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Abstract

This paper presents a new approach to distinguish between inrush current and
internal faults of power transformer using a recursive Gauss Newton method..
The HS-transform (Hyperbolic S-transform) is used to extract patterns of
inrush current and internal faults from the captured transformer current. HS-
transform is a very powerful tool for non-stationary signal analysis giving the
information of transient currents both in time and frequency domain. The
spectral energy and standard deviation are calculated to distinguish between
inrush current and internal fault. Classification of internal faults and inrush
current is done through Fuzzy C-means clustering.

Introduction

Discrimination between inrush current and internal faults has been recognized as a
very challenging power transformer protection problem. The inrush current contains a
large second harmonic component in comparison to a fault. Sometimes also the
second harmonic may be generated in case of internal faults in power transformer.
This may be due to CT saturation and distributive capacitance in long transmission
line to which the power transformer is connected. Also sometimes the magnitude of
second harmonic in internal fault current can be close to that present in the inrush
current. Also the inrush current magnitude is relatively less in modern power
transformer due to design improvements. Therefore the traditionally provided
protection system with harmonic restraint will not solve the problem.

Here most important requirement is to extract features from the non-stationary
signals, as both inrush current and internal faults are non-stationary signal. For feature
extraction or pattern recognition from non-stationary signal STFT(Short Time Fourier
Transform), DWT(Discrete Wavelet Transform) are used[1-2]. Here in this paper, a
new approach for patterns recognition using multi resolution HS-transform with
varying window of varying shape is proposed. The S-transform is an invertible time-
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frequency spectral localization technique that combines elements of wavelet
transforms and short-time Fourier transform.

The S-transform uses an analysis window whose width is decreasing with
frequency providing a frequency dependent resolution. S-Transform is continuous
wavelet transform with a phase correction. It produces a constant relative bandwidth
anaysis like wavelets while it maintains a direct link with Fourier spectrum. The S
transform has an advantage in that it provides multi resolution anaysis while retaining
the absolute phase of each frequency. This has led to its application for detection and
interpretation of non-stationary signal like power system disturbance signal [5] and
fault analysis. The inrush current and fault current are tuned through S-transform to
get the patterns of inrush current and internal faults. Then the spectral energy and the
standard deviation of inrush current and fault current are computed. The level of
energy content and standard deviation gives the discrimination between inrush and
fault current; accordingly the relay restrains or operates. Also time frequency contours
in both fault and inrush are presented to distinguish the both events. The classification
is done by fuzzy c-means clustering.

Hyperbolic S-Transform and Time-Frequency Analysis
The original S-transform [6] is defined as
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Where S denotes the S-transform of h(t), which isthe actual current signal varying
with time, frequency is denoted by f, and the quantity 7 is a parameter which controls
the position of gaussian window on the time-axis. A small modification of the
gaussian window has been suggested [ 7] for better performance.
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and the S-transform with this window is given by
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where «  isto be chosen for providing suitable time and frequency resolution.

In applications, which require simultaneous identification of time-frequency
signatures of different disturbance in power system like voltage sag, voltage swell,
multiple notch, multiple spike, oscillatory transient, chip etc. and it may be
advantageous to use a window having frequency dependent asymmetry. Thus, at high
frequencies where the window is narrowed and time resolution is good, a more
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symmetrical window needs to be chosen. On the other hand, at low frequencies where
a window is wider and frequency resolution is less critical, a more asymmetrical
window may be used to prevent the event from appearing too far ahead on the S
transform. Thus a hyperbolic window of the form given below is used.
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In the above expression Ka,,, (B, and & is defined as
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Thetrandation by & ensuresthat the peak W, occursat 7 -t =0.

At f=0,W, is very asymmetrical, but when f increases, the shape of W,
converges towards that of W, the symmetrical gaussian window given in equation

(2). For different values of «,, and g, and with ihyz =1. Fig.-1 shows the nature of

the window as the function of time 7 —t . As seen from the figure the change in the
shape from an asymmetrical window to a symmetrical one occurs more rapidly with
increasing f .
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Figure 1: varying window why at f=1,f=0.5 and f=0.25.
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The discrete version of the Hyperbolic Stransform of the internal faults and

N-1
inrush current signal samples is calculated as S[n, j]= " H[m+ n]G(m, n)exp(i2zm)
m=0
, Where N is the tota number of samples and the indices n, m, | are
n=01..N-1m=01..N-1 and j=01....N-1The G(mn) denotes the

Fourier transform of the Hyperbolic window and is given by
2|f | 1242
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and H(m,n) isthe frequency shifted discrete Fourier transform H [m], where

H(m) = %Nih(k) exp(—i 27nk) (9)

m=0

Simulation Study

The smulation study has been done on the system shown in the fig.2. 1000MVA
generator and 450 MV A transformer with 15Kv/220Kv. The study has been made for
inrush current and various internal fault conditions like winding—ground, winding-
winding, winding-winding-ground without load and with load. The sampling rate is
15.36 kHz. Half cycle data has been processed through HS-transform to give the
energy and standard deviation. The simulation model is developed using matlab-
simulink. 200 cases (examples) for internal faults and inrush current at various
conditions were simulated and tested using the proposed method.

O+ /l

Generator Transformer
Load

Figure 2: System model.

Results and Discussion
Feature extraction using S-transform
From the simulation model data for inrush current and interna faults at different bus
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with and without load are generated. The HS-transform of the half cycle data from the
inception of inrush and faults is computed. The normalized frequency contours are
obtained as shown in fig.3 (a) through fig.3 (f). It is clear from the normalized
frequency contours that in case of inrush current the normalized frequency contours
are interrupted in nature compared to internal faults. In case of fault conditions, the
normalized frequency contours are regular throughout the time series.

Apart from the normalized frequency contour for inrush current and fault current,
the spectral energy and the standard deviation of the HS-transform of the signal are
found out. The spectral energy and standard deviation for inrush current and fault
current at various conditions are depicted in Table-1 through Table-2. It is clearly
seen from tables that the spectral energy of the HS-transform of the inrush current is
much less compared to the spectral energy of the HS-transform of the internal fault
current signal. From the spectral energy and standard deviation, the classification of
inrush and internal fault is done using fuzzy C-means clustering technique.
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Figure 3(a): Normalized frequency contours for inrush current of a-phase.
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Figure 3(b): Normalized frequency contours for Inrush current of c-phase.
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Figure 3(c): Normalized frequency contours for winding to ground fault of b-phase.
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Figure 3(d): Normalized frequency contours for winding to winding(b-c) fault of b-
phase.
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Figure 3(e): Normalized frequency contours for winding to winding(b-c) fault of c-
phase.
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Figure 3(f): Normalized frequency contours for Winding to winding(b-c) fault of b-
phase with load.

Table 1: spectral energy and standard deviation for inrush current and fault without
load.

Inrush/Fault (without load) | Energy | Std
inr-a 461.1 | 0.3666
inr-b 212.9 | 0.2040
inr-c 65.2 | 0.0663

ag 1028.0 | 0.7995
bg 821.3 | 0.6974
cg 797.4 | 0.6562
aab 875.7 | 0.6687
bab 792.6 | 0.6184
aca 882.2 | 0.6815
cac 773.3 | 0.6211
bbc 627.0 | 0.5211
chbc 625.5 | 0.4603

Table 2: spectral energy and standard deviation for inrush current and fault with load.

Inrush/Fault (with load) | Energy | Std
inrl-a 425.2 | 0.3538
inrl-b 184.6 | 0.2131
inrl-c 86.0 | 0.1109
agl 975.9 | 0.7632
bgl 779.9 | 0.6795
cal 770.1 | 0.6007
aabl 879.4 | 0.6873
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babl 789.4 | 0.6462
acal 887.5 | 0.7030
cacl 774.9 | 0.6600
bbcl 632.8 | 0.4464
chcl 622.5 | 0.4460

Classification using Fuzzy C-means clustering

After calculating the spectral energy and standard deviation from the HS-transform of
the inrush and internal fault current, classification of inrush current and internal fault
is done by applying clustering technique.
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Figure 4: Fuzzy C-means clustering to discriminate inrush current and internal fault.

Here in this paper Fuzzy C-means clustering is used to generate clusters to
discriminate between inrush and internal fault. The data generated from HS
transform, the spectral energy and the standard deviation are used as 2-D data for
Fuzzy C-means clustering as shown in Fig.4, which clearly distinguish between
inrush current and internal faults.

Conclusions

This paper presents a new approach for discrimination between inrush current and
internal faults in power transformer by pattern recognition technique using HS-
transform. The HS-transform gives the normalized frequency contours for inrush
current and internal fault very distinctly as shown in the figures where second
harmonic is pronounced in case of inrush current compared to faults. Also the spectral
energy and standard deviation are calculated and Fuzzy C-means clustering is used to
distinguish the inrush current from internal faults. As HS-transform is less prone to
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noise compared to Wavelet transform, it gives the effective protection for large power
transformers.
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