Transformer is the use of a metal mould for the
manufacture of the winding. The mould is essential to hold the epoxy in position during the filling, gel &
cure cycles. A vacuum filling process is essential to eliminate the formation of voids and trapped gases in
the casting. If a metal mould is not used, the epoxy will run and drain during the cure cycle. Moreover in
a dip process a very high vacuum casting using metal mould is superior to a dip process.

Filled system and unfilled system:
In filled system a filler (for example quartz) is used along with the resin whereas no such filler is
used with the resin in an unfilled system. The insulation of the transformer winding, layers, winding ends,
etc., are with epoxy compatible glass fibre based materials having high resin retention capacity. The resin
is not mixed with any filler, the resin filling in the winding is by capillary action. The coils cast under
vacuum using the unfilled system has extremely high mechanical strength uniform dielectric permittivity
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throughout the cast insulation, void free casting resulting in practically no partial discharge when
compared to other systems.
The unfilled system gives complete impregnation of winding. The winding are permanently
embedded between layers of fibre glass mat and non-wovens and the vacuum casting is done with unfilled
system. This is distinctly superior to a dip system or a filled system because the level of impregnation of
the layers deep within the coil is low in the dip system /filled system.

Resin System:
The resin system used in unfilled casting process consists of the following components:


Epoxy Resin



Hardner,



Plasticiser.



Accelerator

Epoxy Resin:
Epoxy resin is a molecule containing more than one alpha epoxy group capable of being
converted into a thermoset form. The liquid epoxy resin has low viscosity and when compared to other
liquid resin like, Phenolic, Polyester or Acrylic, have the following unique properties:
a)

Low viscosity

b)

Quick and easy curing

c)

Low shrinkage

d)

High adhesive strength

e)

High mechanical strength

f)

Good electrical properties

g)

Good chemical resistance
The reaction of the epoxy resin with the hardner is with very little rearrangement of the chemical

chain and no volatile products are produced in the reaction.

Hardner:
An acid anhydride hardner with typically anhydride content of more than 94 percent is used.

Plasticiser:
To give elastic properties to the Casting, a solvent free polyglycol is used. This is normally
known as flexibiliser or plasticiser. The amount of plasticiser will have to be decided carefully as an
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increased amount will give more elastic casting with lower electrical strength. A low amount of plasticiser
will give a brittle casting which may crack in thermal cycling.
Accelerator:
To speed up the reaction time, a solvent free tertiary amine is used as accelerator.

DESIGN CRITERIA
Core
Core construction is similar to the core construction of oil filled transformers, except for the fact
that assembled cores arc treated wish an anti-corrosive paint for protection against weather, dust,
exposure etc.,

Winding & Insulation:
The conductor cross section is decided on the basis of loss capitalization and temperature rise.
Conductor insulation will depend on the insulation class of the Transformer. Inter-layer insulation is
given by epoxy compatible glass fibre chopped strand mat, polyester non-wovens and glass fibre tapes.

When the radial build–up of the winding is high, ducts are required for casting stability and/or
for heat transfer. Duct thickness for cooling purpose is calculated on the basis of convective heat transfer
requirements.

The winding design shall optimise conflicting requirements. One example is the inter-layer
insulation. If inter-layer insulation is increased, the power frequency electrical stresses are reduced, but
the impulse distribution becomes non-linear and temperature gradient increases.

Electrical stress in HV-LV gap:
The HV-LV gap consists of epoxy resin and air. When the voltage difference or HV-LV gap is
high, the gap length becomes high and dielectric barriers can be provided.

Core Coil Assembly:
The Core Coil Assembly is designed with due consideration for absorbing the axial unbalance
forces due to short circuits and also to reduce noise level. A resilient coupling between winding and core
is required to withstand thermal and short circuit stresses. The spring constant of the resilient clamping
should be such that resonance conditions do not occur.
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Thermal Protection:
Resistance elements like PT-100 are used to sense the winding temperature and the signals are
used for indication/protection purposes. In critical installations, temperature sensors are kept in all
winding phases of LV, core, etc, and the signals are transmitted to indicating/ surveillance/protection
systems.

Enclosures:
Enclosures design depends on the application. For outdoor application protection from
ultraviolent rays is essential and IP -34 enclosures is generally used. IP-23 protection is typically used for
indoor applications. The ventilation design is done after due consideration of the airflow requirement for
heat transfer.

Temperature rises and heat transfer:
The temperature rise allowed for various classes of insulation for Dry-type Transformer as per IEC-726
are given below:

Insulation

system

temperature IEC-726

Allowable
Winding hot spot temperature (ºC)

temperature
current (ºC)

Rated

Maximum

105 (A)

95

140

60

120 (E)

110

155

75

130 (B)

120

165

80

155 (F)

145

190

100

180 (H)

175

220

125

Several parameters are considered for heat transfer which include
-

Core losses

-

Load losses

-

Core to LV gap

-

Insulation thickness of winding

-

Number of cooling ducts and sizes of ducts

-

Clearance between winding

-

Clearance between winding & enclosure
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mean
rise

winding
at

rated

-

Emissivity constant of winding & enclosure.

-

Size of louvers and mesh provided etc,

MANUFACTURING PROCESSES:
Resin processing:
Individual components of the resin system are first processed in separate vessels which are
temperature controlled and which can be kept under vacuum. Precisely measured quantities of the
processed components are then dosed by positive displacement pumps to a mixer chamber. Vacuum
degassing is done in the mixing chamber at controlled temperature.

Casting:
Windings are first assembled into steel moulds and these are first pre-heated and then transferred
to the casting vessel. Vacuum is applied to the casting vessel and the vessel is kept at a preset temperature
when the desired vacuum and temperature is reached, the resin is introduced at the bottom of the mould.
The flow of resin is controlled so that the filling is by capillary action. Once the filling is completed, the
mould is transferred to the curing oven.

Curing:
Curing is done to get optimum gelling rate and to control exhothern. If the curing is not
controlled, uneven gelling and shrinkage leading to cracks/voids in the casting can occur.

ADVANTAGES OF CAST REASIN TRANSFORMERS:

Non-hygroscoping insulation:
The Cast Resin Transformer is non-hygroscopic and hence will not absorb moisture during
service or when stored, whereas the oil cellulose insulation system used in Oil-filled Transformers have
high affinity to moisture and as a result any ingress of moisture will deteriorate the electrical strength of
Oil-filled Transformers. The non-hygroscopic nature is highly beneficial because the Transformer can be
immediately switched-on, even after a prolonged shut down.

Fire safety:
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The Cast Resin Transformer is non – inflammable and will not spread fire to its surroundings or
will not explode. The total calorific power released by a cast Resin Transformer to its surroundings is
extremely low when compared to other types of insulation as shown below:

_______________________________________________________________________
Type of insulation

Relative value of total calorific

________________________________________________________________________
Mineral oil-filled transformer

100

Silicone oil-filled transformer

88

Synthetic liquid –filled transformer (eg. Askarel)

63

Cast resin transformer
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An internal fault in a 1iquid-fillcd transformer can cause it to self ignite as the thermal energy
balance of the material is positives whereas in Cast Resin Transformers the thermal energy balance is
nearly negative.

Toxicity of fire gases is a major concern in the event of fire hazard of a liquid-filled transformer,
especially in the case of Askarel based liquids. This hazardous situation does not arise in the case of cast
Resin Transformer.

High mechanical strength:
As the coils are cast in epoxy resin, the mechanical strength is extremely high and there is no
chance of the Transformer failing under short circuit. This aspect is of utmost importance in India where
experience shows that short circuit accounts for a large number of Transformer failures.

No leakage or pilferage of liquids:
Leakage or pilferage of insulating liquid is a general problem associated with liquid-filled
Transformers and there is no question of leakage or pilferage of liquid and consequent failures.

Maintenance free:

42

Once installed, the Cast Resin Transformers require practically no maintenance and this saves on
operating cost of the equipment.

Protection against corrosive atmosphere:
The complete vacuum impregnation and filling of the primary and secondary coils- provide
extremely good protection against atmospheric pollution. The glass reinforced resin castings are
impervious to most common gasses, chemical fumes etc., and these transformers are best suitable for
industrial applications.

Partial discharge free:
Due to the special advantages of the glass fibre reinforced unfilled system, the Cast Resin
Transformers are partial discharge free.

CONCLUSION:
Cast Resin Transformers manufactured using glass reinforced unfilled system are superior and it
offers several advantages economy in operation and long life expectancy. Due to the benefits discussed
these are ideally suitable for application in generating stations, high rise buildings, hospitals, air-ports
factories residential areas etc.
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CHAPTER - 5
ENERGY CONSERVATION ACT 2001 – STANDARDS & LABELING

What is S & L ?
S & L = Energy Efficiency Standards and Labels


Energy Efficiency Standards:

Are regulations that prescribe the energy performance of manufactured products, often prohibiting the
sale of products less energy – efficient than the minimum standard.


Energy Efficiency Labels:

Are informative labels affixed to manufactured products that indicate a product’s energy performance and
provide consumers with the information necessary to make an informed purchase – decision.

What are Energy-Efficiency Labels?
Informative labels are affixed to manufactured products describing the product’s energy
performance (Energy consumption, energy efficiency, energy cost, or combinations thereof) enabling
consumers to make informed purchases.

Why Promote labels?


Accelerate Energy conservation by encouraging Purchases of EE equipment



Energy Labels:

-

Help Consumers in selecting energy efficient appliances

-

Encourage manufactures to improve the energy performance of their models

-

Create competition among manufactures

S&L Key in EE Strategy


Reduction in Demand Side Management



Direct benefit to the consumer



Reduction of heat losses



Proven track record of being one of the most cost effective ways of reducing energy use



Partnerships are the key to success
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Types of Labels


Endorsement Labels
Offer a “Seal of approval” that a product meets certain pre-specified criteria



Comparative labels
Allow consumers to compare energy use among all available models in order to

informed choice
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make an

CHAPTER - 6
DISTRIBUTION TRANSFORMERS IN HIGH VOLTAGE DISTRIBUTION
SYSTEM (HVDS)

1.

INTRODUCTION

The two widely prevalent distribution practices in vogue across the world are:

Low Voltage Distribution System (LVDS): This is based on European practice, where three phase
transformer of considerable capacity is installed and LV lines are extended to cater to a group of loads.
This system is best suited to meet the concentrated loads of high load density normally incident in
European Countries.

High Voltage Distribution System (HVDS): This is based on North American practice where three
phase or single phase HV line is taken as near the load as possible and a distribution transformer of
appropriate capacity, generally one or more single phase transformers, are installed to feed one or a small
group of loads, such that the length of the LV lines is minimum or is eliminated altogether. This system is
best suited to meet the scattered loads of low load density, normally incident in the developing countries
like India.

2. Different Types of High Voltage Distribution System
There are three types of High Voltage distribution system in vogue:



Phase Neutral HVDS (PN-HVDS)



Phase Phase HVDS (PP-HVDS)



Phase-Ground HVDS (PG HVDS)

The description of different systems is outlined.
2.1 Phases-Neutral HVDS
The system is widely adopted in North America. Under this system, the main line from substation
is three-phase 4 wire (3 phases + Neutral) and laterals are single-phase 2 wire line or two-phase 3-wire
line or three-phase 4-wire line depending upon the loads and feeding arrangement. The unique feature of
the system lies in providing the neutral tight through the system, viz from substation to all nodes on the
network.

47

Single-phase Loads: 11 KV single phase line (phase neutral) branch is extended from main line and 1
No. 6350/230-0-230 V distribution transformer is erected to feed single chase loads.

Three-phase loads: Three alternative arrangements for feeding three phase loads are described.



11 KV two-phase 3-wire branches are extended from the main line and 2 Not. of single-phase
6350/230-0-230 V distribution transformer is connected, star on HV side and open delta on LV
side to feed three-phase loads, as shown in Part (B) of Fig. 3.1. In this arrangement, the effective
capacity of the transformer bank is 86.6% of total capacity i.e. if two transformers of 10 KVA
capacity- ire used, the maximum three-phase load that can be fed is 17.32 KVA.



11 KV three-phase, 4-wire line is extended and 3 Nos. 6350/230-0-230 V single phase
transformers are connected, star- delta to feed three-phase loads Existing 11 KV three-phase 4wire line is extended and three-phase delta/Star distribution transformer is used

2.2

Phase - Phase HVDS
A schematic layout of system is shown in Fig. 1.2. The scheme is widely adopted in Europe.

Under this system, the main line from substation is three-phase 3-wire line without neutral and lateral are
two-phase 2-wire lines or three-phase 3-wire lines, depending upon the loads and feeding arrangement.

Sing1e-phase loads: 11 KV single phase 2 wire (Phase-phase) branches are extended from main line and
one number single phase 11000/230-0-230 V -distribution transformer is erected to feed single phase
loads.

Three-Phase loads: Three alternate arrangements for feeding three-phase loads are described.



11 KV three-phase 3-wire branches are extended from main line and 2 Nos. of single phase
11000/230-0-230 V distribution transformer is connected V- V (Open delta - open delta) to feed
three phase loads as shown in Part (F) of Fig. 1.2. The effective capacity of this bank is 86.6% of
total capacity.



11 KV three-phase 3-wire line is extended and 3 Nos. 11000/230-0-230 ~ single phase
distribution transformer are connected delta on HV side and delta on LV side.
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11 KV three-phase, 3-wire line is extended and existing three-phase 110()/415\ delta star
distribution transformer is used Phase - Ground HVDS

This scheme is similar to Phase- Neutral HVDS in all respects except that ground is used as
return path and neutral wire is not provided all along the system. The transformer HOT neutral or star
point on HV side (when more than one transformer is used) is earthed solidly at every location, and
thereby ground is used as return path. This system used in certain parts North America and Australia.

This system is considered as unsuitable for Indian conditions due to the -following technical and
practical reasons.



Since ground is used for return path of the currents the soil resistivity or the area plays a vital
role. The system may be hazardous in areas where soil resistivity is high.



Good quality earthing is required for the safety of personnel and animals. The code of practice
stipulates that the voltage rise at the point o earthing shall not exceed 20 V i.e., product of I goad
current) and R (Resistance of H earthing system) should not exceed 20V. Providing effective
earthing and ensuring its maintenance throughout the period at a number of locations in rural
areas is beset with several practical problems. Ineffective or inefficient earthing for any reason
develops dangerous potential and may be hazardous to humans and animals.


3.

Interference with telecommunication lines.

Advantages of HVDS compared to LVDS
The important drawbacks of LVDS and the way in which these are automatically solved by

adopting popular Phase - Neutral HVDS are described below:

3.1

Line Losses

LVDS: The long LV lines of small conductor sizes cause high line losses. The low voltage network
energy losses alone are estimated to be 8% to 10% of total energy handled or in other words the low
voltage network contributes to about 30% of total energy losses. The international norms for energy
losses in the low voltage network are 1% to 2%. Thus the energy losses of low voltage network of LVDS
are 5 to 6 times the international norm.
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HVDS: The HV line is taken as near the load bus as possible and a LV service cable is run to feed loads.
Where single or two span extensions are required they are carried out with AB cables. Thus the line losses

in the LV network are negligible. The loss in HV system for the distribution of the same amount of power
is less than 1% as compared to that of LV line. Hence the total energy losses are considerably reduced.
3.2

Voltage Drop

LVDS: The voltage drop in the LVDS is very high as the lines are long and conductor sizes are small.
The sample studies made on the Andhra Pradesh Distribution System indicated that 50% of LV feeders
have more than 10% voltage drop and another 25% have 5-10% voltage drop. The maximum permissible
voltage drop on the LV feeders is 5% in accordance with Indian Electricity Rules - Rule 56.

HVDS: The voltage drop for distribution of same quantum of power is less than 1% as against that in
LVDS and this ensures proper voltage profile at all customer points.

3.3

System Power Factor

LVDS: The Power Factor (PF) of three phase motors of Agricultural Pumping System, which is the main
load in rural areas, is as low as 0.7. This low power factor is the most important cause for high energy
losses, poor voltage profile and over loading of the power system. Even though the terms and conditions
of supply have been amended making it mandatory on the part of the consumer to provide capacitors for
Power Factor correction, this could not be enforced, since the motor can be run without a capacitor and
the tariff is not based on Power Factor of service.

HVDS: The single phase motors can be used for all Agricultural services. The single phase motors have
built in capacitors and the PF is more than 0.95 and almos unity. Further the motor cannot be run without
a capacitor and hence PF of the load is high. Thus system power factor is always maintained high.

3.4

Failure of Distribution Transformers

LVDS: The present failure rate of three phase distribution transformers in India is l5 to 20%. The major
contributing factors for this high failure rate are: LV line faults and indiscriminate loading of transformers
beyond its capacity. The lengthy LV lines in LVDS coupled with poor construction standards is the
principal cause for large number of LV faults. Further the fault current due to a fault at the tail end of
lengthy feeders may not be adequate enough to cause protective device operation and it appears as a load
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on the network. Thus, these faults cause frequent failure of transformers. The overloading of transformers
could not be effectively checked, as it serves large number of consumers spread over a wide area.

HVDS: The length of LV lines is minimum. Further the AB cables are used for LV lines, as the current
ratings are low and as AB cable is cheaper than bare conductor construction at low current ratings. Thus

the failure of transformers due to LV line faults is minimised. The loading of transformer beyond its
capacity is effectively prevented by consumers whom it serves, as its failure affects their supply.

3.5

Theft of Energy

LVDS: Theft of Energy by direct tapping of long LV lines passing through Agricultural fields in rural
area and colonies in Urban area has become a menace in recent years. It is estimated that the number of
direct tappings of power for pump sets is as high as 2^r) to 25% of total number of services connected.
These unauthorized tappings are mainly responsible for overloading of the system and consequential
failure of transformers, high energy losses and high voltage drop.

HVDS: The LV lines are virtually eliminated and even the short LV line required is of AB cable. This
makes direct tapping of lines a very difficult task. Each transformer caters to 2 or 3 consumers and they
can be made responsible to prevent any unauthorized connection on the transformer.

3.6

End use equipment efficiency

LVDS: The high voltage drops in the LV network result in low voltages at customer premises particularly
for Agricultural pumpsets. This has resulted in large scale burning of pumpset motors. It is estimated that
motors are rewound once in two years and the efficiency of rewound motor is generally lower than that of
a new motor. Further, efficiency of motors is lower than rated efficiency, when operated at voltages lower
than the rated voltage. Thus the end use equipment efficiency is low, resulting in wastage of energy.

HVDS: The voltage drop for distribution of same amount of power is about 1% that of LVDS and thus,
the voltages at the consumer premises can be maintained satisfactorily avoiding burning of motors. The
efficiency of end use equipment is also kept :rligh, resulting in considerable benefits by way of energy
conservation.

3.7

Reliability of supply
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LVDS: The frequent faults on LV lines cause blowing off of fuses at distribution transformers or failure
of transformers resulting in interruption of supply to the consumers. This interruption may not come to
the notice of substation operator urless it is reported by the affected consumers. Further failure of
transformer affects supply to large number of consumers served by it. Thus the reliability of power supply
is poor.

HVDS: The LV lines are short and insulated, avoiding all LV faults. The faults on HT line comes to the
notice of the operator immediately due to the tripping of substation breaker. The reliability of HV system
can easily be improved by providing sectionalizes

or autoreclosures on the line. The failure of

transformer affects only a very small number of consumers served by it. Thus the reliability of power
supply is very high.
3.8

Voltage fluctuations

LVDS: Due to high voltage drop on LV lines, the consumers are subjected to wide voltage fluctuations
with the variation of load. All the modern electrical and electronic equipment are sensitive to voltage
variations and the consumers are forced to use stabilizers to provide stable supply. The voltage stabilizers
draw reactive power from the system causing associated reactive power management problems on the
upstream side of the power system.

HVDS: The voltage drop on the LV line is negligible. The additional drop due to extension of HV line
upto consumer premises is also negligible. Thus the voltage profile is very stable and there is no need to
use voltage stabilizer. Further, any voltage fluctuations occurring can be controlled by the installation of
automatic voltage regulators on the HV line.

4. Comparison of PN-HVDS and PP-HVDS
The comparative merits of PN-HVDS and PP-HVDS are discussed below:
4.1

Circuit Cost
Three phase circuit in PN-HVDS requires a neutral conductor and costs more than the three-phase

circuit in PP-HVDS. However this additional cost usually is very small as the neutral conductor of main
circuit is one or two sizes smaller than the phase conductor and is run on a low voltage insulator. Further
if a secondary circuit is run on the same supports, the neutral of the secondary circuit can be used for
primary circuit also, as a common neutral conductor.
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With regard to single phase circuit PP-HVDS requires two HV insulators normally - run on a
cross arm whereas PN-HVDS requires only one HV insulator and can be run on the side clamps to the
supports. The comparative cost indices are indicated in Table 1.1

Table 1.1: Comparative costs of PN-HVDS and PP-HVDS Circuits
Particulars

PN-HVDS: PP-HVDS

Three phase line with common neutral

1.00: 1.00

Three phase line without common neutral

1.16:1.00

Single phase line with common neutral

0.72:1.00

Single phase line without common neutral

0.96:1.00

4.2

Circuit Capacity for single phase laterals
The voltage drop and power losses for distribution of the same amount of power in single phase

lateral of PP-HVDS are lower compared to that of PN-HVDS. The comparative figures, if R& X of single
phase laterals are equal in both the systems and that 50% of current flows through ground in case of PNHVDS is indicated in Table 1.2: Comparative voltage drop and power losses in PP-HVDS and PNHVDS

Particulars

PN-HVDS: PP-HVDS

Voltage Drop

2.25:1.00

Power Loss

1.08: 1.00

But R. X values of single phase lateral in PN-HVDS are lower than that of PP-HVDS for the
same size of conductor because neutral conductor is connected to and paralleled by earth, which is
relatively a good conductor. Further, lower voltage drop for single phase lateral in PP-HVDS is of little
advantage, particularly in rural areas, as the minimum size of conductor is based on mechanical
consideration, and the voltage drop does not exceed allowable limits in most of the circuits for the loads
and distances involved.
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4.3

Over current protection equipment requirements for single phase lateral
PP-HVDS requires two single phase automatic sectionalizes or two single phase reclosures or two

fuses for the protection of single phase lateral, whereas one protective equipment is adequate for PNHVDS. Therefore the costs to provide over current protection for single phase lateral in PP-HVDS is
twice that of PN-HVDS. Further the normal frequency recovery voltage, on interruption of load current or
short circuit current is equal to system line to neutral voltage in case of PN-HVDS and full line to line
voltage in case of PP-HVDS. Therefore single phase protective devices on PP HVDS are more expensive
than the protective devices on PN-HVDS, as they have to be designed to clear normal frequency recovery
voltage, which is 73% higher.

Further, the current for a ground fault in PN-HVI)S is less than the current for a Phase to Phase
fault in PP-HVDS. Thus the over current devices for single phase lateral in PPHVDS are subjected to
higher interruptable duties than those of PN-HVDS. If interrupting devices of the same rating is used, the
devices in PN-HVDS show belter performance or longer life compared to those used in PP-HVDS.

4.4

Distribution Transformer Cost
The cost of single phase distribution transformer installation in PP-HVDS is higher than that of

PN-HVDS for the following reasons.



A transformer with a higher BIL is required in PP-HVDS.



The transformers in PP-HVDS need two high voltage bushings compared to one high voltage
bushing in PN-HVDS.



Surge arrestors of higher voltage ratings are required in PP-HVDS



The insulators of HV bushing in PN-HVDS transformer can be graded and high to low voltage
insulation can also be graded, where as this is not possible in PPHVDS resulting in higher cost of
transformer.



The PN-HVDS transformer requires one surge arrestor and one fuse compared to two arrestors
and two fuses for PP-HVDS.

4.5

Over Current and Over Voltage Protection of Distribution Transformer
In PP-HVDS, a fault to ground near the end of the high voltage winding of a single phase

distribution transformer results in the blowing of the fuse (at the transformer) in the phase supplying the
faulted end of the winding. The transformer fuse in the other phase would not blow, and the primary
winding would be energized at 57% of rated voltage. This results in reduced voltage in the secondary
system which can damage customer equipment. If the fuses are removed, it increases the probability of a
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disruptive failure in a distribution transformer if internal fault develops. In the PN-HVDS, sensitive over
current protection can be provided to single phase transformer using fuses. In the event of a transformer
fault, the secondary voltage will be zero after the fuse blows.

4.6

Security of low voltage system grounding
In PN-HVDS, the secondary neutral is grounded at each transformer as in the case of PP-HVDS

and in addition, the secondary neutral is also interconnected to primary neutral as a back up grounding.
Because of this arrangement resistance of secondary neutral to ground is not dependent upon adequacy of
ground connection at the particular transformer and it provides lower resistance of secondary neutral to
ground as the primary neutral is multi grounded.

The low resistance of secondary neutral to ground limits the secondary system phase to ground
(earth) potential rise, in the event of short circuit occurrence between primary phase and any part of the
secondary system. Typically such faults could occur because of insulation failure inside a distribution
transformer or if a primary conductor in an overhead system makes contact with a secondary conductor.

In PN-HVDS, the high-low fault results in high currents in the transformer primary fuse due to
low resistance to ground and fault is cleared rapidly and if any phase to ground over voltages occur in the
secondary, they are of short duration. In contrast, a high-low fault in the PP-HVDS, may not result in
adequate current to operate primary fuse clue to high resistance to ground and may cause dangerously
high secondary phase to ground voltages to persist.

4.7

Ferro resonance in single phase circuit
In PP-HVDS ferro resonance in single phase circuit can occur particularly in shielded cables,

under the operating conditions described. Consider energisation of a single phase lateral connected to
three phase main line through two fuse cutouts as shown in Fig. 1.3. First, one fuse cutout (FC1) is dosed
and then the other fuse cutout (FC2) is closed. During the time interval that FC1 is closed, FC2 is open,
the phase to phase connected distribution transformers are energized through the phase to ground
capacitance of the open phase and ferro resonance can occur if the transformer is lightly loaded or
unloaded. Whether this phenomena occurs or not depends upon several factors. In PNHVDS, there is no
possibility for occurrence of ferro resonance during single phase lateral switching or due to other
operations. The occurrence of ferro resonance has to be avoided as the associated over voltages can cause
insulation failures in distribution transformers, cables, switches and surge arrestors.
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4.8

Load Balancing & Ground fault relaying
In PN-HVDS, the zero sequence or residual current in the three phase feeder at the substation can

be excessive if adequate care is not exercised in connecting single phase laterals to the three phase
system. The ground relay pick up at the substation is set, such that it not only provides for down stream
protective devices co-ordination but also provides adequate margin for unbalanced neutral current. A
widely adopted procedure is to set it at 50% over current relay pick up. However unbalanced current can
be controlled easily by monitoring seasonal peaks, monthly peaks, random checks of phase wise load on
the feeder. In PP-HVDS, load at the substation automatically balances due to operation of system in delta.

4.9

Interference to Telephone circuits
The zero sequence harmonic currents in PN-HVDS flow to the source partially in neutral

conductor and partially in earth. Thus there can be longitudinal harmonic voltages induced into the
communication circuits, especially when telephone system uses the earth for a return path. But in practice
earth is not used as return path for telephone lines and the telephone interference is not a problem faced
by the utilities.

4.10

Surge arrestor cost
Voltage Ratings of the surge arrestors in PP-HVDS have to be higher than those used in PN-

HVDS. For example for 11 KV substations the surge arrestors of 9 KV are adequate for PN-HVDS,
whereas 11 KV voltage rated arrestors are required for PP-HVDS. The two factors contributing for the
high voltage rating are:



Ratio of zero sequence reactance to positive sequence reactance of PP-HVDS is typically about
50% higher than that of PN-HVDS system



The phase to neutral connected distribution transformer and the loads in PN-HVDS system help
to limit the voltage rise on unfaulted phase during ground faults.

Summing up, it is recommended to adopt PN-HVDS configurations in view of its numerous advantages.

4.11

Strategy for implementation
The strategy for implementation of high voltage distribution system can be broadly divided into

two parts. First part relates to extension of HVDS to meet new loads. This ensures that the new
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distribution system built is energy efficient. Second part relates to conversion of existing LV distribution
system to HVDS. The two parts are inter dependent and can be executed simultaneously.

4.12

Part-I of Strategy

The important problems likely to be encountered under this part are investigated and appropriate solutions
are presented.



Manufacture of small capacity single phase transformers which are robust and fail proof.



Integration of new HVDS with existing LVDS.



Running of continuous neutral wire.

4.13

Single Phase Transformers
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CHAPTER - 7
SPECIFICATIONS FOR DISTRIBUTION TRANSFORMERS UP TO 100
KVA

I. Distribution Transformers

1.

Outdoor Type Three-Phase 11 kV/433-250 V Distribution Transformers upto and including

100 kVA
This section covers oil-immersed, naturally cooled, three-phase, 50 Hz, double-would, outdoor
type distribution transformers of capacities 16,25,63 and 100 kVA for use on systems with nominal
voltages of 11 kV. Unless otherwise modified in this specification, the distribution transformers shall
comply with the latest versions of Indian Standard Specifications
IS : 1180 (Part I) and IS : 2026.

1.1

Standard Ratings
The standard ratings shall be 16,25,63 and 100 kVA.

1.2

No-Load Voltage Ratios
The no-load voltage ratios shall be as follows:

a.

11000/433-250 V for 16,25,63 and 100 kVA.

b.

10450/433-250 V for 100 kVA only, whenever specified.

1.3

Taps
No taps are to be provided in these transformers.

1.4

Winding Connections and Vectors

1.4.1 The primary winding shall be connected in delta and the secondary winding in star (vector symbols
Dy 11), so as to produce a positive displacement of 30 0C from the primary to the secondary vector of the
same phase. The neutral of the secondary winding shall be brought out to a separate insulated terminal.

1.5

Fittings
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The following standard fittings shall be provided.
a.

Two earthing terminals

b.

Oil level gauge indicating three positions of oil, marked as follows:
Minimum (-50C)
300C
Maximum (980C)

c.

Lifting lugs

d.

Rating and terminal marking plate(s)

e.

Silica gel or any other type of breather, as required by the purchaser.

f.

Drain-cum-sampling valve (steel) of the type shown in Figure 1 welded to the tank. The special
tool for operating this valve shall be supplied with the transformer.

g.

Thermometer pocket for 63 and 100 kVA units.

h.

Filling hole having P 11/4 thread (with cover) on the transformer body/conservator

i.

Bimetallic terminal connectors on the HV/LV bushings as per Figures 2 and 3.
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Fig 1: Details of drain-cum sampling valve
Fig.2: Bimetallic connector (HT) for 11 kV distribution transformers

1.

Aluminium alloy ‘A-11’ Connector grip cum-bolt (M-10 threads) with galvanised steel nut, plain
and spring washers to grip the conductor in horizontal and vertical directions.

2.

Aluminium alloy ‘A-11’ (IS : 617-1975) body.

3.

Epoxy seal to guard against atmospheric effects.

4.

High pressure fit joint between AI. Alloy and bronze components of the connector.

5.

High strength, corrosion resistant bronze body.

Note:
Type ‘A’ Connectors shall be used on the HT bushing terminals of conventional/sealed
transformers as also on transformers with internal HT fuses
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Fig. 3: Bimetallic connector (L.T.) for 11 kV distribution transformers

1.

Aluminium alloy ‘A-11’ conductor clamp

2.

Electric galvanized ‘U’ bolt M-6 size with plain and spring washers

3.

Al. alloy ‘A-11’ (IS : 617-1975) body of the connector

4.

Epoxy seal to guard against atmospheric effects

5.

High pressure fit joint between A1. Alloy and bronze components of the connector

6.

High strength, corrosion resistant bronze body.
L.T. connectors shown in Figure 3-Above shall be used on the L.T. bushing terminals of

`conventional/sealed/CSP transformers.

BIMETALLIC CONNECTORS FOR 11 KV DISTRIBUTION TRANSFORMERS

Sl. No

Test Requirements

HT

LT

1

Rated normal current rating

50 Amps.

200 Amps.

2

Short time current rating

3000 Amps. For 1 Sec.

3000 Amps.

3

Tensile Strength

110 Kg.

110 Kg.

4

Temperature rise test

The steady state temperature rise of connector
above the reference ambient temperature of 40 0C
when carrying rated current, shall not exceed
450C.

Type Tests

Acceptance Test

Routine Tests

a)

Tensile test

a)

Tensile test

a)

Visual examination

b)

Resistance test

b)

Resistance test

b)

Dimensional check

c)

Temperature rise test

c) Temperature rise test

d)

Short time current test

d) Dimensional check

e)

Dimensional check

Notes:
1.

Permissible tolerance shall be 5% on the dimensions indicated.
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2.

The minimum clearance between phase-to-phase shall be 25 mm and phase-to-earth 20 mm when
the connectors are fixed in position.

3.

All the above tests shall be carried out in accordance with IS: 5561-1970 or its latest version.

4.

Supplier of the transformer/connectors shall provide necessary testing facilities at his works for
the acceptance tests.

1.6

Conservators

1.6.1

On transformers of 63 and 100 kVA, the provision of conservator is obligatory and for 16 and 25
kVA transformers, the manufacturers may adopt their standard practices.

1.6.2

When a conservator is fitted, the oil gauge and the plain breathing device shall be fixed to the
conservator which shall also be provided with a drain plug and a filling hole with a cover. In
addition, the cover of the main tank shall be provided with an air release plug to enable trapped
air to be released unless the conservator is so located as to eliminate the possibility of air being
trapped in the main tank.

1.6.3

The inside diameter of the pipe connecting the conservator to the main tank shall be within 20 to
50 mm and it should project into the conservator in such a way that its end is approximately 20
mm above the bottom of the conservator, so as to create a sump for collection of impurities. The
minimum oil level (corresponding to – 500C)

1.7

Rating and Terminal Marking Plate(s)
Each transformer shall be provided with non-detachable rating and terminal marking plate(s) of

weather proof material, fitted in a visible position and showing the complete information as given under
clause 17 of IS : 1180 ( Part I) – 1981.

1.8

Limits of Temperature Rise

1.8.1

The temperature-rise shall be not exceed the limits of 550C (measured by resistance) for

transformer windings and 450C (measured by thermometer) in top oil when tested in accordance with IS:
2026.

1.9

Losses and Impedance Values

1.9.1

The no-load and load-losses shall not exceed the values given in the following table.

Kva

Load-losses as 750C (watts)

No-load losses (fixed loss) (watts)
63

16

80

475

25

100

685

63

180

1235

100

260

1760

These losses are maximum allowable and there would not be any plus tolerance.

1.9.2

Impedance: The recommended percentage impedance at 750C is 4.5 per cent, subject to a

tolerance as per IS: 2026.
1.9.3

Overflux in the transformer core shall be limited to 12.5 per cent to ensure that, in the event of

over voltage to the extent of 12.5 per cent the core does not get saturated. The supplier will furnish
necessary design data in support of this stipulation.

1.10

Tests and Inspection

1.10.1 Routine Tests: All transformers shall be subjected to routine tests at the manufactures works in
accordance with IS: 2026 and IS: 1180 (Part I).
The following tests are to be carried out:
a)

Measurement of winding resistance

b)

Measurement of voltage ration and check of voltage vector relationship

c)

Measurement of impedance voltage/short circuit impedance and load-loass.

d)

Measurement of no-load loss and current

e)

Measurement of insulation resistance

f)

Induced over-voltage withstand test

g)

Separate-source voltage withstand test.

1.10.2 Type Tests: In addition to the routine tests, the following type tests may be made as per details
given in IS 2026.
a)

Lightning impulse-test,

b)

Temperature-rise test

c)

Short-circuit test

d)

Air pressure test

e)

Unbalanced current test: the value of unbalance current indicated by the ammeter as shown in the
test arrangement in Figure 4 shall to be more than 2 per cent of the full load current.
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Fig. 4: Connection diagram for measurement of unbalanced current in distribution transformer
If records of a type test on a transformer, which in essential details is representative of the one being
purchased, are furnished, the purchaser may accept this as evidence of the type test instead of the actual
test.
1.10.3 The supplier shall furnish calculation in accordance with IS : 2026 to demonstrate the thermal
ability of the transformers to withstand short-circuit.
1.10.4 Inspection
1.10.4.1 All tests and inspection shall be made at the place of manufacture unless otherwise especially
agreed upon by the manufacturer and purchaser at the time of purchase. The manufacturer shall afford the
inspector representing the purchase all reasonable facilities, without charge to satisfy him that the material
is being furnished in accordance with this specification.
1.10.4.2 The purchaser has the right to have the tests carried out at his own cost by an independent agency
whenever there is dispute regarding the quality of supply.

1.11

Test Voltage

1.11.1 Transformers shall be capable of withstanding the power frequency and impulse test voltage
prescribed below:

1.12

Nominal

Highest

Impulse

Power

System

System

Test

Frequency

Voltage

Voltage

Voltage

Test voltage

11 kV rms

12 kV rms

75 kV peak

28 kV rms

Mounting Arrangements

The under-base of all transformers shall be provided with two 75x40 mm channels 460 mm long with
holes as shown in Figure 5 to make them suitable for fixing on a platform or plinth.
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1.13

Acknowledgement
Central Board of Irrigation and Power wishes to acknowledge the permission of Rural

Electrification Corporation to adopt their specifications for Rural Distribution Transformers.

II. Sealed Distribution Transformers
2.

Outdoor Type Three-Phase 11 kV/433-250 V Sealed Distribution Transformers upto and

including 100 kVA.
The section covers oil-immersed, naturally cooled, three-phase, 50 Hz, double-would, outdoor type sealed
distribution transformers of capacities 16,25,63 and 100 kVA for use on systems with nominal voltages of
11 kV. Unless otherwise modified in this specification, the sealed distribution transformers shall comply
with the latest versions of Indian Standard Specifications IS: 1180 Part II and IS : 2026.

2.1

Standard Ratings
This standard ratings shall be 16, 25, 63 and 100 kVA.

2.2

No-load Voltage Ratios
The no-load voltage ratios shall be follows:

a)

11000/433-250 V for 16, 25, 63 and 100 kVA.

b)

10450/433-250 V for 100 kVA, only whenever specified.

2.3

Taps
No taps are to be provided in these transformers.

2.4

Winding Connections in these transformers.
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2.4.1

The primary winding shall be connected in delta and the secondary winding in star (vector

symbols Dy 11), so as to produce a positive displacement of 30 0C from the primary to the secondary
vectors of the same phase. The neutral of the Secondary winding shall be brought out to a separate
insulated terminal.

2.5

Fittings
The following standard fittings shall be provided:

a)

Two earthing terminals

b)

Two lifting lugs

c)

Rating and terminal marking plate(s)

d)

Nitrogen/air filling device/pipe with welded cover capable of reuse.

e)

An extended pipe connection at the top with welded cover. The pipe shall be suitable threaded
over a sufficient length so that it may be possible to provide a refilling connection for oil after
removing the welded cover.

f)

Bimetallic Terminal Connectors on the HV/LV bushings as per Figures 1 and 2. No conservator
shall be provided on these transformers.

1. Aluminium alloy ‘A-11’ connector grip cum-balt(M-10 threads) with galvanised steel nut, plain spring
washers to grip the conductor in horizontal and vertical directions.
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2. Aluminum alloy ‘A-11’ (IS:617-1975) body
3. Epoxy seal to guard against atmospheric effects
4. High pressure fit joint between AL alloy bronze components of the connector
5. High strength, corrosion resistant bronze body

Note:
Type ‘A’ Connectors shall be used on the HT bushing terminals of conventional/seal transformers with
internal HT fuses

Fig1: Bimetallic connector (H.T) for 11kv distribution transformers

1. Aluminium alloy ‘A-11’ conductor clamp
2. Electric galvanized ‘U’ bolt M-6 size with plain and spring washers
3. Al.alloy ‘A-11’(IS:617-1975) body of the connector
4. Epoxy seal to guard against atmospheric effects
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5. High pressure fit joint between A1.alloy and bronze components of the connector
6. High strength, corrosion resistant bronze body
L.T. connectors shown in Figure 2-Above shall be used on the L.T. bushing terminals of
conventional/sealed/CSP transformers.

BIMETALLIC CONNECTORS FOR 11 kV DISTRIBUTION TRANSFORMERS
Sl. No

Test Requirements

HT

LT

1

Rated normal current rating

50 Amps.

200 Amps.

2

Short time current rating

3000 Amps. For 1 sec.

3000 Amps. For 1 sec.

3

Tensile Strength

110 kg

110 Kg.

4

Temperature rise test

The steady state temperature rise of Connector
above the reference ambient temperature of 400C
when carrying ratting rated current, shall not
exceed 450C.

Type Tests

Acceptance Test

Routine Tests

c)

Tensile test

b)

Tensile test

f)

Visual examination

d)

Resistance test

g)

Resistance test

c)

Dimensional check

h)

Temperature

rise c) Temperature rise

test

test
i)

Short time current

d) Dimensional check

test
j)

Dimensional check

Notes:
1.

Permissible tolerance shall be +5% on the dimensions indicated.

2.

The minimum clearance between phase-to-phase shall be 25 mm and phase-to-earth 20 mm when
the connectors are fixed in position.

3.

All the above tests shall be carried out in accordance with IS : 5561-1970 or its latest version.

4.

Supplier of the transformer/connector shall provide necessary testing facilities at his works for the
acceptance tests.

Fig. 2: Bimetallic connector (L.T.) for 11 kV distribution transformers
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2.6

Rating and Terminal Marking Plate(s)
Each Transformer shall be provided with Non-detachable rating and terminal marking plate(s) of

weather proof material, fitted in a visible position, showing the complete information as given under
clause 17 of IS : 1180 (Part I)-1981.

2.7

Limits of Temperature Rise

2.7.1

The temperature rise shall not exceed the limits of 550C (measured by resistance) for transformer

windings and 450C (measured by thermometer) in top oil when tested in accordance with IS: 2026.

2.8

Losses and Impedance Values

kVA

No-load loss(Fixed loss)(Watts)

Load-loss at 750C (Watts)

16

80

475

25

100

685

63

180

1235

100

260

1760

These losses are maximum allowable and there would not be any plus tolerance.

2.8.2

Impedance: The recommended percentage impedance at 750C is 4.5 per cent, subject to a

tolerance as per IS: 2026.

2.8.3

Overflux in the transformer core shall be limited to 12.5 per cent to ensure that, in the event of

over voltage to the extent of 12.5 per cent the core does not get saturated. The supplier will furnish
necessary design data in support of this stipulation.

2.9

Constructional Features

2.9.1

Terminal Arrangement: The terminal arrangement shall be such that it shall be possible to

replace the external porcelain bushing without opening the cover and also without affecting the sealing of
the transformer. The arrangement shall meet the following requirements:
i.

HV bushings shall be made in two parts. The Internal bushing shall be made of epoxy
porcelain and shall have embedded brass stem. For the epoxy bushing it shall be essential to
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make partial discharge test on each bushing as stipulated in IS : 2099. The outer porcelain
bushing shall conform to the requirements of IS : 3347. In the case of HV bushing, a separate
flexible inter-connecting copper lead shall be provided between the brass stems of the
internal and external porcelain bushings. The lead shall have adequate mechanical and
electrical strength and shall have brazed or soldered connection on the lower end of the upper
stem.
ii.

In case of LV bushing it is not necessary to make the bushings in two parts and only normal
porcelain bushings shall be used.

iii.

To achieve good scaling gaskets of good quality synthetic rubber shall be used and these
should be resistant to hot transformer oil.

iv.

The design of internal bushing shall be such as to provide adequate clearance creepage
distance in oil as given below:

v.

HV

LV

Phase-to-Phase

50 mm

14 mm

Phase-to-Earth

30 mm

14 mm

Creepage-to-Earth

75 mm

18 mm

The terminal arrangement shall not require a separate oil chamber not connected to oil in the
main tank.

vi.

Lower end of the insulated portion of internal 11 kV bushing shall remain dipped in oil under
all operating conditions.

Fig. 3 shows a typical arrangement of the terminal bushings. However, the supplier shall be free to adopt
a different arrangement provided it satisfies all the requirements of clause 2.9.1.
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Fig. 3 Typical H.V. and L.V. bushing arrangement for sealed distribution transformer

2.9.2

Tank Construction: The main tank of the transformer shall be made of good quality steel sheet

of adequate thickness, suitable stiffened, to provide sturdy and robust construction to withstand extreme
pressure conditions. The tank shall be capable of withstanding a pressure upt +0.8 kg/cm 2g and (-) kg/cm2
g (gauge pressure) without any deformation. The transformer cover shall be welded to the tank in such a
manner that it shall be possible to remove the weld and reweld the transformer at least twice.
2.9.3

Tank Sealing: The space on the top of the oil shall be filled either with nitrogen or dry air as

specified by the purchaser. The nitrogen/dry air plus the oil volume inside the tanks shall be such that
even under the extreme operating conditions, the pressure generated inside the tank does not exceed 0.4
kg/cm2 g positive or negative.

2.10

Tests and Inspection

2.10.1 Routine Tests: All transformers shall be subjected to the following routine tests at the
manufacturers works, in accordance with IS : 2026 and IS : 1180 (Part II), or as agreed upon between the
purchaser and the manufacturer.
a) Measurement of winding resistance
b) Measurement of voltage ration and check of voltage vector relationship.
c) Measurement of impedance voltage/short circuit impedance and load-losses.
d) Measurement of no-load losses and current
e) Measurement insulation resistance.
f) Induced over-voltage withstand test.
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g) Separate-source voltage withstand test.
h) Air Pressure Test: The transformer tank with welded lid end with all the fittings including bushings
in position shall be tested for leakage at pressure of 0.8 kg/cm2 g above atmospheric pressure maintained
inside the tank for 10 minutes. There should be no leakage at any joint.

Note: As the above test is required to be carried out before final sealing of the transformer, the inspecting
authority would ensure to be present at the time of final sealing to witness this test. The test cannot be
demonstrated on a completed transformer.

2.10.2 Type Tests: In addition to the routine tests a to g indicated under routine tests, the following
a) Unbalanced Current Test: The value of unbalanced current indicated by the ammeter as shown in the
test arrange in Figure 4 shall not be more than 2 per cent of the full load current.
b) Impulse voltage withstand test.
c) Temperature rise test.
d) Short-circuit test.
e) Air-Pressure Test : The Tank shall be fixed with a dummy cover with all fittings including bushings in
position and shall be subjected to following pressures created inside the tank:
i.

0.8 kg/cm2 g above atmospheric pressure for 30 minutes.

ii.

A vacuum corresponding to (-) 0.7 kg/cm2 g for 30 minutes.
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Permanent deflection of flat plate, after pressure has been released, shall not exceed the values given
below:
Length of plate upto

Deflection

750 mm

5 mm

751 to 1250 mm

6 mm

If records of a type on a transformer which, in essential details, is representative of the one being
purchased are furnished, the purchaser may accept this evidence of the type test instead of actual test.

2.10.3 The supplier shall furnish calculations in accordance with IS: 2026 to demonstrate the thermal
ability of the transformers to withstand short-circuit.

2.10.4 Inspection

2.10.4.1All tests and inspection shall be made at the place of manufacture unless otherwise especially
agreed upon by the manufacturer and purchaser at the time of purchase. The manufacturer shall afford the
inspector representing the purchaser all reasonable facilities, without charge, to satisfy him that the
material is being furnished in accordance with this specification.

2.10.4.2The purchaser has the right to have the tests carried out at his own cost by an independent agency
whenever there is dispute regarding the quality of supply.

2.11

Mounting Arrangement

The under-base of all transformers shall be provided with two 75x40 mm channels 460 mm long with
holes as shown in Figure 5 (at a centre-to-centre distance of 415 mm) to make them suitable for fixing on
a platform or plinth.

2.12

Acknowledgement

Central Board of Irrigation and Power wishes to acknowledge the permission of Rural Electrification
Corporation to adopt their specifications for Rural Distribution Transformers.
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COMPLETELY SELF-PROTECTED DISTRIBUTION TRANSFORMERS
1. Outdoor Type Three-phase 11 kV/433-250 V Completely Self-Protected Distribution
Transformers upto and including 100 kVA
The section covers oil-immersed, naturally cooled, three-phase, 50 Hz, double-would,
outdoor type completely self-protected (CSP) distribution transformers of capacities 16, 25, 63 and 100
kVA for use on systems with nominal voltages of 11 kV. Unless otherwise modified in this specification,
the CSP distribution transformers shall comply with the latest versions of Indian Standard Specifications
IS: 1180 (Part I and II) and IS: 2026. The transformers shall be equipped with circuit breakers on LT
side, 11 kV fuses and 11 kV lightning Arrestors on HV side as integral parts of the equipment.
1.1 Standard Ratings
The Standard ratings of CSP Transformers shall be 16, 25, 63 and 100 kVA.

1.2 No-load Voltage Ratios
The non-load voltage ratios shall be as follows:
a) 11000/433-250 V for 16,25,63 and 100 kVA.
b) 10450/433-250 V for 100 kVA only, wherever specified.

1.3 Taps
No taps are to provided in these transformers.
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1.4 Winding Connections and Vectors
4.1The primary winding shall be connected in delta and the secondary winding in star (Vector symbols
Dy 11), so as to produce a positive displacement of 30 0 from the primary to the secondary vectors of the
same phase. The neutral of the secondary winding shall be brought out to a separate insulated terminal.

1.5 Fittings
The following standard fittings shall be provided:
a) Two earthing terminals
b) Two Lifting lugs
c) Rating and terminal making plate (s)
d) Bimetallic Thermal Connector for HV/LV bushings as per Figures 1 to 5.
Additional fittings for non - sealed CSP type Distribution Transformers only.

e) Oil level gauge indicating three positions of oil marked as follows :
Minimum (-5°C)
30°C
Maximum (98°C)
f) Silica gel breather, or any other type of breather as required by the purchaser.
g) Drain-cum-sampling valve (steel) of the type as shown in Figure 6.
h) Thermometer pocket for 63 and 100 kVA units.
i) Filling hole having P1 1/4 thread (with cover) on the transformer body/conservator
Additional Fittings for Sealed CSP Transformers only.
j) Nitrogen/air filling device/pipe with welded cover capable of reuse.
k) An extended pipe connection at the top with welded cover. The pipe shall be suitably threaded over a
sufficient length so that it may be possible to provide a refilling connection after removing welded cover.
1.6

Conservator

1.6.1

In the case of sealed type distribution transformers, no conservator shall be provided. In the case

of non sealed distribution transformer of 63 and 100 kVA, the provisions of conservator is obligatory and
for 16 and 25 kVA transformers, the manufacturers may adopt their standard practices.
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1.6.2

When a conservator is fitted, the conservator shall be provided with a drain plug and a filling hole

a cover. In addition, the cover of the main tank shall be provided with an air released unless the
conservator is so located as to eliminate the possibility of air being trapped with the main tank.

1.6.3

The inside diameter of the pipe connecting the conservator to the main tank shall be within 20 to

50 mm and it should project into the conservator in such a way that its end is approximately 20 mm above
the bottom of the conservator, so as to create a sump for collection of impurities. The minimum oil level
(corresponding to -5°C) should be above the sump level.

1.7

Rating and Terminal Marking Plate(s)
Each transformer shall be provided with non - detachable rating and terminal marking plate(s) of

weather proof material, fitted in a visible position and showing the complete information as given under
clause 17 of IS : 1180 (Part I) 1981.
1.8

Limits of Temperature Rise

1.8.1

The temperature rise shall not exceed the limits of 55°C (measured by resistance) for transformer

windings and 45°C (measured by thermometer) in top oil when tested in accordance with IS : 2026.

1.9

Losses and Impedance Values

1.9.1

The no-load and load-losses shall not exceed the values given in the following table:

Kva

no-load loss

Load-Loss at

(Fixed loss) (Watts)

75°C (Watts)

16

80

475

25

100

685

63

180

1235

100

260

1760

These losses are maximum allowable and there would not be any plus tolerance.

1.9.2 Impedance: The recommended percentage impedance at 75°C is 4.5 per cent, subject to a tolerance
as per IS: 2026.

77

1.9.3 Overflux in the transformer core shall be limited to 12.5 per cent, to ensure that, in the event of over
voltage to the extent of 12.5 per cent the core does not get saturated. The supplier will furnish necessary
design data in support of this stipulation.

1.10 Constructional Features of Sealed Type Transformer
The terminal (double-bushing) arrangement and the transformer tank design/sealing in
respect of sealed type distribution transformers shall be in accordance with clause 9 of Central Board of
Irrigation and Power's specification on outdoor type three-phase 11kV/433-250 V sealed Distribution
Transformers upto and include 100kVA.

1.11 L.T. Circuit Breakers

Aluminium alloy 'A-II' connector grip cum-bolt (M-IO threads) with galvanised steel nut, plain and
spring washers to grip the conductor in horizontal and vertical directions.
1. Aluminium alloy 'A-II' (IS:617-1975)body
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2. Epoxy seal to guard against atmospheric effects
3. High Pressure fit joint between AL alloy and bronze components of the connector.
4. High strength, corrosion resistant bronze body
Fig: 1 and 2 (Types A and B) : Bimetallic connector (H.T.) for 11kV distribution transformers

1. Aluminium alloy 'A-11' conductor clamp
2. Electric galvonized 'U' bolt M-6 size with plain and spring washers
3. Al. alloy 'A-11' (IS : 617 - 1975) body of the connector
4. Epoxy seal to guard against atmospheric effects
5. High pressure fit joint between Al. alloy and components of the connector
6. High strength, corrosion resistant bronze body
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L.T. Connectors shown in Figure 3 - above shall be used on the H.T. bushing terminals of
conventional/sealed/CSP transformers. Figure 4 - Shows application of these connectors on C.S.P
transformers.
Fig. 3 and 4 Bimetallic connector (L.T.) for 11 kV distribution transformers.

Application of H. T. Connectors
Type 'A' connectors shall be used on the HT bushing terminals on CSP transformers with internal H. T.
fuses.
Type 'B' Connectors shall be used on the CSP transformers with external H.T. fuses as shown in the
Figure above.
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BIMETALLIC CONNECTORS FOR 11 kV DISTRIBUTION TRANSFORMERS
Test Requirements

HT

LT

1.

Rated normal current rating

50 Amps.

200 Amps.

2.

Short time current rating

3000 Amps.

3000 Amps.

for 1 sec.

for 1 sec.

110 kg.

110 kg.

3.

Tensile Strength

The steady state temperature rise of connector above the
reference ambient temperature of 40°C when carrying rated
current shall not exceed 45°C.

Type Test

Acceptance Test

Routine Test

1.

Tensile Test

(a)

Tensile test

(a)

Visual examination

2.

Resistance Test

(b)

Resistance test

(b)

Dimensional check

3.

Temperature rise test

(c)

Temperature rise test

4.

Short time current test

(d)

Dimensional check

5.

Dimensional check

Notes:
1.

Permissible tolerance shall be ±5% on the dimensions indicated.

2.

The minimum clearance between phase-to-phase shall be 25 mm and phase to phase 20mm when
the connectors are in fixed position.

3.

All the above tests shall be carried out in accordance with IS : 5561 - 1970 or its latest version.

4.

Supplier of the transformer/connector shall provide necessary testing facilities at his works for the
acceptance tests.

Fig 5: Bimetallic connectors for 11kV distribution transformers.
Fig 6: Details of drain - cum-sampling valve

1.11.1 The transformer shall be fitted with an LT circuit breaker which shall be either mounted
externally in an enclosure conforming to IP-34 (IS : 2147) forming an integral part of the transformer or
provided inside the transformer tank. In the former case, only moulded case circuit breakers shall be used.
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1.11.2 The circuit breaker shall be capable of being operated from the ground level by means of a
suitable operating rod. For this purpose, an operating hook shall be provided on the transformer tank in a
suitable position for easy and safe operation of the circuit breaker from ground level.

1.11.3 In case of LT circuit breaker mounted internally the outgoing terminals of the circuit breaker shall
be connected to the LT bushings of the transformer through internal connections as in ordinary
transformers. In the case of circuit breakers mounted externally, suitable inter-connections will be
Provided in the enclosure from the LT bushings to the incoming terminals of the LT circuit breaker. The
terminal block and other wiring to be provided in the enclosure for connections to the out-going cable
shall conform to specification of LT Circuit breaker (Annexure - I).

1.11.4 For the externally mounted LT circuit Breakers, the current setting, the time - current
characteristics and all other relevant electrical / mechanical features including test requirements shall
conform to the specification of LT Circuit Breaker (Annexure - I) except that the reference calibration
temperature for the time current characteristics shall be 50°C. A suitable insulating shield shall be
provided at the back of the enclosure to minimize the transfer of heat from transformer tank to the Circuit
Breaker enclosure.

1.11.5 In the case internally mounted Circuit Breakers (oil-immersed) the time / current characteristics)
as per specification of LT Circuit Breakers (Annexure - I) shall not be applicable. All the other relevant
provisions of the said specification shall, however, be applicable. The standard characteristics of such
breakers will be as per REC specification.

1.12

11kV Lighting Arrestors

1.12.1 A set of lighting arrestors shall be mounted on the transformer, clamping it securely to the tank.

1.12.2 The characteristics of the lighting arrestors and all test requirements shall conform to the
specification of Lighting Arrestors (Annexure - II).

1.12.3 11 kV Fuse Arrangement.

82

1.13.1 Till adequate experience on the CSP Transformer is available and suitable designs are developed,
the 11kV fuse-tube (preferably made of fibre glass) shall normally be connected externally between the
terminals of the lighting arrestors and the HV bushings. The fuse-tube shall be secured in position by a
flipper arrangement as shown in Figure 7. This arrangement facilities indication of the blown - out fuse
(the flipper strip moves back due to spring action). The arrangement shall be such that the fuse-tube
remains in position when the fuse element inside the fuse-tube blows-off. The details of this arrangement
are left to the manufactures till more practical experience is gained
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Fig. 7: Arrangement for CSP transformer

1.13.2 Alternatively, the purchaser has the option to accept the provision of internal fuses (mounted inside
the bushings). In this case, it will be absolutely to ensure that the fuses will blow off only in the case of an
internal fault in the transformer and all external faults in the LT system will be cleared by the LT Circuit
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Breakers only. This will call for the use of Circuit Breakers of proven design and use of proper rating
fuses.

1.14 Coordination of 11 kV Fuses and LT Circuit Breaker
Coordination of 11 kV fuses with the LT Circuit Breaker is the most important feature of a CSP
transformer and shall be properly tested and provided. The supplier shall furnish the time / current
characteristics of LT circuit breaker and 11 kV fuse for various current multiples as per specification of
LT Circuit Breaker (Annexure - I). The two characteristics shall be based on the same sheet to indicate
coordination between the circuit breaker and fuse. This shall be based on the type test carried out on one
of the transformer. In addition, the supplier shall carry out coordination test, as indicated above, on
minimum one transformer out of every 50 transformers and this will form an Acceptance Test by the
purchaser.

Note: In case test facilities for carrying out the co-ordination test by loading the transformers are not
available, the Coordination test can be made on the fuse and Circuit Breaker independently without
loading the transformer, While the time/current characteristics of Externally Mounted Circuit Breaker
shall correspond to 50°C, the characteristics curves for internally mounted Circuit Breaker shall be drawn
of two reference temperature 20°C and 50°C to ensure the proper Coordination with H.T. Fuse.

1.15 Tests and Inspection

1.15.1 Routine Tests: All Transformers shall be subjected to routine tests at the manufacturers works in
accordance with IS: 2026 and IS: 1180 (Part - I and II)
The following tests are to be carried out
a)

Measurement of winding resistance

b)

Measurement of voltage ration and check of voltage vector relationship

c)

Measurement of Impedance voltage /short circuit impedance and Load

d)

Measurement of No-load loss and current

e)

Measurement of Insulation resistance

f)

Induced over-voltage withstand test

g)

Separate –source voltage withstand test

h)

Co-ordination test as per clause 14 above

i)

Air Pressure Test (for Sealed Transformers only.)
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The transformer tank with welded lid and with all the fittings including bushings in position shall
be tested for leakage at a pressure of 0.8kg/cm2 g above atmospheric pressure maintained inside the tank
for 10 minutes. There should be no leakage at any point.

Note: As the above test is required to be carried out before final sealing of the transformer, the inspecting
authority would ensure to be present at the time of final sealing to witness this test. The test cannot be
demonstrated on a completed transformer.

1.15.2 Type Tests: In addition to the routine tests, (indicated under a to h) the following type tests may
be made as per details given in IS:2026.
(a) Lightning impulse –test
(b) Temperature –rise test
(C ) Short-circuit test
(d) Air Pressure test: The tank shall be fixed with a dummy cover with all fittings including
bushings in position and shall be subjected to following pressure created inside the tank:
(i) 0.8 kg/cm2 g above atmospheric pressure for 30 minutes
(ii) A vacuum corresponding to (-) 0.7 kg/cm2 g for 30 minutes (for sealed transformers only)

Permanent deflection of flat plate, after pressure has been released, shall not exceed the values given
below:
Length of place Deflection
Upto 750 mm

5mm

750 to 1250 mm

6mm

If records of a type test on a transformer which in essential details, is representative of the one being
purchased, are furnished, the purchaser may accept this as evidence of the type test instead of actual test.

(e)

Unbalanced current test: The value of unbalance current indicated by the ammeter as shown in

the test arrangement in Figure 8 shall not be more than 2 per cent of the full load current.
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Fig 8: Connection diagram for measurement of unbalanced current in distribution transformer

If records of a type tests on a transformer, which in essential, details is representative of the type
test instead of the actual test.

1.15.3. The supplier shall furnish calculations in accordance with IS: 2026 to demonstrate the thermal
ability of the transformers to withstand short-circuit.

1.15.4. Inspection

1.15.4.1 All tests and inspection shall be made at the place of manufacture unless otherwise especially
agreed upon by the manufacture and purchaser at the time of purchase. The manufacture shall afford the
inspector representing the purchaser all reasonable facilities, without charge to satisfy him that the
material is being furnished in accordance with the specification.

1.15.4.2. The purchaser has the right to have the test carried out at his own cost by an independent agency
whenever there is dispute regarding the quality of supply.

1.16 Mounting Arrangements
The under-base of all transformers shall be provided with two 75x 40 mm channels 460 mm long
with holes as shown in Figure 9 to make them suitable for fixing on a platform or Plinth.
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1.17 Acknowledgement
Central Board of Irrigation and Power wishes to acknowledge the permission of Rural
Electrification Corporation to adopt their specifications for Rural Distribution Transformers.

LT CIRCUIT BRIBERS

1.

Scope
This specification covers 3-pole, 50 Hz, A.C. LT' circuit breakers suitable for protection of

distribution transformers in rural electrification system.

2. Applicable Standards
Unless otherwise modified in this specification, the circuit breakers shall comply filth the
following Indian Standards or latest versions there of:
(i) IS: 8828-1978 (miniature circuit breakers)
(ii) IS: 2516 (part I and II/Sec. 1) – (1985/1980) moulded case and conventional circuit breakers)

3. Number of Poles
Unless otherwise specifically required by the Purchaser to suit specific needs, such as lightning
loads, the circuit breakers for transformer protection shall have triple pole construction sat that all the
three poles close or trip simultaneously.
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4. Rated Voltage
The rated voltage to ~ circuit breakers shall be. 415 V.

5.

Current Setting

5.1 The standard current settings of the circuit breakers for use with transformers of different rating shall
be as follows:
Transformer rating
(kVA)
16
25

Current setting
(Amps)
22
35

63

90

100

140

5.2 The above standard current setting shall also apply if the circuit breakers are used for controlling
individual LT feeders. An additional setting of 50 Amps. can also be adopted for the feeder breakers,
where required.

Note: In case circuit breakers are used only on individual feeders emanating from a transformer and there
is no separate breaker on the secondary side of the transformer, the combined capacity of the feeder
breakers, should not normally exceed the full load current, of the transformer. It should also be ensured
that short circuit breaking capacity of the feeder breakers is not less than that replated for the-'transforrner
with which these are used (see clause 7).

6.

Time/Current Characteristic

6.1 The circuit breakers shall have the following time/current characteristic

Multiple of normal current setting

Tripping time

1.05

More than 2.5 hrs

1.1

Less than 2.5 hrs

1.15

More than 1 hr. and less than 2 hrs

1.2

More than1/2 hour and less than 1 hr.

1.3

Less than 20 minutes
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1.4

Less than 10 minute

2.5

Less than 1 minute

6.0

Less than 5 second

8.0

Less than 40 milli second

12.0

Instantaneous (less than 20 milli second)

6.2 For the time/current characteristic, reference calibration temperature of the breakers shall be 40°C.
Dearation, if any, upto 50°C operating temperature (in the enclosures shall not exceed 10% of the current
settings indicated in clause 6.1 above.

7.

Rated Shor-Circuit Breaking Capacity

7.1 The rated short circuit breaking capacity of the circuit breakers shall be as follows:

Transformer rating
(KVA)

Rated short circuit breaking
Capacity of the circuit breaker (KA)

16

2.5 KA or above

25

2.5 KA or above

63

3KA or above

100

5 KA or above

7.2 The short circuit breaking capacity, as specified in clause 7.1 above, shall be based on the short circuit
test carried out at 0.4 power factor. For the purpose of this test, the following operating sequence shall be
followed:
Break-3 minutes interval-make break-3 minutes interval-make break.
While the above stipulations regarding the test power factor and the sequence of operation shall be
binding, other procedure for making the short circuit and the test circuit etc., shall generally be in
accordance with the Indian Standard applicable to the type of circuit breaker under test.
8 General

8.1 The metallic portions of the~"mechanism shall be either inherently resistant to or so treated as to
make them resistant to the atmospheric corrosion.

8.2 The circuit breakers shall have trip-free mechanism.
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8.3 The breakers should clearly indicate 'ON' and 'OFF' positions in red and green colour respectively.

9. Enclosure

9.1 The circuit breaker shall be housed in a separate enclosure. With the lid closed, the enclosure shall,
comply with the requirements of IP 44 type as per IS: 2147-1962 or the latest version thereof. Access to
the circuit breaker including operating handle shall be available only after the enclosure is opened.

9.2 Suitable vent(s) fitted with wire gauge shall be provided to ensure that the temperature inside the
enclosure is not substantially different from that of the atmosphere.

9.3 Fixing of circuit breaker inside the enclosure shall be such as to allow free circulation of air at its back
and sides.

9.4 Cover of the enclosure 'shall be so provided that it can not be left in open position and it gets latched
when closed manually. In addition to the latch, an arrangement for providing pad-lock shall be made.

9.5 The enclosure shall be made of sheet steel of not less than 0.9 mm thickness.

9.6 The enclosure shall be painted both inside and outside with suitable weather-proof and corrosion
resistant enamel paint. The colour of the inside paint shall be white, while that of the outer paint shall be
dark admiralty grey.

9.7 Necessary fixing arrangement (to be' specified by purchaser) shall be provided at the back of the
enclosure to ensure proper fixing on RCC/PCC pole by means of suitable clamp(s).,
10. Terminals and Wiring

10.1 A suitable terminal block shall be provided in the enclosure for termination of in-coming and out
going cables in order to prevent direct pressure on the circuit breaker terminals. The enclosure shall be
fully wired up with insulated copper wires suitable for ratings mentioned in clause 5 to connect the
outgoing' and in-coming terminals of the circuit breaker to the terminal black by means of crimped lugs.
The wires should have adequate clearance for each other and from the enclosure body. Necessary spacers,
cleats etc. may be provided for this purpose.

91

Alternatively, extended type of terminals shall be provided with the circuit breakers which should be quite
sturdy and of adequate current carrying capacity. The central terminal shall be at a different level to
ensure adequate clearances between terminals.

10.2 Terminal ends (lugs) of adequate size to connect the in-coming and out-going cable to the terminal
block extended term, finals shall be provided by the supplier to facilitate proper connections of cables at
the site. The lugs 'shall conform to IS: 8309. The sizes of lugs for various current settings of the circuit
breakers are indicated below:

Circuit Beakers

Size of PVC

Terminal and Designation as

Current Setting

4-core Aluminum Cable

per IS; 8309

10 mm2

22A

CCA-10

35A

16 mm2

50A

2

CCA-25

2

CCA-16

25 mm

90A

70 mm

CCA-70

140A

150 mm2

CCA-150

10.3 Necessary provision shall be made in the enclosure for a separate neutral link capable of isolation, to
which incoming and out-going neutral conductors can be connected. The neutral link shall have a strong
insulating base. Terminal ends (lugs) of adequate size shall be provided for this purpose. The design of
neutral link shall be such that all the incoming terminals (including nutral) are more or less in a line.
Likewise, the four out-going terminal shall be in a line.

10.4 A suitable insulating shield shall be provided in the enclosure to guard against accidental touching of
the live parts while operating the breaker.

10.5 The bottom plate of the enclosure shall be Blade detachable to facilitate crimping of lugs to the cable
ends and for convenience in making connections. The plate shall be provided with two holes suitable for
the cable sizes indicated in clause 10.2 above.

11. Earthing
The assembly comprising of the enclosure; framework and the circuit breaker shall be provided
with an earthing terminal readily accessible and of adequate size. -The earthing terminal shall be clearly
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marked with appropriate sign. One of the two fixing bolts of the enclosure shall be used for providing
secured earthing connection.

12. Tests
All routine and type tests shall be carried out on the circuit breaker in accordance with the
relevant Indian Standard. However, the short circuit test shall be carried out as per clause 7.2 above.

13. Inspection
All tests and- inspection shall be made-at the place of manufacture unless otherwise especially
agreed upon by the manufacturer and purchaser. The manufacturer shall afford the inspector (representing
the purchaser) all reasonable -facilities, without charge, to satisfy him that the material is being supplied
in accordance with this specification.

11 kV LIGHTING ARRESTORS
1. Scope
This specification covers non-linear resistor type lightning arrestors for use in effectively earthed
rural distribution system with a nominal voltage of 11- kV.
2. Applicable Standards
Unless otherwise modified in this specification, the lightning arrestors-shall comply with the
Indian Standards Specification IS: 3070 (PT-I}1985 or the latest version thereof.
3. Voltage Rating
The rated voltage of lightning arrestors shall be 9 kV (rrns). This will be applicable to the
effectively earthed 11 kV system (co-efficient of earth not exceeding 80 percent as per IS: 4004) with all
the transformer neutrals directly earthed.

4. Nominal Discharge Current Rating
The nominal discharge current rating of the lightning arrestors shall be 5 ka.
5. Guarantee
The manufacturer shall guarantee satisfactory performance of the lightning arrestors for a period
of 12 months from the date of installation or 18 months from the date of receipt by the purchaser,
whichever is earlier.
6. Tests
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6.0 The following routine and type tests as laid down in IS ~ 3070-(Part-1) 1974 shall be carried out.
6.1 Routine Test
Dry Power-frequency spark over test.
6.2 Type Tests
(a)

Voltage withstand tests of arrestor insulation

(b)

Power-frequency spark over tests

(c)

Hundred per cent 1.2/50 microsecond impulse spark over test.

(d)

Front-of-wave impulse sparks over test.

(e)

Residual voltage test

(f)

Impulse current withstands tests.

(g)

Operating duty test

(h)

Temperature cycle test on porcelain housing

(i)

Porosity test on porcelain components

(j)

Galvanizing test on metal parts

7. Inspection
7.1 All tests and inspection shall be made at the place of manufacture unless otherwise especially agreed
upon by the manufacturer and purchaser at the time of purchase. The manufacturer shall afford the
inspector representing the purchaser all reasonable -facilities, without charge, to' satisfy him that the
material is being furnished in accordance with this specification.
7.2 The purchaser has the right to have the tests carried out at his own cost by an indepedent agency
whenever there is dispute regarding the quality of supply.
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CHAPTER – 8
SPECIFICATIONS FOR DISTRIBUTION TRANSFORMERS ABOVE
100KVA
The section covering distribution transformers above 100 kVA forms a part of C.B.I. & P.
Manual on transformers covering specifications for power and distribution transformers. This section
does not purport to include all the necessary provisions of a contract. For general requirements, tests,
erection, maintenance and commissioning, reference shall be made to sections A, J. & K of the Manual.

1. General
The transformers shall conform to IS: 2026 specification for Power Transformers. In addition to
file Indian Standards Specifications mentioned in Section K, this section refers to the following
specifications:
IS: 2099: Bushing for alternating voltage
IS: 3347: Dimensions for porcelain transformers bushing
IS: 335: New insulating oil for transformer and switchgears

2. Standard Ratings
kVA

Voltage Ratio

160
200
250
315
500

11000/433

630
1000
1600
2000
630
1000

33000/433

1600
2000
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3. Type of Cooling
The transformers shall be oil immersed with natural air circulation type-ONAN.

4. Insulation Levels

Voltage

Impulse voltage (kV Peak)

Power Frequency Voltage (kV)

433

-

3

11000

75

28

33000

170

70

5. Tappings and Tap Changing

5.1

Tappings shall be provided ~ the higher voltage winding for variation of HV

voltage

as

under .
Voltage ratio

Range of variation

11000/433

+ 3 to - 9 percent

33000/433

+ 3 to - 9 percent

5.2

Tap changing shall be carried out by means of an off circuit externally operated self-positioning

switch and when the transformer IS in deenergised condition. Switch Position No. 1 shall correspond to
the maximum plus tapping. Each tap change shall result in variation of 3 percent in voltage. Provision
shall be made for locking the tap changing switch handle in position.

6. Winding Connections
HV - Delta,

LV - star

Vector Symbol - Dy 11

7. Winding Conductor Material
Winding conductor material shall be Aluminum or copper. Statutory directives prohibiting use of
copper shall also be taken into account. The copper/aluminum used shall be double paper covered with
50% percent overlap.
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8. Losses and Impedance
(Subject to tolerance as per IS 2026)

Rating

Voltage

No-ioad

ratio

loss

loss *

(Watts)

Load

-

Impedance*

(Percent)

(Volts

(Watts)

160

425

3000

5

200

570

3300

5

250

620

3700

5

315

800

4600

5

1100

6500

5

630

1200

7500

5

1000

1800

11000

5

1600

2400

15500

5

2000

3000

20000

6

630

1450

7500

5

2200

11500

5

1600

3000

16000

6.25

2000

3500

21000

6.25

500

1000

(kYA)

1 l000/433

33000/433

*Correspond to reference temperature of 75°C

9. Overfluxing
The transformer shall be suitable for overfluxing (due to combined effect of voltage and
frequency) up to 10 percent on any tapping without injurious heating at full load conditions.

The maximum flux density in any part of the core under such condition shall not exceed 1.9 Tea
10. Terminals The terminals shall be provided as under-:

kVA

Voltage

1

2

Details of terminals
3
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All ratings

11000

(a) 12 kV porcelain bushings as per IS: 3347
for normally polluted i atmosphere, or
(b) 3 p IG air or compound filled cable box suitable
for 3 cores XLPE, PILC aluminium cables upto 225mm2

All ratings

33000

(a) 36 kV porcelain bushings as per IS: 3347 for normally
polluted atmosphere, or
(b) 30 1G air or compound filled cable box suitable for 3
core XLPE PILC aluminiurn cable upto 225 mm2.

160/200

433

4p 1G air filled cable box suitable for 31/2 core 135 mm2
PVC aluminium cable.

250

433

4p IG air filled cable box suitable for 3 core 400 mm2
PVC aluminium cable

315

433

4 p 2G air filled cable box suitable for 3 1/2 core 400mm2 500
PVC aluminium cable.

630

433

4p 4G air filled cable box suitable for 31/2 core 400mm2
PVC aluminium cable.

I000

433

4p 6G air filled cable box suitable for 3l/2 core 400mm2
PVC aluminium cable.

1600

433

4p 21G air filled cable box suitable for 1 core 1000 mime
PVC aluminium cable.

2000

433

4p 28G air filled cable box suitable for 1 core 1000 rmn^2
PVG aluminium cable.

Notes:
(i) Alternatively 433 volt terminal could be provided with 1.1 kV bushing as per IS: 3747 for normally
polluted atmosphere
(ii) Alternatively 433 volts terminal case provided with 1.1 kV bushing suitable for bus duct connections
(iii) P and G denote 'Pole' and 'Gland' respectively
(iv) Epoxy may also be used as the filling medium instead of bitumen compound.

11. Loading
In accordance with IS: 6600-1972, the transformer-shall be capable of being overloaded as per
guidance given in IS: 6600-1972.
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CHAPTER – 9
TRANSFORMER OIL CHARACTERISTICS
New Oil:
Unused oils complying with the requirements of IS - 335 standard are considered to be
compatible with one another and may be mixed in any proportion. This provision does not, however,
apply to inhibited oils. Used oils are not mixed. New oil may be added -as make - up only, not exceeding
about 10%.

IS 335 specifies the requirements for unused uninhibited oil free from anti-oxidant additives as
delivered in bulk, such as tank wagons and road tankers, or drums, suitable for immersion or f fling of
transformers, switchgear and certain other electrical equipment in which oil is required as an insulant or
for heat transfer.

Characteristics: The characteristics of the oil when it is sampled and tested in accordance shall comply
with the requirements specified in the following table:
.
SCHEDULE OF CHARACTERISTICS.
Characteristics

IS 335

1. Appearance: A representative sample- of the Clear transparent free from suspended matter
oil shall be examined on a 100-mm thick layer or sediments
at 27°C
2. Density at 27°C g/cm3 (Max)

0.89

3.Kinematic Viscosity,cSt,at 27ºC (Max)

27

4. Interfacial Tension, Newton/M at 27°C 0.04
(Min)
5. Flash Point, Pensky-Martin (close), °C (Min)

140

6.Pour Point, ºC (Max)

-6

7. Neutralisation Value
(a) Total Acidity, mg KOH/gm(Max}

0.03

(b ) Inorganic Aciditiy/alkalinity

-

(a)New unfiltered oil(Min)

30

99

(b) After flltration(Min)

60

10. Dielectric dissipation factor (tan ᶞ)

0.002

@90°C(Max)
11.Specific Resistance (Resistivity),Ohm-cm
35x1012

(a) At 90°C(Min)

1500x1012

(b) At 27°C (Min)

12. Oxidation Stability: as per Appendix B of IS:335

(a)

Neutraliz tion value, after oxidation 0.4

for 164 Hrs,@ 100ºC, mg KOH/gm (Max)
(b)

Total

Sludge,

164

Hrs 0.1

@100°C, Wt % (Max)
13. Aging Characterstic after accelerated aging
(a)

Specific resistance at 27ºC

2.5x1012ohms-cm(min)

(b)

Specific resistance at 90ºC

0.2x1012 ohms-cm(min)

(c)

Dielecrtric dissipation factor tanᶞ at 0.2 (max)

90ºC
(d)

Total acidity

0.05 mg KOH/g(max)

(e)

Total Sludge

0.05% by weight (max)

(f)

Water content

50 ppm (max)

(g)

The oil shall contain anti oxident additives

Significance of important Characterstics:
1. Freedom from dust particles, moisture and impurities: - Fresh oil has pale clear yellow
colour. A dark colour or a cloudy appearance indicates deterioration. It should be free from
suspended particles, water-soluble acids and bases, active sulphur or colloidal carbon. These
impurities lower dielectric strength. Moisture in oil causes internal flashover.
2.Viscosity: - Viscosity indicates fluidity. Oil with low viscosity has more fluidity and improves
cooling. At lower temperatures, viscosity sharply rises and the rate of circulation reduces. Hence
viscosity-has to be measured at various temperatures.
3. Flash point: - This is the temperature at which combustible gases are emitted by the oil in such
a concentration that there is a possibility of the same being ignited. Higher flash point (145°C) is
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preferred. For flash point lower than 135°C the oil tends to evaporate rapidly at full load,
viscosity rises and the total volume reduces.
4. Pour point: - This is the temperature at which the oil just starts flowing and has its importance
in cold countries.

5. Electric strength or breakdown voltage: - This is the voltage required to obtain a flashover
in the oil between two electrodes of specified shape placed at a certain distance from each other.
This is an indicator of the purity from moisture conducting particles, organic acids and other
electrolytes.

6. Resistance: - Resistance against aging is the ability of the oil to maintain its properties for a
long time as an insulating and cooling medium. Due to aging, the oxidation process increases, oil
darkens, acidity increases and finally insoluble sludge is formed damaging the oil.

Packing:
Oil may be delivered in steel drums of 200 to 210 1itre capacity. The drums shall be
effectively sealed to exclude moisture. Oil may also be delivered in tank cars/wagons, which shall
be suitably sealed to exclude moisture.

Oil Deterioration:
The deterioration of insulating oils is generally due to oxidation, especially under
conditions of prolonged high temperature operation. The rate of acid and sludge formation is
considerably increased if the temperature is allowed to rise above 75°C. Experience has shown
that the rate of chemical reaction is doubled for every 8 to 10°C rise in oil temperature above
75°C. The rate of deterioration is, therefore, affected by design of equipment manufacture and the
operating conditions particularly the load cycle, ambient temperature and other atmospheric
conditions.

Sampling from transformer in service:
These are best taken under light load or no load conditions. Samples of oil should be
drawn from transformers while the oil is warm.
Before samples taken on site, it is essential that the outlet be first thoroughly cleaned.
The outlet should be flushed by drawing off a sufficiency quantity of oil.
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Samples from Oil Drums:
Before taking samples from an oil drum the drum shall have been allowed to stand
with the bung vertically upwards for at least 24 hours. A clean glass or brass tube long enough to
reach within 15 mm of the lowermost part of the drum should be inserted, keeping the uppermost
end of the tube tightly closed with the thumb. The thumb should then be removed to allow oil to
enter the bottom of the tube. The first two samples should be discarded. Thereafter, the samples
should be released into a suitable receptacle.

Inspection of sample:
Visual inspection of the oil gives the following information:
a) Cloudiness: This may be due to suspended moisture or sediments like oxides or sludge. This
can be detected by crackle test.
b) Acid smell: This indicates presence of volatile acids.
c) Color: This indicates the stage of aging. For example,
Pale yellow

: Good oils

Yellow

: Proposition “A” oils

Bright yellow

: Marginal oils

Brown.

: Very bad oils

Dark brown

: Extremely bad oils

Black

: Disastrous condition

Dark brown indicates dissolved asphaltenes and green color indicates presence of copper compounds.
The following contaminants can be determined by the tests:
Water

: Karl Fischer method

Sediment and sludge

: Chemical analysis as per IS: 1866

Acids

: Neutralization value

Polar substances

: Fall of values of dielectric dissipation factor. Specific
resistance and interracial tension

Dissolved gases

: Gas chromatography

Dissolved hydrocarbons

: Flash point test
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Recommended limits for mineral oils filled in new Power Transformer:
________________________________________________________________________
Property

Highest voltage of equipment (kV)
<72.5

72.5 to 170

>170 Appearance :

Clear free from sediment and suspended matter

-Density @ 29.5°C (g/cc) max

0.89

-Viscosity @ 270C max Flash point °C min
°C max

0.89
27

140

0.89
27

27 -Pour point

140

140

-6

-6

-6

0.01

0.01

0.01

20

15

10

0.015

0.015

-Neutralization value (mg KOH/g) max
-Water content PPM max
-Interfacial tension mN/m min
-Dielectric dissipation factor at 90°C
@ 40 to 60 HZ max
-Resistivity at 90°Cohm-cm min

6x1012

-Breakdown voltage kV min

40

6x1012
50

0.015
6x1012
60

-Oxidation stability of uninhabited oil
i)

Neutralization value (mg KOH/g) max

0.4

0.4

ii)

Sludge % by mass Max

0.1

0.1

iii)

Oxidation stability of inhabited oil

Similar values before filling
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0.4
0.1

CHAPTER - 10
ERECTION, TESTING, COMMISSIONING OF 11KV/ 433 VOLTS
DISTRIBUTION TRANSFORMERS

The three phase Distribution Transformers are dispatched from the manufacturer completely
dried, and filled with oil under vacuum and assembled and in some cases sealed and with all the routine
tests carried out satisfactorily before dispatch. The Transformers are received at the site stores in Trucks
and unloaded using cranes. The Transformers must be erected at site as soon as possible. The
Transformers received at site must be visually checked for Oil leakages, any dents of tank, cooling tubes,
cleanliness/ damage to HV/LV/Neutral Bushings and any damages promptly notified to the Manufacturer
and Insurance co.

Such Transformers when they are received at the stores of the customer are usually tested at the
time of receipt at stores for IR Values, winding continuity tests and Ratio and also back energized from
433 volts side applying 433 volts on LV side

Any abnormality noticed during such tests is promptly notified to the Manufacturer. The
Transformer should be unloaded or loaded by using the appropriate lifting lugs provided for the purpose
on the tank and in no case the lugs provided for the top cover should be used for this purpose. The present
day practice is to erect the transformer on plinths erected adjacent to a single 11kv pole fitted with an Air
Break switch, drop out fuses, Lightning Arrestors, cables and connections. In all big towns where facility
is available, mobile crane is used for erection. However in Rural areas and remote unapproachable places
and also the Transformers are erected using Derrick poles and chain pulley blocks. Wherever Double pole
structures are existing, the Transformers are erected duly fixing a chain Pulley Block on the top of the DP
Structure after taking a Line Clear on the Incoming 11kv Line. It should be ensured before erection that
the Plinth/Structure is leveled. The AB switch mounting structure, the operating handle and all the LAs’
earth points are connected to earth.

The site tests that are done before commissioning the transformer:
(a) Insulation resistance test using a 500 volts megger for LV winding and a 1000 volts megger for the
HV winding (if 11kv)
(b)Ratio and Oil samples Tests for BDV should be done before transport to site.
(c) Winding continuity tested by using an accurate Micro ohm meter.
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(d)The earth resistance is checked for satisfactory values (less than 1 ohm).
Transformer Body is connected at two places to two distinct earth electrodes. All the connections
are checked for tightness. The transformer body and bushings are cleaned, proper size of Horn Gap Fuse
and LT sectional fuses are ensured (the LT fuses are removed before energizing for the first time). After
ensuring that all the Tests and checks are satisfactory, the transformer is energized by closing the 11kv
AB switch. It should be ensured that all the three blades are closed properly. After energizing the
transformer, the humming is observed, the LT phase to phase and phase to neutral voltages are checked
for satisfactory balanced values relevant to the tap of the Off Load Tap Changer and the transformer is
loaded by providing appropriate Fuse in the LT circuits.
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CHAPTER - 11
DISTRIBUTION TRANSFORMERS - INSTALLATION
INTRODUCTION:
The distribution transformers standardized by REC for use in RE works are 16,25 and 100 KVA
11/0.433 kV. The size of the transformer to be used depends upon the proposed connected load to be
carried by it.

Selection of Site:
The main points to be borne in mind while selecting a site for distribution substation are as
follows:
It should be as near the load centre as feasible.
b) It should be far away from obstructions to permit easy and safe approach of HT

OH

transmission lines.
c) It should be easily accessible by road as far as possible to facilitate transport of
equipments.
d) It should be easily approachable and visible from a distance to prevent

pilferage by

miscreants.

Sub-station Structure:
The distribution sub-station structure shall conform to REC construction standards F-1 toF-4.
The earthing of the equipment and structure shall confirm REC construction standards F-5.

Transportation and Handling:
a) Transformer should be lifted by the lugs or shackles provided for the purpose.
b) Shifting arrangement should not cause unbalance of the transformer during lifting. The slings, lifting
tackles should have adequate strength to handle the weight.
c) While making turnings or going up or down inclines with loaded vehicles, over speeding should never
be resorted to.
d) While hoisting the transformer on double pole structure, safety precautions by way of fixing additional
clamps and bolts should be resorted to.
e) Ready made slings should be kept handy.
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Protection of Distribution Transformer:
The life expectancy of distribution transformer is much dependant on right type of protection
provided to it.
The following protections are normally provided.
i) AB switch and HG fuses/dropout fuses on HV' side ( l l KV) for isolation and

protection. .

ii) Low cost circuit breaker or LT switch with fuse- on: the LT side of the transformer for
isolating and protection against feeder faults.
The size of the tinned copper fuse wire for use on HV & LV side of the transformer should be as
follows:
Size of K.Fuse
Capacity
KVA

11 KV

LV

mm (SWG)

mm (SWG)

25 KVA

0.160 (38)

0.800 (21)

63 KVA

0.224 (34)

2 of 1.25 (18)

100 KVA

0.315 (30)

2 of 1.40 (17)
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CHAPTER – 12
RECOMMENDED MAINTANANCE SCHEDULE FOR TRANSFORMERS
OF CAPACITIES LESS THAN 1000 KVA

MAINTENANCE SCHEDULE
TABLE I
RECOMMENDED MAINTANANCE SCHEDULE FOR TRANSFORMERS OF CAPACITIES
LESS THAN 1000 KVA

SI.

Inspection

No

Frequency

(1)

(2)

1.

Hourly

Items to be Inspected

Inspection Notes

Action required if inspection
shows unsatisfactory conditions

(3)
i.

(4)
Load (amperes)

(5)

Check

against

rated ---

figures
ii. Temperature

Oil

temperature

and ---

ambient temperature
iii. Voltage

Check

against

rated ---

figures
2.

3.

Daily

Monthly

Dehydrating breather

i. Oil level in transformer

ii. Connections
4.

Quarterly

Bushings

Check that air-passage If the silicagel is pink, change by
are clear. Check colour

spare charge. The old charge may

of active agent

reactivated for use again.

Check transformer oil If low, top up with dry oil.
level

Examine transformer for leaks.

Check tightness

If loose, tighten.

Examine for cracks and Clean or replace
dirt deposists

5.

Half- yearly

i. Non-conservator
transformer
ii. Cable boxes, gasketed

Check

for

moisture Improve ventilation, check oil.

under cover.
Inspect

joints, gauges and general
paint work
6.

Yearly

i. Oil in transformer

Check
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for

dielectric

Take suitable action to restore

strength

and

content.

Check

water

quality of oil

for

acidity and sludge.
ii. Earth resistance

iii. Relays,

Take suitable actions if earth

---

alarms

their

circuits, etc.

Examine

resistance is high.
relay

alarm contacts,

and Clean the components and replace
their

operations, fuses, etc.

contacts and fuses if necessary.
Change the setting, if necessary.

check relay accuracy,
etc.
7.

2 yearly

Non

–

transformers
8.

5 Yearly

conservator

Internal
above core
Overall

---

inspection Filter oil regardless of condition.

inspection Wash by hosing down with clean

including lifting of core dry oil.
and coils

Note: when inspection of core and coils are to be done, it is recommended the manufacturer be consulted.

109

CHAPTER - 13
RECOMMENDED MAINTANANCE SCHEDULE FOR TRANSFORMERS
OF CAPACITIES OF 1000 KVA AND ABOVE

MAINTENANCE SCHEDULE
TABLE II
RECOMMENDED MAINTANANCE SCHEDULE FOR TRANSFORMERS OF CAPACITIES
OF 1000 KVA AND ABOVE
SI.

Inspection

Items to be Inspected

No

Frequency

(1)

(2)

(3)

1.

Hourly

i. Ambient temperature

Inspection Notes

Action required if inspection
shows unsatisfactory conditions

(4)

(5)
---

ii. Winding Temperature

Check that temperature rise is Shut down the transformer and in

iii. Oil Temperature

reasonable

vestigate if either is persistently
higher than normal

iv. Load (amperes)

Check against rated figures

---

v. Voltage
2.

Daily

i. Oil level in transformer

Check against transformer oil If low, top up with dry oil,
level

ii. Oil level in bushing

examine transformer for leaks.

---

iii. Leakage of water into
into cooler
iv. Relief diaphragm

---

Replace if cracked or broken.

v. Dehydrating breather

Check that air passages are free.

If silicagel is pink, change by

Check colour of active agent.

spare charge. The old charge may
be reactivated for use again.

3.

Quarterly

i. Bushing

Examine for cracks and dirt Clean or replace.
deposits

ii. Oil in transformer

iii. Cooler fan bearings,

Check for dielectric strength Take suitable action to restore
and water content

quality of oil

Lubricate bearings.

Replace burnt or worn contacts or

motors and operating Check
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gear

box.

Examine other parts.

mechanisms

contacts. Check manual control
and interlocks.

iv. OLTC

Check oil in OLTC driving
mechanisms

v. Indoor transformers
4.

Half- yearly

5.

Yearly

Oil cooler

Check ventilation
Test for pressure

i. Oil in transformer

Check for acidity and sludge.

Filter or replace

ii. Oil filled bushings

Test oil

Filter or replace.

(or earlier if, the
transformer

can

conveniently

be

taken

for

out

checking)

iii. Gasket Joints

Tighten the bolts evenly to avoid

---

iv. Cable boxes

uneven pressure.

Check for sealing arrangements Replace gasket, if leaking
for

filling

holes.

Examine

compound for cracks
SI.

Inspection

No

Frequency

(1)

(2)

Items to be Inspected

Action required if inspection
shows unsatisfactory conditions

(3)

Hourly

Inspection Notes

v. Surge diverter

(4)

and Examine for cracks and dirt Clean or replace

gaps
vi. Relays, alarms, their
circuits, etc.

(5)

deposits
Examine

relay

and

alarm Clean the components and replace

contracts, their operation, fuses contacts and fuses. If necessary.
etc. check relay accuracy. Etc.

vii. Earth resistance

Change the setting, if necessary.
Take suitable action, if earth
resistance is high.

6.

a)

b)

5 yearly
7 – 10

1000 to 3000 kVA

Above 3000 kVA

Overall

inspection including Wash by hosing down with clean

lifting of core and coils

dry oil

-do-

-do-

yearly
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Note :
With respect to on-load tap changers, the manufacturer’s

1.
recommendation should be followed.
2.

The silicagel may be reactivated by heating it to 150 to 200°C.

3.

Every time the drying medium is changed, oil seal should also be changed.

4.

No work should be done on any transformer unless it is disconnected from all external circuits and the tank and all

windings have been solidly earthed.
5.

In case of anything abnormal occurring during service, maker’s advice should be obtained, giving him complete

particulars as to the nature and the extent of occurrence, together with the name plate particulars in order to assist
identification.

TABLE III
TROUBLE SHOOTING CHART FOR ALL TRANSFORMERS

Rise

Trouble

Cause

Remedy

(1)

(2)

(3)

in

Change the circuit voltage or transformer connection to avoid –

Temperature

High Temperatures

Over Voltage

excitation

Over current

If possible, reduce load. Heating can often be reduced by
improving power factor of load. Check parallel circuits for
circulating currents which may be caused by improper ratios or
impedances. See Electrical Troubles, below.

High ambient temperatures.

Either improve ventilation or relocate transformer in lower
ambient temperature.

Insufficient cooling

If unit is artificially cooled, make sure cooling is adequate.

Lower liquid level

Fill to proper level

Sludged oil

Use filter press to wash off core and coils. Filter oil to remove
sludge.

Short – circuited core

Test for exciting current and no load loss. If high, inspect core
and repair. See Electricals Troubles below

Electrical Troubles
Winding failure

Lightning,
Overload

short-circuit Usually, when a transformer winding fails, the transformer is
automatically disconnected from the power source by the
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opening of the supply breaker or fuse.
Trouble
(1)
Core failure

Cause

Remedy

(2)

(3)

Foreign material

Smoke or cooling liquid may be

Core- insulation breakdown

expelled

from

the

case,

(Core bolt, clamps or between accompanied by noise. When
lamination)

there is any such evidence of a
winding failure, the transformer
should not be re-energized at full
rated voltage, because this might
result

in

additional

internal

damage. Also it would introduce
a fire hazard in transformers.
After observation from both
source and load, the following
observations

and

tests

are

recommended.
(a)

External

mechanical

or

electrical damage to bushing,
leads, potheads.
(b) Level of insulating liquid in
all compartments
(c) Temperature of insulating
liquid

wherever

it

can

be

measured.
(d) Evidence of leakage of
insulating

liquid

or

sealing

compound.

High exciting current

Short-circuited core

Test core loss. If high, it is
probably due to a shot-circuited
core. Test core insulation. Repair
if damaged. If laminations are
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welded
Open core joints

together,

refer

to

manufacturer. Core-loss test will
show no appreciable increase.
Pound

joints

together

and

retightens clamping structure.

Incorrect voltage

Improper ratio

Change

terminal-board

connection or ratio-adjuster
Position to give correct voltage.
Supply voltage abnormal

Change

tap

connections

or

readjust supply voltage.
Audible internal arcing and radio

Isolated metallic part

Interference

The

source

should

be

immediately determined. Make
certain

that

all

normally

grounded parts are grounded,
such as the clamps and core.
Loose connections

Same as above. Tighten all
connections.

Low liquid level, exposing live Maintain proper liquid level.
parts
Bushing flash over

Lightning

Provide

adequate

lightning

protection.
Dirty bushings

Clean

bushing

porcelains,

frequency depending on dirt
accumulation.
Mechanical Troubles

Foreign material in threads

Leakage through screw joints
Oval nipples

Make tight screw joints or gasket

Poor threads

joints

Improper assembly
Leakage at gasket

Poor scarfed joints
Insufficient or uneven
Compression

Make tight screw joints or gasket

Improper preparation of gaskets

joints
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and gasket surfaces
Leakage in welds

Shipping strains, imperfect weld

Repair leaks in welds

Pressure-relief diaphragm cracked

Improper assembly

Replace

Mechanical damage.

inside of pipe for evidence of

diaphragm.

Inspect

rust of moisture. Be sure to dry
out transformer if there is a
chance that drops of water may
have settled directly on windings
or other vulnerable locations, as
oil test may not always reveal
presence of free water.
Pressure-relief diaphragm

Internal fault

Ruptured

TABLE III (Contd.)

Trouble

Cause
(1)

Remedy
(2)

(3)

Mechanical Troubles
In

conservator

Check to see that value

transformer- obstructed between conservator and tank
oil flow or breathing.

is open and that ventilator on

In gas-seal transformer- conservator is not blocked.
obstructed

pressure Make certain that relief valve

relief valve.

functions and that valves in

In sealed transformer- discharge line are open.
liquid level too high

Liquid

level

should

be

adjusted to that corresponding
with liquid temperature to
allow

ample

space

expansion of liquid.
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for

Moisture condensation in open-type

Improper or insufficient

Make sure that all ventilator

transformers and air filled compartments

Ventilators

openings are free.

Moisture condensation in sealed transfor-

Cracked diaphragm

See

mers

remedies

cracked

above

and

for

ruptured

diaphragms.
Moisture in oil
Audio noise

Leaky

Filter oil

gaskets

and Make certain all joints are

joints.

tight. Tighten loose parts.

Accessories and external In some cases parts may be
transformer parts are set

stressed into resonant state.

into resonant vibration Releasing
giving off loud noise

pressure

and

shimming will remedy this
condition.

Rusting and deterioration of paint finish

Abraded surfaces and Bare metal of mechanical
weathering

parts should be covered with
grease.

Fractured metal or porcelain parts of bushings

Unusual strains placed Cable and bus-bars attached
on terminal connections

to

transformer

should

be

terminals
adequately

supported. In the case of
heavy

leads,

connections

flexible

should

be

provided to remove strain on
the terminal and bushing
porcelain.

Oil Troubles

Condensation in open Make certain that ventilating

Low dielectric strength

type transformers from openings are unobstructed.
improper ventilation
Broken relief diaphragm

Replace diaphragm.

Leaks

Regasket, if necessary

around

cover

accessories
Leaky cooling coil
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Test cooling coil and repair.

Badly discoloured oil

Contaminated

by Retain

varnishes

oil

if

dielectric

strength is satisfactory

Carbonized oil due to
switching
Winding or core failure
Oxidation (Sludge or acidity)

Exposure to air

‘Wash down’ core and coils
and tank. Filter and reclaim or
replace oil.

High
temperatures
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operating Same as above. Either reduce
load or improve cooling.

CHAPTER - 14
EARTHING OF DISTRIBUTION TRANSFORMERS

1.

Three earth pits with their earth electrodes forming the vertices of an equilateral triangle of a side

of 6500mm with D.P. structure on one of the sides. Each Electrode shall be ‘A’ grade GI pipe of 50 mm
thick and 8ft. Long and buried vertically leaving about 4 inch above ground level for fixing a ‘u’ shaped
clamp.

a)

For one of the earth pits on either side of the D.P. One direct connection each from earth side of

HT and LT LAs

b)

Earth pit-2 one connection with 4 sq.mm(8SWG) from the neutral bushing other connection.

c)

Earth pit-3 from all non current carrying parts of the structure, from the earthing terminal of the

pole, from transformer tank body earth and operating handle of the 11 kv AB switch.

d)

For each equipment/item two earth connections with 4 sq.mm earthing conductor, on either side

of the transformer.

e)

Earth lead of Protecting LAs shall be directly connected to the tank body earth

f)

All the three earth pits shall be interconnected

g)

All

h)

All earth leads shall be 4 sq.mm GI wires

the

A.B.

Switch

operating

handles

to

be

provided

with

coiled

earth

Joints:a)

There shall be no joints in the earth leads/ conductors en-route to earth electrodes

b)

If

c)

They shall be painted with bituminous paint.

joints

are

unavoidable,

they

shall
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be

brazed,

riveted

and

welded
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CHAPTER - 15
TRANSFORMERS FAILURES – CAUSES AND REMEDIAL MEASURES

From the study of the various causes of failures of a transformer, it is easy to know what is to be
done to prevent them. The various probable causes of failures and the preventive maintenance necessary
are given below:

The transformer mainly consists:
1. Magnetic Circuits
2. Electrical Circuits
3. Insulation (Dielectric) materials
4. Tank, Oil etc.

In any electrical plant, a failure in one part renders the whole equipment unfit for service.
The faults that may lead to transformer failure can be mainly classified as follows and these often
react on one another. It becomes most difficult to identify between the reason and the consequence. Most
evidence is lost in the very nature of the failure of the equipment.
1. Failures due to mechanical damages (about 5% failures are on account of these
and can be rectified quickly, if spares are available).
2. Failures due to poor dielectric comprising of oil and deterioration of major
insulation.
3. Failures due to damages in windings which include, coils, minor insulation,
terminal gear (70 to 80% failures are on account of this).
4. Failures due to defective magnetic circuits (cases are negligible).

All these may occur due to:
a) Defective manufactures (poor design, faulty materials and bad workmanship).
b) Defective or abnormal operation (careless dry out, careless installation, inadequate
supervision & maintenance and sustained abnormal operating conditions)
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Failure due to mechanical damages:
They are generally (l) oil leaks (2) Flash over of bushings.

1) The welding of the main tank may be defective and also the fittings may be leaky. This causes
oil to leak and cause heating of windings and a possible breakdown of equipment. Rough handling during
transit may also contribute to leaks. The gaskets etc., used at each of the flanges fittings and main covers
should be properly placed secure and uniformly tightened.

2) Deposits of coal dust, saline or chemicals on the bushings may cause a flash over. Applying of
silicon compound as a thin layer on the bushings results in protects the bushings from flash over due to
such deposits. This has been successfully tried atsome of the important substations,, where difficulty due
to chemicals depositing on the insulators was being minimised.

3) Paralleling of transformers with slight differences in ratios and percentage impedences may
cause undue overloading of one of them. resulting in excessive heating and consequent breakdown. It is
important that the difference in impedence percentages of transformer to be parallel does not exceed 8 to
10% (maximum).

4) Sufficient place around a transformer to dissipate heat must be provided. If two transformers
are kept very close the oil temperature increases endangering coil insulation.

5) Vapour at the top of an oil cooled transformer may be explosive. Bringing naked lamps at the
places may cause damage.

6) In water cooled transformers, the tubes may get clogged and the coil may get heated up. They
have to be therefore cleaned periodically.

Failure in Di-electric Circuits:
1. Moisture entering the tank during "breathing action" of the transformer when breather is not
properly maintained reduces the dielectric strength of the oil. This results in breakdown from coils or
terminal lead to at or core structures. The greatest danger is however the inter turn short in the coils.
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2. Deterioration of oil may also be due to prolonged overloading of the transformer. This action is
aggravated by presence of copper and lead. When oil temperature increases, formation of sludge, water
and acid is accelerated.
Safe Values for oils:
Di-electric Strength : 30 KV for 1 minute (between gap of 4 mm or 0. 178")
Acidity

: Upto 0.7 milligrams of KOH per gram of oil-satisfactory.

Above this value

: Careful observation on the acidity value is to be made by frequent sampling.

When this reaches 1.0, the oil is to be

discarded.

3. During service certain amount of oil gets lost due to evaporation and oxidation. Periodical
topping up oil with fresh filtered tested oil is necessary, otherwise the unit gets overheated.

4. Narrow oil ducts & improper ventilation reduce the serviceable life of a transformer. Coil
insulation turns brittle and may get punctured on account of this.

5. Sometimes the clearance provided between phases in insufficient. Also insertion of press board
barriers may aggravate, as they may upset the dielectric stress to throw too much stress across the coil
spaces and across the barriers.

6. Wooden ducts provided for taking the terminal leads over them should be properly dried.
Otherwise these may cause short circuit between tapping leads.

7. Suspended foreign particles reduce the di- electric strength of the insulating oil and may cause
a flash over resulting in serious breakdown of the transformer.

8. When the acidity value of the oil increases, it will promote oxidation of the metal parts and
results in a breakdown.

Faults in Electric Circuits:
1. When moisture manages to ingress through the fabric insulation of the coils, short circuits
between turns occur sooner or later. Impregnation of coils by applying varnish so that it penetrates deep
enough to the inner layers of the coils is to be ensured. Failures from this cause are most common.
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2. Presence of sharp edges on the copper conductors may cause a short circuit between adjacent
turns when the transformer vibrates on load or when the windings are subjected to repeated electro
magnetic shocks due to short circuit or switching surges.

3. One or more turns in a coil may get dislodged and a short circuit between them may result
when heavy external short circuit occurs and if the same is not cleared by fuses in time. Breakdown may
not immediately occur but when the transformer vibrates on load with the dislodged coils, abrasion of
insulation between adjacent dislodged coils may take place causing a break down.
4. Improper drying out and applying full voltage with poor I.R. values will result in failure of
insulation between adjacent layers.
The safe I.R. values for a 33/11 KV Power Transformer and a 11 kV / 433 V Distribution
Transformers are given below.
I.R. Values in MΩ (to be taken with a 1000 V megger)
Temperature

33/11 kV Transformer

(in degree C)

HT to E
MΩ

LT to E
MΩ

1 I kV/433 V Transformer
HT to LT

HT to E

MΩ

MΩ

LT to E
MΩ

HT to LT
MΩ

60 degree C

65

25

65

50

25

50

50 degree C

130

50

130

100

50

100

40 degree C

> 200

>100

>260

>200

> 100

>200

30 degree C

250

250

200

100

200

200

*Nearer to infinity as can be read in

Nearer to infinity as can be

the megger

read in the megger

*Whenever readings are taken at ambient temperature, the temperature also is to be noted.
5. Sudden changes in load cause sudden expansion and contraction of conductor and is likely to
damage the insulation fabric.
6. Where individual coils (H.V.) are designed to have too great a radial depth compared to its
height, hot spots may develop in the interior of the coils due to inadequate oil passage allowed. The
insulation becomes brittle and short circuit between turns may result
7. Overheat on load occurs at badly soldered joints and oil gets carbonized locally. The heat at
the- joints will be conducted to a certain length in the copper coil and the insulation may get carbonized to
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a little extent resulting in a short circuit between turns. The joint itself, may give way causing an open
circuit.
8. When external short circuit occurs, the coils get displaced violently as a result of the internal
imbalance in electromagnetic conditions.
9. Sustained heavy overloads produce high temperature through out the transformer. The coil
insulation becomes brittle and in the course of time flakes off the conductors at places resulting in short
circuit between turns. The deposits again cause excessive heating making it a cumulative effect.
Transformers with a high ratio of copper losses to iron losses can little withstand overload and are
therefore more liable to fail on account of sustained overloading.
10. The tap adjusting leads should be carefully handled to ensure that wrong leads are not joined.
Otherwise part of windings may get short circuited and heavy currents circulate in the short circuited
windings which would produce a fault between turns.
Whenever H.G. fuse in one of the phases blows off and supply continued through the other two
phases, it is injurious to transformer as well as the 3 phase motors of consumers. Immediate cutting of the
transformer from service and renewal of the H.G. fuse is necessary.
11. It is to be ensured that bolted joints and all connections are tightly secured and locked lest
they should become loose in service due to vibrations produced and such joints get heated up rapidly.
12. The transformers for use on large systems are generally provided with adjustable coil
clamping device for the purpose of taking up any shrinkage of insulation which may occur under service.
This adjustment is to be made with utmost skill lest undue mechanical pressure may be exerted on the
windings and a few conductors may get dislodged resulting in short circuit between them.
13. Short circuit between turns, breakdown of insulation of windings to earth and puncture of
insulation may take place due to the following transient phenomena:


Lightning surges reaching the transformer usually damage the coils as they take the brunt of
the shock.



Excessive voltage set up by surges may be accentuated at open tapping, at any point of
change of surge impendence like at the termination of conductor reinforcement where
employed; spare- between series coils, at the neutral or midpoint. Extra insulation is to be
provided at these places. Employment insulation is to be provided at these points.
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Failures in Magnetic Circuits:
1. The laminations are clamped together by inserting bolts through cores and-yokes. The bolts
'are provided with insulation around them which may give way. This tantamount to a short circuit in
laminations causing local eddy currents. When this trouble occurs in two bolts simultaneously, they form
a shod circuited path through which magnetic flux passes.
If one of the bolts situated at the ends of the limb fail simultaneously with an adjacent bolt in the
yokes; the path between the two bolts is threaded by almost the entire value of the magnetic flux when
passing from the core to the yoke. The heat generated is so severe to cause a distortion of the whole core
and a resultant short circuit between turns of adjacent windings.
2. Failure may occur of insulation between laminations and insulation between yoke and
clamping bolts. The nature of damage is similar to the one explained in the foregoing paragraph. This
registers an increase in the from losses of the transformer.
3. Core clamping bolts should be securely tightened and locked lest vibrations should set up
causing damage of core insulation and produce failures as explained above.
4. Care should be taken to ensure that the edges of the core and yoke lamination do not -develop
burns which-produce local short circuit in the lamination.
5. No metallic filings should be allowed to be present in between laminations in a finished
transformer which cause short circuit.
It can be therefore be seen that:
1. Almost all the parts in a transformer are liable to failure. On opening a failed transformer it is
often very difficult to say definitely the reasons for the failure as all evidence is eliminated by the very
nature of the breakdown. Consequently the cause of a failure is only a matter of guess. At best a close
idea of the real cause may be obtained by a careful study of the transformer and the operating conditions
obtaining at the time of failure of transformer and also the weather conditions. It is therefore necessary
that these particulars are recorded accurately.
2. Careful design and construction on the part of the manufacturers, without subordinating quality
to competition in market is necessary. On the part of the purchasers also the economics behind the
purchase should not be arrived at by cost alone but by performance guarantees.
3. Timely preventive maintenance is the back bone for safe and efficient operation of any
electrical plant. The maintenance schedules as well as the construction standards drawn up are exhaustive
enough to detect and prevent a possible failure ahead. If these are adhered by the utilities, it should be
possible to reduce the failures to a large extent.
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CHAPTER - 16
CLASSIFICATION OF FAILURES OF DISTRIBUTION
TRANSFORMERS
Classification of Failures of Distribution Transformers

Major

Minor

1.

Insulation failure

1.

Oil Sample not Satisfactory

2.

Damage to HT Coil

2.

Lead connections cut of

3.

Damage to LT Coil

3.

Worn-out Bushing rods

4.

Damage to Core & Laminations

4.

Broken Bushings

5.

Failure of Tap switch &

5.

Gasket leakage

Tap arrangement

6.

Welding leakage

7.

Leakage thro’ values

8.

Broken guage glass

9.

Broken vent diaphragm

10.

Worn out Breather

Care to be exercised to Avoid Failure:
In Manufacturing Stage

In Transport and

In Working Conditions

1.Proper insulation arrangement

1. Safe handling during transport

1. Maintenance of oil level

and erection
2.

Mechanical

rigidity

to 2.Adoption

of

standards

for

2. Maintenance of breather with

withstand heavy forces

erection of transformer structure

silicagel &oil seal

3. Adequate cooling arrangement

3. Standard construction of LT

3.Periodical testing of IR values

lines
4. Adequate quantity of oil for

4.Periodical tests on transformer

insulation & cooling
5.

Maintaining

atmospheric

5.Earth resistance values and

pressure inside with pure air

earth maintenance

6. Rigid fixing of core-coil unit

6. Keeping standard voltage &

inside main-tank.

frequency at load terminals.
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7.Pucca earthing of core & other

7.Maintaining LAs to prevent

metallic parts

damage due to surges
8.Maintaining LT system
9.Keeping the loading within the
limits

Examination of failed Distribution Transformers

External check up

Internal Physical Verification

Healthiness Test

1.Oil level and quantity available

1.Conditions of HT coils in all

1.By injecting 15V on LV side &

the three phases

measuring stack voltage of HT
coil

2.Places of oil leakage

2.Checkup of lead connection 2.By injecting 15/03 volt in
from coil(Delta & Star Points)

between one LV phase & Neutral
and measuring voltage of stack
on corresponding HT phase coils
and on other phase HT coils

3.Condition

of

Breather

& 3.Condition of core

Silicagel

3. Short circuit test by injecting
400v on HV side & short
circuiting the LV

4.Condition

of

Bushing

& 4. Condition of Tap switch and

Bushing rods

connections

5.Condition of vent Diaphragm

5.Condition of core earthing

6.condition of Valves

6.Presence of sludge & moisture
in oil & physical condition of oil

7.IR Value & continuity
8.BDV Test on oil
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CHAPTER - 17
CASE STUDIES ON AVERTING DISTRIBUTION TRANSFORMER
FAILURE

CASE STUDIES ON AVERTING DISTRIBUTION TRANSFORMER FAILURE

Details of Defects

Observation at Lab

Noticed at Field

Probable Cause for the Rectification Done and
Defects

Suggestions to Avoid
Recurrence in Future

Case 1:

Case 1:

All 3 HG Fuses blow HT

Leads

Case 1:

Case 1:

insulation Conservator Oil level Insulation

out slowly after 1Hour

near top of bushing below bushing rod.

(Examined at Field)

found charred

changed.

Sleeves
Higher

oil

Absence of oil around level was asked to be
caused heating of leads

maintained. This is a
manufacturing
and

company

defect
was

addressed.

Case 2:

Case 2:

Case 2:

Oil spurt out (Similar

B Phase end windings Lighting surges entered Coil rewound and sent.

happening on previous

(Top and Bottom found and caused shattering.

The

transformers also)

shattered)

was also in same “B”

(Area prone to lighting)

Case 2:

previous

failure

Phase.
Asked to examine HT
LA of “B” Phase. All
three LAs changed and
no

such

thereafter.
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failure

Case 3:

Case 3:

Case 3:

Case 3:

Undue heating in LT

“R” Phase rod inside Connection

Rod. “R” Ph. Rod worn connection loosened

due

out and Insulation tape

handling

charred.

during

loosened Connections

to

improper
of

and

tightened

sent

bushing Advised
jumper

for

use.

to

use

checknuts and proper

connections.

handling.

Case 4:

Case 4:

Case 4:

Case 4:

L. T. Voltage

Neutral

Bushing Improper handling of

Measured – Ok.

Connection

loosened neutral bushing during right and sent for use.

But

found

drop

in inside.

meggering

Neutral Connection set

Advised

to

voltage when load is

bushing

connections

connected

properly.

Case 5:

Case 5:

Case 5:

LT Voltage – Ok.

LT & HT connection Examined the soldered Defective

Case 5:

But Load in “R” Phase found alright. No visual connections
could not be loaded.

handle

“R”

resoldered and found

defect. SC test revealed Phase and found “R”

OK. Improper soldering

no current in R Phase,

Phase

gave way during use.

full current in neutral.

connection improper.
(not

in

connections

bottom

completely

delta

cut)

Case 6:

Case 6:

Case 6:

HG Fuse in all 3 phases

Inter turn short in R Suspected

blown out.

Phase – 3 stack.

absorption of moisture.

removed. Core with LT

Y Phase – 4th stack

Oil

coil placed in Hot Air

rd

Case 6:

sample

heavy All

not

good

stacks

B Phase – 2nd & 3rd satisfactory. Crackle test

Chamber

stack

Failed coils replaced.

proved positive.

Put

into

and

dried.

use

circulation and test.
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after

Case 7:
HG

Case 7:

Fuse

Case 7:

Case 7:

frequently Insulation of lead inside Insulation of lead inside Advised the field to

blows out in “B” Phase

“B”

Phase

Bushing “B”

Phase

Bushing release

Air

monthly.

found charred. All coils found charred. All coils

Charred

in Good condition

replaced and sent for

in Good condition.

insulation

use.

Case 8:

Case 8:

Case 8:

Case 8:

Informed that

Examined at spot and Examined at spot and Air trapped under the

a) No oil could be taken observed that the “Field observed that the “Field bottom

portion

and

from sampling valve-oil Report is correct.

the

up.

Report is correct.

not flowing out.
b)Oil

pushed

oil

Advised to release air

level

conservator

in

frequently through air

is

plug and also through

full(attended at field)

Case 9:

top lid also.

Case 9:

Case 9:

Case 9:

HG Fuse in “R” Phase “R” Phase HT coils Due to Heavy Short LT R Phase conductor
blown

out.

(Similar

failure in 5 months)

failed with symmetry Circuit force because of

frequently

giving way. LT “R” intermittent feeding of

nearby neutral. Fuse not

Phase also failed.

blown.

fault current

touched

Earth

Value

high-30 Ohms. Asked to
rectify earthing system
and adopt proper LT
fuse.

Case 10:

Case 10:

Case 10:

Case 10:

HG Fuse blowing out on Oil Level found upto Gauge Glass indication Gauge Glass cleaned.
load.(Attended at site)

core level only. Gauge misleading. Actually oil Block
glass showing OK

in

air

hole

level is low. HT Lead removed. Insulation of
insulation charred due leads strengthened.
to heat. Coil alright.

Transformer put back in
service-OK
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Case 11:

Case 11:

Case 11:

HG Fuse blown out LT

All LT leads removed.

“Zero” I.R. value is on The LT lines and cables

IR Value zero.

Now LT Megger value LT leads & not in was
is 30 M Ohms.

Case 11:

transformer.

asked

to

be

inspected and defects
rectified.

Case 12:

Case 12:

HG Fuse is blown out.

Core & channel short Core not kept earthed Advised the field to
circuited

Case 12:
with

“C” (not

provided

Case 12:

after

revamp earthing system.

Phase coil top stack and repairs). Stray voltage Transformer condemned

Case 13:

leads. Earthing of core caused short circuit.

since laminations got

not found.

charred.

Case 13:

Transformer

Case 13:

Case 13:

changed No fault in the two Advised to inspect the Reported that one phase

for two times due to transformers brought to line for any jumper cut.

line cut on loadside with

unequal voltage

incoming three phase

Lab.

intact in pin insulator
(Location in the midst
of a lake full of water).

Case 14:
Removed

Case 14:
as

Case 14:

Case 14:

unequal Delta connection cut in May be due to ageing Continuity test is OK

voltage. IR value and bottom of “B” Phase.

and wear & tear.

continuity OK.

since it is connected in
Delta. Soldered and sent
for use.

Case 15:

Case 15:

Case 15:

Case 15:

HG Fuse blown out. IR “B” Phase coil inter- Insulation failure due to Failed stack replaced
value
OK.

and

continuity turn short in 2nd stack. ageing. Since no earth and

sent

for

use.

No shattering of coils,

contact of winding I.R.

Flexibility of connection

contacting with Earth.

values are OK.

increased and soldered
with rod.
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Case 16:

Case 16:

Unequal

voltage.

Continuity not

Case 16:

HT lead in “B” bushing The lead was

found rod, came out.

Oil

Case 17:

Sample

satisfactory

of

tight.

Rod.

with Rod.

Case 17:

Case 17:

not

Found heavy sludges & Sludging due to ageing,

Oil

3

moisture absorption I.R. water entry through vent

discharged. Core and

Value low. Found vent pipe & gauge glass.

coil cleaned. Dried in

pipe diaphragm broken.

chamber. Put hot oil

Gauge

circulation with new oil

consecutive tests.

glass

broken.

Breather all right.

Case 18:
Frequent
certain
transformer.

Case 18:
failure

Flexibility of connection

Hence came out from increased and soldered

with the “B” Phase HT.

Case 17:

Case 16:

of

Casual

completely

and tested OK.

Case 18:
examination Non

availability

Case 18:
of

Taken up with company

make revealed low quantity of sufficient oil-very small by Purchase wing.
oil than that at name spacing between tank &

(Ineffective

plate-260 ltrs. Available core and top cover,

system)

30 ltrs.

leads to failure.
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CHAPTER - 18
TIPS TO REDUCE FAILURES OF DISTRIBUTION
TRANSFORMERS


Switch over to open wiring in place of LT cables



Providing new transformers and releasing overload



Installing perfect earthing by providing a new earth electrode.



Development of a mobile maintenance squad in every division by pooling up one person from
each sub division to attend to maintenance on transformers and revamping the structures.



Quality control in SPM sheds and private repair sheds (measuring neutral currents, magnetizing
currents, quality of

winding wire, IR values at 600 C, load test etc)



Providing spacers for LT lines with loose spans



Ensuring proper fuse protection



Restoration of lighting arrestors



Re-adjustment of load on DTs taking village as a unit



Transformer committees to be formed with consumers fed by the transformer to maintain
vigilance on erring consumers.



The heating chamber should be so designed and heaters fixed at such height so that the core and
windings are getting heated property. They shall be placed below the level of the heaters.



The filtering should be done with the oil at temperature of 600C to 650C. It is to be noted higher
oil temperature deteriorates the quality of oil.



The number of turns of H.V and L.V windings of transformers should be ascertained if necessary
from the manufactures and the same are to be maintained during repairs. The total number of
turns should not be reduced than the designed number of turns.



Meters used for testing and HV testing equipment should be got calibrated annually and error
charts should be exhibited.



All joints and formation of delta and neutral are to be made with lugs properly crimped
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A circulating fan has to be provided in the heating chamber to ensure uniform heating of the
entire core and windings



GI trays are to be provided for keeping the core during examination and repairs so that the oil
does not leak on the floor.



Clean and tested oil should be used for filling after repair



Firefighting equipment is to be provided at a convenient location from the heating chamber



Tanks should be cleaned by brushing to remove deposited sludge.



Filtering of oil is to be cleaned by oil under pressure by providing a separate pump, so that the
sludge is removed.
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CHAPTER - 19
TRANSFORMER REPAIRS SHED FEATURES
Transformer Repair shed features

M/s____________________________________________

By: Name

Designation:

Date of Inspection

Name and Designation of officer who
has inspected previously

Are they repairing only
Distribution Transformers but
also power transformers.

Details
1. Lifting Capability

a) 041T Crane/gantry/others.
b) Lifting capacity tanks
c) Height upto which C & W
Mtrs can be lifted above level.

2. Details of filters

Make

Capacity

SI. NO.

KL/hr

Remarks

a)
b)
c)
d)

3. Hot Air Chamber
a)

Dimension

Heaters

Thermostat

Any special

L*B*Ht

Capacity

Set at

features available

No. KW

b)

is the chamber provided with circulating fan or vacuum facility.
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4. HV Winding m/cs
Make

SI.NO.

Hand
_____________
Semi-automatic
_____________
Automatic

Counter
details

Upto (dia)

a)
b)
c)

5. LV Winding m/cs

Make

SI.NO.

Reduction
gear

Working
condition

a)
b)
__________________________________________________
No.

6. Pulling & Lifting:

Capacity(tt)

Chain Blocks
Tirfers
Mech Jacks
Hydraulic jacks

7. Testing Equipment
a) Megger

No.

Voltage class

a)
b)
c)

Nos.

Range of Meters

_______________________________________
b) Voltmeters
Tong testers
Ammeters
K.W. meters
D.C. resistance Measurement Bridge
Frequency meters
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c) High voltage equipment
d) Induced double voltage/double
frequency test
e) Load test upto______KW
f) No load loss measurement
g) Hydraulic test on tanks
h) Equipment available for other
tests as per I.S.
i) Nitrogen filling equipment

Quality of repairs
a) Winding Coils

: Proper insulation between layers, compactness
of coil, Provision of vertical ducts, general
workmanship(for both HV & LV)
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CHAPTER - 20
PROTECTION OF DISTRIBUTION TRANSFORMERS

HG Fuse Ratings:

Capacity of the

HT Voltage

Tinned copper

Fuse rating in

Horn gap length

transformers in

rating

fuse size in SWG

Amps

in MM

KVA
5000

33 kV

2 * 20

2 * 34

385

3000/3150

33 kV

20

34

385

1500/1600

33 kV

21

29

385

1000

33 kV

22

24

385

750

33 kV

23

20

385

500

33 kV

26

14

385

500

11 kV

20

34

205

250

11 kV

23

20

205

100

11 kV

33

06

205

75

11 kV

33

06

205

63

11 kV

33

06

205

50

11 kV

33

06

205

25

11 kV

38

03

205
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Distribution Transformer Fuse Rating LT Mains and Cables
Capacity of
Transforme
r in KVA

Full
load
Amps
11KV
side

1. S 10
2. S 15
3. 25

----1.31

4. 50

2.62

5. 63

3.31

6. 75

3.94

7. 100

5.25

8. 150 / 160

6.4

9. 200

10.5

10. 250
11. 316

13.12
16.53

Curre
nt LT
side

Size of To fuse wire
in SWG

Size of single core
PVG A1 cable in
sq mm

Size of LT fuse units
to be used

11kv
side

LT side

For
mains

----38

4
5
20

25
25
50

For
main
(Amps)
----3x100

----33.4

For
feeders

----1x50
2x25
66.7
33
2x20
70
1x70
1x50+1
x25
84.0
33
2x13
90
1x70
2x50
100.0
33
2x1(1x14)
95
1x95
1x70+1
x150
133.5
33
2.16
150
1x150
1x95+1
x75
213.4
30
2x14
2x120
2x120
1x150+
1x95
236.7
28
3x14
2x150
2x130
Or 4x16
1x150+
1x120
334.4
28
4x14
3x120
1x120
420.0
20
------Note: 2x25 means 2 feeders of 25 sq mm Cable

3x200

3x200
3x200

3x300

For
feeder
(Amps)
----3x100
2x2x63
3x100
2x3x63
3x100
2x3x100
3x200
2x3x100

6x130

3x300
3x200+
3x100
6x300
3x300+
3x200
3x300

9x300
---

9x300
---

X300

Pole mounted distribution transformers of capacities ranging from 16 kVA to 200kVA with
voltage ratio of 11000/433-250 volts shall have the protection as given in Table I
TABLE I
Protection
Voltage

Capacity

Ratio

(kVA)

Primary
side

Secondary
side

11000/433-250

16,25,63

Dropout/Horn

Moulded case circuit

Volts

100 and 200

gap fuse

Breaker (MCCB)
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Ground mounted distribution transformers of capacities ranging from 200 kVA to 3150 kVA with
voltage ratio of 11000/433, 33000/433 and 33000/11000 volts shall have the protection as given in Table
II.
TABLE II
Protection
Voltage

Capacity

Ration

(kVA)

11000/433-250

315, 630, 1000
And 1600

33000/433

630, 1000, 1600

Primary

Secondary

side

side

HRC/Expulsion

MCCB

fuse
HRC/Expulsion

MCCB

fuse
33000/11000

1600

HRC/Expulsion

CB

fuse

IDMT type over current and earth fault relay shall be provided where circuit breakers are employed.

Oil temperature indicator with one electrical contact for alarm or trip shall be provided for
distribution transformers of capacities 750 kVA onwards. Winding temperature indicator with two
electrical contacts for alarm and trip can be specified by purchaser as an optional item for distribution
transformers of capacities 750 kVA onwards.
Buchholz relay with alarm and trip contacts shall be provided for transformer of capacity 750
kVA onwards.
The 33 kV and 11kV windings of the distribution transformers located outdoors and connected to
overhead lines shall be protected by lightning arrestors.

PROTECTION OF TRANSFORMERS AGAINST OVERLOADING AND SYSTEM FAULTS
Inadequate protection against overloading and frequent system faults are major causes of
transformer failures. Rewirable fuses commonly used for protection are often replaced by the linemen
/consumers with thicker wires and hence do not serve the desired purpose. Most of the power utilities
abroad arc now using LT Circuit Breakers for proper protection of transformers against over-loading and
system faults thereby prolonging the service life of the transformers.
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OPERATION & MAINTENANCE OF DISTRIBUTION TRANSFORMERS,
PREVENTION OF FAILURES & REPAIRS

PRE-TRAINING
EVALUATION TEST
Time:30 mts
1. The power factor of a purely resistive circuit is
a)Zero

b)Unity c) Lagging

b) √3 VL I L cos  c) 3VL I L sin 

b) Voltage

(

)

d) √3 VL I L sin 

3. A step-up transformer increases
a)Current

)

d) Leading

2. The power taken by a 3 –phase load is given by the expression
a) 3VL I L cos 

(

c) Power

(

)

(

)

(

)

d) Frequency

4. The efficiency of a transformer is maximum when
a) It runs at half full load
b) It runs at full load
c) Its copper loss equals to iron loss
d) It runs overload
5. In AC circuit, the ratio of KW/KVA represents
a) Power factor b) load factor c) Form factor d) Diversity factor
6. The unit of inductance is
a)Ohm

d) Mho

(
c) Farad d) Henry

7. The frequency of DC supply is
a) Zero

b)16 2/3 Hz

)

(
c) 50 Hz

141

d) 100Hz

)

8. The frequency of the secondary voltage of a transformer will be

(

)

(

)

a)Less than the frequency of the primary voltage
b) Equal to the primary voltage
c)Greater than the frequency of the primary voltage
d) very much greater than the frequency of the primary voltage
9. Transformer cores are built up from laminations rather than from
solid metal so that
a)
b)
c)
d)

Oil penetrates the core more easily
Eddy current loss is reduced
Less lamination is required for the windings
Turns ratio is higher than voltage ratio

10. In AC circuit, the product of voltage and current is known as
a)Power

b) Real Power

c) Resistive power

)

(

)

(

)

To enhance or decrease the voltage depending on requirement
To increase current
To increase the voltage
None of the above

13. A distribution transformer is a
a)
b)
c)
d)

(

Electrically coupled and magnetically isolated
Magnetically coupled and electrically isolated
Both electrically and magnetically coupled
None of the above

12. Importance of a Transformer
a)
b)
c)
d)

)

d) Apparent power

11. A Transformer is
a)
b)
c)
d)

(

Step up transformer
Constant voltage device
Step down transformer
None of the above
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14. The colour of silica gel in a healthy transformer is

(

)

(

)

(

)

a) Pink b)Red c) Blue d) Green
15. The oil in a transformer acts as
a) Insulant b) Coolant

c) Insulant & Coolant d) None of the above

16. The function of breather in a transformer is
a)
b)
c)
d)

To reduce the temperature
To act as a cushion for expansion and contraction of oil
To arrest moisture and dust entering into transformer
None of the above.

17. The function of conservator in a transformer is
a)
b)
c)
d)

(

To arrest oil leakage
To arrest moisture and dust entering the transformer
To act as a cushion for expansion and contraction of oil
None of the above

18. Earth resistance at a distribution transformer structure should be
a)
b)
c)
d)

)

(

)

Less than 1 ohm
Less than 0.5 ohm
Less than 2 ohms
Less than 5 ohms

19. The power factor in a system should be near to
a) 2

b) 3

c) 1

(

d) 0.5

20. The full load current on the LV side of a 11KV/415 Volts,
100 KVA distribution transformers is around
a) 50 A

b) 33A

)

c) 100 A

)

d) 140 A

21. A 11KV / 433V distribution transformers is connected in
a) Y / b) Y/Y c) /Y d)
/
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(

(

)

22. Transformer works on the principle of
a)
b)
c)
d)

(

Electromagnetic attraction
Electromagnetic induction
Electrolysis
None of the above

23. The transformer can be used only in

(

a) D.C System
b) Both on A.C & D.C systems

a) Increase b)Remain the same c) Reduce

b)95%

c) 80%

(

)

(

)

(

)

d)None of the above.

25. The operational efficiency of a distribution transformer is around
a) 70%

)

b) A.C. System
d) None of the above

24. By reducing the thickness of laminations, the no load losses in a transformer

d) None of the above

26. Distribution Transformers generally have
a)
b)
c)
d)

)

On load tap changer
off-load tap changer
off-circuit tap changer
None of the above

27. Transformer works on the principle of

(

)

a) Conduction b) induction c) convection d)None of the above
28. As a thumb rule, the minimum insulation resistance values
of a 11 KV/415V distribution transformer between HV & earth
at 600 C should be around
a) 66 Mega ohms b) 33Mega ohms c) 22 Mega ohms d) 11Mega ohms
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(

)

29. Acidity (neutralization number) of oil for all transformers in mg of
KOH/gm of oil should be
a) 0.15
b) 0.2
c) 0.03
d) 0.3

30. Ideal shape for core section in a transformer
a)Square

b)rectangle

c) circle

31. In the core type construction

(

)

(

)

(

)

d) Pentagon

a)Core encircles the winding
b) winding encircles the core
c) Core and winding are separate
d) None of the above
32. Amorphous metal saturation density is

(

a)More than CRGO
b) Less than CRGO
c) Equal to CRGO
d) None of the above
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OPERATION & MAINTENANCE OF DISTRIBUTION TRANSFORMERS,
PREVENTION OF FAILURES & REPAIRS
POST TRAINING
EVALUATION TEST
Time: 30 mts
1. The efficiency of a transformer is maximum when

(

)

a) It runs at half full load
b) It runs at full load
c) Its copper loss equals to iron loss
d) It runs overload

2. A Transformer is

(

)

(

)

(

)

e) Electrically coupled and magnetically isolated
f) Magnetically coupled and electrically isolated
g) Both electrically and magnetically coupled
h) None of the above

3. Importance of a Transformer
e) To enhance or decrease the voltage depending on requirement
f) To increase current
g) To increase the voltage
h) None of the above

4. A distribution transformer is a
e) Step up transformer
f) Constant voltage device
g) Step down transformer
h) None of the above
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5. The colour of silica gel in a healthy transformer is

(

)

b) Pink
c) Red
d) Blue
e) Green

6. The oil in a transformer acts as

(

)

b) Insulant
c) Coolant
d) Insulant & Coolant
e) None of the above

7. The function of breather in a transformer is

(

)

(

)

(

)

e) To reduce the temperature
f) To act as a cushion for expansion and contraction of oil
g) To arrest moisture and dust entering into transformer
h) None of the above.

8. The function of conservator in a transformer is
e) To arrest oil leakage
f) To arrest moisture and dust entering the transformer
g) To act as a cushion for expansion and contraction of oil
h) None of the above
9. The full load current on the LV side of a 11KV/415 Volts,
100 KVA distribution transformers is around
a) 50 A
b) 33A
c) 100 A
d) 140 A
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10. A 11KV / 433V distribution transformers is connected in

(

)

b) Y /
c) Y/Y
d)

/Y

e) / /

11. Transformer works on the principle of

(

)

e) Electromagnetic attraction
f) Electromagnetic induction
g) Electrolysis
h) None of the above

12. By reducing the thickness of laminations, the no load losses in a transformer (

)

b) Increase
c) Remain the same
d) Reduce
e) None of the above.

13. The operational efficiency of a distribution transformer is around

(

)

(

)

b) 70%
c) 95%
d) 80%
e) None of the above
14. As a thumb rule, the minimum insulation resistance values of a
11 KV/415V distribution transformer between HV & earth at
600 C should be around
b) 66 Mega ohms
c) 33Mega ohms
d) 22 Mega ohms
e) 11Mega ohms
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15. Ideal shape for core section in a transformer
a) Square

b)rectangle

c) circle

(

)

d) Pentagon

16. Amorphous metal saturation density is

(

)

a) More than CRGO
b) Less than CRGO
c) Equal to CRGO
d) None of the above

17. In a step-up transformer, the number of turns on the secondary, when compared to
primary are:

(

)

(

)

(

)

(

)

a) Equal
b) Less
c) More
d) None of these

18. In a transformer, vertical members are called
a) Columns
b) Yokes
c) Limbs
d) Rows
19. Core type and shell type transformers are
a) Power Transformers
b) Distribution Transformers
c) Both power and Distribution Transformers
d) None of these
20. By using better grade CRGO steel, this loss can be reduced.
a) Eddy current losses
b) Copper losses
c) Hysteresis loss
d) None of these
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21. When the Transformer windings are placed concentrically on the core

(

)

(

)

(

)

a) L.V. winding is on the outside
b) H.V. winding is on the outside
c) Both H.V and L.V windings are placed to together.
d) None of these
22. For increasing voltage/turn in-case of transformers, flux density is to be
a) Decreased
b) Increased
c) Need not be altered
d) None of these
23. Percentage impedance of a Transformer is measured by
a) Open circuit test
b) Magnetizing current test
c) Short circuit test
d) Magnetic balance test
24. Percentage impedance of a Distribution Transformer will be of the order of (

)

a) 9% to 10%
b) 10% to 12%
c) 4%

to 5%

d) 7%

to 9%

25. Conservator is provided for the Transformers

(

)

(

)

a) To control the temperatures
b) To prevent loss of oil
c) To allow expansion and contraction of oil due to load variations
d) To prevent moisture entering the transformer
26. A CSP transformer is
a) Closely sealed power transformer
b) Complete saving in power
c) Completely self protected
d) None of these
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27. A CSP Transformer will have

(

)

a) Internal low voltage circuit breaker
b) Internal high voltage protective link
c) Both Internal low voltage circuit breaker and Internal high voltage protective link
d) Both Internal low voltage and high voltage circuit breakers.
28. Use of amorphous metal in place of CRGO steel for the transformer core reduces the no
load loss (core loss) of the transformer approximately by

(

)

(

)

a) 10%
b) 75%
c) 50%
d) 25%
29. HVDS
a) High voltage Dielectric system
b) Highly variable D.C. System
c) High Voltage Distribution System
d) None of these
30. Incase of Transformer oil, BDV is

(

)

a) Basic dielectric value
b) Basic design value
c) Breakdown voltage
d) None of these
31. For a good transformer oil, interfacial tension and flash point should be (

)

a) Low
b) Not relevant
c) High
d) None of these
32. For a good transformers oil acidity and viscosity should be
a) Low
b) High
c) Not relevant
d) None of these
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(

)

