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Abstract — The Power transformers are backbone of
electrical transmission and distribution system and it
plays an important role in it. It changes voltages and
current levels of the supply at every stages of power
system according to requirement for smooth operation.
The most important issue for transformer protection is to
differentiate  the inrush from fault currents.
Distinguishing internal currents associated with faults
from inrush currents in transformers is a vital
component of a transformer protection method.
Therefore, ensuring its protection is crucial to ensuring
the power system operates steadily and consistently. One
of the main reasons why the protection system
malfunctions is the inrush current occurrence.
Therefore, accurate and timely fault current and inrush
current discrimination is essential for the power system
to operate consistently and satisfactorily.

Keywords- Inrush and Fault Currents, Transformer
Protection, Electrical Machine, Discrimination, Power
System.

INTRODUCTION

Power transformer is important equipment in power

system and it assumes a key part in power supply
dependability and security. Nonetheless, the exact
activity rate isn't exceptionally great. In actuality, the
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exact activity pace of transmission lines is practically
100 percent. So the assurance execution of transformer
needs to get to the next level. The differential assurance
has forever been the primary insurance for power
transformer. It has quick reaction speed and high
awareness, so it has been generally utilized in power
framework. The rule of differential assurance depends
on Kirchhoff regulation. Be that as it may, the presence
of charging branch makes the power transformer at this
point not meet the Kirchhoff's regulation rigorously. In
typical condition, the excitation current is little, so the
transformer can get away from the impact of excitation
current by the setting esteem. Be that as it may, inrush
current is probably going to happen when the
transformer is shut with no heap. The inrush current is
enormous to such an extent that it might arrive at around
6-8 times of appraised current. The huge current can
cause the malfunction of differential protection.

Up to 10 times the total current may be flowing through
the transformer when it is energized due to magnetizing
inrush current. When designing and operating
differential protection relays that use power transmission
and distribution systems, the phenomena of magnetizing
inrush current in a transformer during energisation has
long been an issue.

Therefore, there is a chance that magnetizing inrush
current will create a false trip during energisation. Only
fault conditions require the specified relay to
function not inrush conditions. To ensure dependable
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protection, it is essential to differentiate between inrush
and fault currents. It has long been recognized that
distinguishing between fault current and magnetizing
inrush current is a difficult challenge for transformer
protection.

Conventional transformer protection systems detect a
second harmonic in order to restrain during inrush
transient phenomena because a magnetizing current
often has a higher second harmonic current than an
internal fault. Nevertheless, transformer defects can also
result in the generation of second harmonic components.
This could be caused by CT saturation, the presence of
distributive or shunt capacitors along the EHV
transmission line that the transformer might be
connected to, or both. The second harmonic in fault
current may occasionally have a magnitude that is equal
to or higher than the magnetizing inrush current.

LITERATURE REVIEW

In their paper titled Discrimination of magnetic inrush
current from fault current in transformer-A new
approach, the authors propose a novel method for
quickly and precisely distinguishing inrush current from
fault current. In view of the unevenness of inrush current
waveform, a remarkable standard for segregation is laid
out. MATLAB coding is created to demonstrate a
transformer for the investigation. At intervals of 90°
from 0° to 360°, distinct switching instants on the supply
voltage waveform have been examined with varying
residual flux in the magnetic core. For inrush current
case, its extent is in every case not exactly polarizing
current pinnacle esteem (for example 0.452 A) in one of
the half or in both of the parts for initial not many cycles.
In the event of through issue current, its extent will be
dependably more prominent than polarizing current
pinnacle esteem in both of the parts for initial not many
cycles. If there should be an occurrence of an inside
shortcoming it takes 3 to 4 cycles for surpassing
charging current in the two cycles. [1]

The characterization of internal fault currents and
magnetic inrush currents in the transformer is performed
by utilizing a lengthy Kalman channel (EKF) calculation
by creators in their paper entitled Separation of
Transformer Inrush Flows and Inside Shortcoming
Flows Utilizing Broadened Kalman Channel Calculation
(EKF). The transformer's primary winding current was
estimated utilizing the two-step predictive-corrective
mechanism of the EKF algorithm. The EKF was used to
predict the transformer primary winding current for a
range of switching angles and faults. The severity of an
internal defect affects how long it takes to identify it. As
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a result, this technique offers quick transformer
protection against serious defects. [2]

This paper introduces a new, straightforward, yet
effective power transformer protection method. This
method for locating internal fault conditions and
magnetizing inrush in power transformers is based on
prony analysis. Additionally, it has the ability to
distinguish between secondary winding and primary
winding problems. Using prony analysis as a tool to fit
the current waveform, it discovers that the aperiodic
component of asymmetrical inrush current has two
attenuation factors, the aperiodic component of fault
current has one attenuation factor, and the aperiodic
component of symmetrical inrush current has zero
attenuation factor. It is important to note that the value of
the two attenuation factors in asymmetrical inrush
current varies significantly. Thus, by counting the
attenuation of the aperiodic component, the inrush
current can be identified. The strategy is validated by
numerous MATLAB simulation results. Since the
suggested method has nothing to do with second
harmonics, it can avoid the issues related to second
harmonic restraint. In addition, it can detect symmetrical
inrush currents, which the dead angle constraint cannot.
It also runs fast since it only requires one cycle to adapt
to the current waveform. [3]

In order to differentiate internal faults from switching
conditions in power transformers, a structured method of
doing so is presented in the paper "Discrimination
between Inrush Current from Interturn Fault Current in
Transformers based on the Non-Saturation Zone." This
technique can improve the efficiency of the electrical
power system and address problems with internal fault
current and inrush current. Large inrush current and
current transformer saturation are the most common
causes of discrimination algorithm failures. [4]

In their paper titled "Discrimination between Inrush and
Fault in Transformer: ANN Approach"”, the authors
present a novel online detection method that uses
discrete wavelet transform and artificial neural-nets
(ANNSs) to discriminate the magnetizing inrush current
and inter-turn fault, as well as even the location of fault,
i.e. whether the interturn fault lies in primary winding or
secondary winding. By staging these occurrences on the
specially designed transformer, the algorithm has been
successfully tested online. Less than a cycle after their
inception, these events are recognized. Situations where
the inception angle, fault resistance, and other
parameters deviate significantly from those utilized
during the ANN's learning process may result in this
classification. In such a scenario, retraining the ANN
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and adding the incorrectly categorized fault record to the
learning database are required. [5]

The authors of the paper "Discrimination between Inrush
and Short Circuit Currents in Differential Protection of
Power Transformer Based on Correlation Method Using
the Wavelet Transform" propose a novel algorithm that
uses the DWT to distinguish between internal fault
currents and inrush currents. A power system model is
used to test their suggested algorithm. Numerous
instances of internal faults, inrush currents, and
concurrent inrush and fault currents are simulated. Their
simulation  findings demonstrate the suggested
algorithm's quick and dependable ability to distinguish
between the various current types flowing in a power
transformer under varied circumstances. [6]

In their study titled "A Novel Approach for
Discrimination between Inrush Current and Internal
Faults in Power Transformers," the authors propose a
pattern recognition technique that uses the HS transform
to distinguish between inrush current and internal faults
in power transformers. According to their findings, the
HS-transform clearly displays the normalized frequency
contours for internal faults and inrush current. The
second harmonic is more prominent in the case of inrush
current than it is in the case of faults. Fuzzy C-means
clustering is utilized to differentiate internal defects from
inrush currents, and the spectral energy and standard
deviation are also computed. For large power
transformers, the HS-transform provides effective
protection since it is less susceptible to noise than the
Wavelet transform. [7]

The core flux and related exciting current experience a
transient upon transformer  energisation before
stabilizing at their steady state values. There is a
relationship between the switching instant and the
switching transient's severity. The instantaneous value of
common flux in the core (without residual flux) varies
from —Qmaximum t0 +@maximum IN half cycle to balance the
applied voltage and lag its voltage by 90° under steady
state conditions if the applied voltage is sinusoidal. The
flux grows from zero when the transformer is turned on
at its positive peak, and the transformer turns on with
regular magnetizing current. The same thing would
happen if the applied voltage was at its negative peak
when the transformer was turned on. On the other hand,
for a flux-less core, the flux must change from zero to
20maximum 1N half a cycle if the applied voltage is at zero
at the time of switching and is rising toward positive. If
the flux contains residual flux, the influence of residual
flux will cause this value to grow. This creates a massive
magnetizing inrush in the primary current and results in
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a nearly twofold increase in flux, also referred to as the
"doubling effect." A similar circumstance would occur if
the applied voltage was moving in the direction of
negative. Inrush current is approximately 100 times
higher than the typical no load current because it can
reach five times the transformer's full load current. [8]

E sin »
Fig. 1 — Transformer inrush current generation
The flux in the transformer core is zero prior to

energisation. The steady-state will not be quickly
reached by the flux. According to Faraday's rule of
electromagnetic induction, the flux in the transformer
core will grow from its zero value at the time of
energisation. This rate of change in flux which causes
the induction of voltage in the windings, and it can be
found using the formula e = de/dt. The integral of the
voltage wave will represent the entire flux, which is
provided by,

d

e = E sinwt = i 2.1
dt

Q= J-e.dt ZEJ-sinwt 2.2

The flux wave will begin at the same origin as the
voltage waveform if the transformer is powered at the
voltage zero instant. The value of flux following the
voltage waveform's first half cycle is determined by,

E/
] )
g, I o O

sinwt dt

P, ’ Sinw dl{wt) 29, 24

The maximal flux is represented by @p,.

When the flux exceeds the maximum steady-state flux,
the transformer core typically becomes saturated. The
transformer's maximum flux value will increase to twice
its steady-state maximum value during energisation.
When the flux value surpasses the steady-state
maximum, the transformer's core becomes saturated,
causing the transformer to draw a large current in order
to generate the remaining flux. During energisation, the
transformer draws a large current known as the
magnetizing inrush current. This current's magnitude
could be ten times more than the transformer's rated
current.
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The interference of inrush current in a power transformer
affects the differential relay's operation.

In addition to affecting the fuses or breakers' rating, high
magnetizing inrush current causes noise and distortion to
return to the supply mains. Therefore, it is crucial to
distinguish between internal fault current and inrush
current in order to enhance the transformer's protective
system. Figure 2 shows the applied voltage and the
transformer's magnetizing inrush current. [9]
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Fig. 2- Transformer's Magnetizing Inrush Current
METHOLOGY

Prony analysis is a workable approach to modeling a
linear sum of damped complex exponentials to
uniformly sampled signals. In 1795, Prony introduced
the Prony analysis. Its basic idea is to use a linear
combination of exponential functions to express the
equal interval sampling data. With the transitory signal,
it functions nicely. It is possible to extract the harmonic
components despite the frequency similarity. Prony
analysis is also used to find the attenuation factor, phase,
and amplitude of the signal. Since these numbers don't
need to be computed in the frequency domain, the
computing complexity is minimal. For this reason, proxy
analysis has been widely used in power systems. Prony
analysis is not only a signal analysis approach but also a
means of system identification, and it is frequently used
in the domains of power system electromechanical

oscillation, radar, biomedical monitoring, sonar,
geophysical sensing, radioactive decay and speech
processing.

The linear combination of exponential functions serves
as the Prony analysis's mathematical paradigm. The
formula for it is Equation 3.1.

)
x'(n) Z bzl' n 01,....N 1 L |
f !

Equation 3.1's complex variables, z; and b;, can be
expressed using equations 3.2 and 3.3.

b, = A, exp(j6,) 32
expl(a, + j2af,)At] 33
Equations 3.2 and 3.3 show that,
f; = Frequency of Signal

& —
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A, 0;, and a; represent the signal's phase, attenuation
factor, and amplitude. It is clear from Eq. 3.3 that every
component in the Prony analysis is attenuated. With the
exception of the aperiodic component, all the
components in the full wave Fourier algorithm are
observed to be stationary. As of right now, the full wave
Fourier approach is less accurate than the Prony analysis.
A specific algorithm can be used to calculate f;, A;, 0;,
and a;.

Mathematical Analysis

To derive the mathematical formulation for the original
Prony analysis, let us consider a Pulsed Corona Reactor
(PCR) as a linear time-invariant (LTI) dynamic system
as shown in Figure 3.

Pulsed Corona Reactor
uit) ¥ty

( LT1 System )

Nt

Fig. 3 - LTI system with a pulsed Corona reactor
The signals in Figure are denoted by the following
names:

y(t) is the PCR system's response,
X(t) is the PCR system's state and
u(t) is the PCR system's input.
Equation represents the evolution of the PCR system'’s
state.
dx(t)
dt
where A and B are matrices that are constants.
Assume that an input pulse is used to bring the PCR to
its "initial state" at time t,. It can be phrased as
follows, if the input is eliminated and the system
receives no more inputs:
dx(t)
dt
In this case, A is an nxn matrix with eigenvalues of A;,
left eigenvectors of q;, and right eigenvectors of p;. The
system order is represented by n in the equation above.
The sum of n components represents the answer to the
problem mentioned before :

”:'_2- (g xo) pre™ 3.6
We express y(t) in the form since we believe the PCR to
be an LTI system.

y(t) = Cx(t)

Ax(t) + Bu(r) 3.4

= Ax(t) 3.5

+ Du(t) 3.7
W here C and D are matrices that are constants.
The preceding equation becomes simpler to solve if the
input is eliminated (u(t)=0):

y(t) = Cx(t) 38
By fitting a sum of complex damped sinusoids to evenly
spaced sample (in time) values of the output, the Prony
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analysis directly calculates the parameters of the Eigen
structure given in the third equation:

i
y(t) Z Ae' Y cos(2nfit + ) 3.9
=1

In Equation 3.9,
A, represents the component's amplitude,
a; its damping coefficient,
f; its frequency,
yL = Estimated observed data for y(t) made up of N
samples,
P (t) = Estimated observed data for y(t)
yied = ylkl,
k =0,1,2,...,N — 1 where the spacing is uniform.
The sum of exponentials can be used to express
cos (2nfit+¢;)using Euler's theorem:

cos(Zaf +¢,) + + . 310
fi+¢ - 8 ~ N

After substituting equation 3.7 for equation 3.6 and
allowing t = KT, the samples become —

)
ylk] = Z Copty
=1

311

Where,

Which we refer to as “poles”

In equation 3.13,

T is the sampling period.

The original Prony analysis computes C; and L; in three
basic steps.

Study of Signal to noise ratio (SNR)

Two indexes—SNR (Signal-to-Noise Ratio) and DVR
(Dynamic Change Rate) must be introduced in order to

demonstrate the fitting waveform accuracy.
rms[x(n)]
SNR = - S - dB 3.14

rmsn[x'(n) — x(n)]

n=N-11v'(n) = x(n)|?

— 3.15
Tl () — x|

Where, r.m.s. stands for "root mean square™ value.

x(n) sample data of the original signal.

x'(n) represents Data from the fitted.

A metric used in science and engineering to compare the
strength of a desired signal to the strength of background
noise is called the signal-to-noise ratio, or SNR or S/N.
It is defined as the signal-to-noise power ratio, which is
commonly given in decibels. More signal than noise is
indicated by a ratio larger than 1:1 (more than 0 dB).
SNR can be used to any type of signal, even though it is
frequently used to describe electrical signals (such as
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isotope levels in an ice core or biochemical signaling
between cells).

The ratio of accurate to inaccurate or irrelevant data in a
discussion or interaction is commonly referred to as the
signal-to-noise ratio.

In general, the proper result can be accepted when SNR
is about 20 dB. In cases where SNR is higher than
40 dB, the fitting result is optimal. The smaller the DVR,
the better the fitting result. An acceptable predicted
result is one where DVR is less than 0.01.

Circuit Diagram

The transformer used is 1-phase, 2 KVA, 230/230 V,
multi winding transformer, with number of winding on
left side of it is as well as on right side is 1. The numbers
of tapings are 10. Winding resistance of transformer is
0.825 pu and the winding leakage inductance 0.00396
pu, magnetization resistance 2850 pu.

1. Inrush Current:

.......

Fig. 4-Experimental Circuit model for Inrush Condition
The transformer's secondary is left open, power is
applied to the primary side, and an attached ADC is used
to obtain measurements for the inrush current
computation. These readings are given as an input to the
MATLAB program and graph of time vs I, obtained.
Using these graphs we can fit curve using Prony
Analysis.

2. Inter-Turn Current

Fig. 5-Experimental Circuit Model for Fault Condition

of 2 KVA
Supply is applied to the transformer's primary side, one
of its secondary windings is shorted, and measurements
are obtained from the attached ADC in order to calculate
the fault current. These readings are given as input to
MATLAB program and graph of time Vs I, obtained.
Using these graphs we can fit curve using Prony
Analysis
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Flow Chart
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Fig. 6-Flowchart of Prony analysis

Procedure
1. Make the circuit connections.
2. Take the reading of Ip with the help of ADC of 1000
samples and makes it’s excel file.
3. Load the excel file in MATLAB.
4. By using the MATLAB algorithms for Prony
Analysis, create a graph showing the relationship
between the transformer's current signal and time.
5. Find the parameters like SNR, DVR and Attenuation
factor from fitted curve.

RESULT AND DISCUSSION

magnitude (A)
3

- - i - o

time (s)

Fig. 6-Fitted inrush current waveform
The above current waveform shown in figure and is
obtained at modal point 700 for Inrush current.
Basically, one cycle contains 20 samples. Here, two
cycles are considered i.e. 40 samples. Now, by using
Prony Algorithm the parameters like SNR and DVR can
be calculated. So, here obtained values are: SNR =
25.9843, DVR = 0.0087.

inter-turn

magnitude (A)

Fig. 7- Fitted inter-turn current waveform

18

The above current waveform shown in above figure and
can be obtained at modal point 560 for Inter-turn fault.
Basically, one cycle contains 20 samples. Here, two
cycles are considered i.e. 40 samples. Now, by using
Prony Algorithm the parameters like SNR and DVR can
be calculated. So, here obtained values are: SNR =
23.8154, DVR = 0.0008412.

CONCLUSION

This work elaborates a novel technique for
distinguishing magnetizing inrush current from interturn
faults in a transformer. To obtain distinguishing
characteristics from the differential current, proxy
analysis is utilized. By fitting the wave derived from
inrush and fault current, this technique is accomplished.
The conclusion is that the inter-turn fault current's SNR
is higher than the inrush current's. To distinguish
between inrush current and fault current, take the SNR
threshold value into consideration.

The acquired result conclusively demonstrates that the
system is capable of distinguishing between defective
and inrush scenarios. This will reduce the chance of
relay malfunction.
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