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Abstract— Digital protection of power transformer is
critical. It has various advantages over conventional
protection schemes. Digital protection is carried out for fast
and reliable operation of protective schemes for the
protection of power transformers. Discrimination between
inrush current and internal fault was simulated by designing
Digital differential relay in MATLAB SIMULINK to
observe the performance of relay. Amplitude and harmonics
in the primary and secondary side current of transformer
have been compared to get the results. Total Harmonic
Distortion (THD) was analyzed by various tests to evaluate
performance and operation of the relay and the results were
obtained.
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I. INTRODUCTION

Transformer is an important, essential and costlier element
of electrical power system. So, the protection of transformer
have the same importance. For the protection of transformer,
digital differential protection scheme is applied in which
terminal currents are used. In transformers, abnormal
conditions like faults are internal and external. Problems like
short duration overloading, short circuit external to
transformer, etc are included in external faults. Internal
faults are grouped into three categories as Incipient
fault, Terminal faults and Winding faults. Both Internal and
External faults can cause damage to the transformer. For
external fault, protection scheme is used in the line and for
internal faults, various protection schemes such as over
current relay, gas actuated i.e. buchholz relay, restricted
earth fault relay and percentage differential relay have been
adopted. Protection scheme selected is depend upon the type
of fault and also upon the type, size, rating and importance
of the transformer being protected. In internal faults,
terminal as well as winding faults are serious in nature.
Unbalance of voltage or current can be occurred at the
terminals when these faults are detected. These faults can
cause immediate damage to the transformer.

When an abnormal condition occurs in transformer,
current increases to a great value. It may be inrush current,
internal fault or external fault. . At starting of transformer,
current goes to a higher value for a very few seconds. This is
called as inrush current. Also in case of internal fault,
current goes to a higher value for some time. So, the applied
relay should trip only for internal fault and not for external
fault or in the case of inrush current. That means, relay
should discriminate between inrush current and internal
fault. So here, this discrimination have done. To increase
sensitivity of operation of digital differential relay for the
protection of transformer. The operation of relay is
simulated in MATLAB software and results are taken for

different cases like magnetizing inrush current, magnetizing
inrush current with adding load, three phase to ground fault
at loaded transformer, line to ground external fault at loaded
transformer, etc.

Il. MAGNETIZING INRUSH CURRENT

This phenomenon, the transient magnetizing inrush or the

exciting current, occurs in the primary side of the

transformer whenever the transformer is switched on or

energized and the instantaneous value of the voltage is not at

90 At this time, the first peak of the wave is higher than the

peak of the wave at the steady state condition. This current

appears as an internal fault, and it is sensed as a differential

current by the differential relay. The value of the first peak

of the magnetizing current may be as high as several times

the peak of the full load current. The magnitude and

duration of the magnetizing inrush current is influenced by

many factors, some of these factors are as follows.

— The instantaneous value of the voltage waveform at the
moment of closing CB,

—  The value of the residual magnetizing flux,

— The sign of the residual magnetizing flux,

— The type of the iron laminations used in the transformer
core,

—  The saturation flux density of the transformer core,

—  The total impedance of the supply circuit,

—  The physical size of the transformer,

—  The maximum flux-carrying capability of the iron core
laminations.

I1l. DIFFERENT PROTECTION SCHEMES USED IN
TRANSFORMER

There are various schemes used for the protection of power
transformer such as Buchholz relay, Sudden Pressure relay,
Earth fault protection, over current protection, Differential
protection

A. Differential protection of transformer

Principle of Differential Protection scheme is a simple
conceptual technique. The differential relay compares
current  between  primary and  secondary  of power
transformer, if any unbalance found in between primary and
secondary currents the relay will actuate and inter trip both
the primary and secondary circuit breaker of the
transformer. Generally Differential protection is provided in
the electrical power transformer rated more than 5MVA.
The differential protection of transformer has many
advantages over other schemes of protection. The faults
occur in the transformer inside the insulating oil can be
detected by Buchholz relay. But if any fault occurs in the
transformer but not in oil then it cannot be detected by
Buchholz relay. Any flash over at the bushings are not
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adequately covered by Buchholz relay. Differential relays
can detect such type of faults. Moreover Buchholz relay is
provided in transformer for detecting any internal fault in
the transformer but Differential Protection scheme detects
the same in faster way. The differential relays normally
response to those faults which occur inside the differential
protection zone of transformer.

The differential relay is one that operates when
there is a difference between two or more similar electrical
quantities exceeds a predetermined value. In differential
relay scheme circuit, there are two currents come from two
parts of an electrical power circuit. These two currents meet
at a junction point where a relay coil is connected.
According to Kirchhoff Current Law, the resultant current
flowing through the relay coil is nothing but summation of
two currents, coming from two different parts of the
electrical power circuit. If the polarity and amplitude of both
currents are so adjusted that the phasor sum of these two
currents, is zero at normal operating condition. Thereby
there will be no current flowing through the relay coil at
normal operating conditions. But due to any abnormality in
the power circuit, if this balance is broken, that means the
phasor sum of these two currents no longer remains zero and
there will be non-zero current flowing through the relay coil
thereby relay being operated. In current differential scheme,
there are two sets of current transformer each connected to
either side of the equipment protected by differential relay.
The ratio of the current transformers are so chosen, the
secondary currents of both current transformers matches
each other in magnitude. The polarities of current
transformers are such that the secondary current of these
CTs opposes each other. . From the circuit is clear that only
if any nonzero difference is created between this to
secondary currents, then only this differential current will
flow through the operating coil of the relay. If this
difference is more than the peak up value of the relay, it will
operate to open the circuit breakers to isolate the protected
equipment from the system.

IV. DIGITAL DIFFERENTIAL TRANSFORMER PROTECTION

Differential protection scheme is also called Unit protection
scheme. The idea involved in the differential protection
scheme is to compare the operating quantity i.e. voltage or
current at the input and output ends i.e. terminal of the
power transformer being protected. This is a vector
comparison since the quantity being compared has the
magnitude and phase angle associated with it. Tripping is
initiated if the magnitude of the difference exceeds a
predetermined constant value.

The differential relay compares the primary and
secondary side currents of the power transformer. Current
transformers (CTs) are used to reduce the amount of
currents in such a way their secondary side currents are
equal. Figure below shows the differential relay in its
simplest form. The polarity of CTs is such as to make the
current circulate normally without going through the relay,
during normal load conditions and external faults.
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Fig. 1: Differential protection of transformer
Current transformers ratings are selected carefully
to be matched with the power transformer current ratings to
which they are connected so as the CTs secondary side
currents are equal. However, the problem is that the CTs
ratios available in the market have standard ratings. They
are not available exactly as the desired ratings. Therefore,
the primary ratings of the CTs are usually limited to those of
the available standard ratio CTs. Commonly the primary
side of the current transformer has only one turn (1) and the
secondary side has many turns depending on the
transformation ratio (N) of the CT, which is selected to
match the ratings of the power transformer. Since the
transformation ratio of transformers is the ratio between the
number of turns in the primary side to the number of the
turns in the secondary side. Therefore, the turn ratio of the
primary current transformer is and the turn ratio of the
secondary side current transformer is 1/n2.
The secondary current of the CT located in the
primary side of the power transformer is
I
I ==
Ny
In the same manner for the CT located at the secondary
side of the power transformer, the CT secondary current is:
I

=

I, =—
27N,

Since the differential current is ig = i1 — i» then,
from above equations the differential current flowing in the
relay operating coil current can be calculated as;

N, N,

If there is no internal fault occurring within the
power transformer protected zone, the currents are assumed
equal in magnitude and opposite in direction. That means
the differential current iy = 0. The primary and secondary
side current of the power transformer are related to each
other by equation below.

I N

rE__=
I N,ﬂ

In power transformers, the input power is equal to
the output power. However, the voltage and the current in
both the primary and secondary sides are different
depending on whether the transformer is step up or step
down. For instance, if the transformer is step up, the input
voltage of the power transformer is low and the current is
high, the voltage in the secondary side is high and the

All rights reserved by www.ijsrd.com 623



A Review Paper on Digitalization of Differential Protection for Power Transformer

(IJSRD/Vol. 5/1ssue 05/2017/146)

current is low. This action makes both the input and output
power equal. Due to this nature the CTs in the primary and
the secondary sides of the power transformer do not have
same turn ratio. So, they are carefully selected, in terms of
turn ratio and magnetizing characteristics, so that they have
the same output current at normal conditions of operations.
If identical CTs are not available, the closer ones are chosen
and then the mismatch between them is compensated by
using the interposing CTs. The interposing CTs can fix the
mismatch in the CTs; however they add their own burden to
the output of the main CTs. In three phase power
transformer connections, a 30phase shift between primary
and secondary currents is taking place. This phase shift
occurs in the Y-A or A-Y connected transformers due to the
transformation of the current from Y- A or A -Y as
illustrated in the figure below. This phase shift can be
corrected easily by connecting the CTs secondary circuits in
opposite way to the way that the power transformer phases
are connected i.e. if the transformer windings are connected
in Y- A the CTs secondary windings should be connected in
A -Y and vice versa.
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Fig. 2: Connection of differential protection of 3-phase A -Y
transformer.

V. CONCLUSION

The protection of transformers is very important because the
transformer is a very important in the power system. So, for
this purpose, digital relays are used which are fast and
accurate. Unit differential relaying scheme is applied for the
protection of power transformer.
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