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Abstract

Transformer fault detection during impulse tests has always been an important topic in power engineering. Transformers connected to
overhead lines are often prone to lightning strikes and resulting winding damage. For assessment of their insulation strength against
such impulse stresses they are usually subjected to lightning impulse tests after assembly. In the case of a fault inside the winding, the
shape of the winding current changes as compared to that of a healthy winding. The pattern of the fault current depends on the type of
fault and its location along the length of the winding. This paper investigates Conventional procedures of fault diagnosis involved
visual examination of the oscillographic records in time-domain and also applying the Fast Fourier Transform (FFT) algorithm to
analyze the transformer ‘fingerprint’ in the frequency-domain. Actually, this method is straight forward technique for interpretation of
minor impulse faults in transformers. Also Simulation results obtained for a range of distribution transformer digital models are
presented to illustrate the ability of this approach to classify insulation failures during impulse testing. The proposed method has been
applied for impulse fault analysis of a analog model of a 12kVA single phase transformer.
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1. INTRODUCTION

High voltage power transformers are subjected to full and
chopped impulse voltages of specified values in accordance
with the standard requirement to as certain the insulation
integrity. Partial or complete failure of transformer is reflected
in the change of voltage or neutral current transient
characteristics. Accurate diagnosis of faults in transformers can
significantly enhance the safety, reliability, and economics of
power systems. In the case of a fault, it has been established
that the pattern of the fault currents contain a typical signature
of the nature and location of the fault for a given winding. The
transfer function technique has proved quite effective in
diagnosing the fault in the transformer.
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Distribution transformers connected to overhead lines have
high probability of lightning impulse attacks. Especially since
the need for employing lightning arresters are often overlooked
for smaller range distribution transformers. Impulse testing of
transformers after assembly is now an accepted procedure for
the assessment of their winding insulation strength to impulse
over voltages. Impulse voltages of the standard specifications
[1, 2] are generated in the laboratory and applied to the

transformers. Fault may occur in the winding during such tests
due to improper or inadequate insulation. In the case of such a
fault, it is essential to detect the fault and its location in the
winding for repair work. Finding the fault location manually
involves taking the winding out of the tank—and this involves
a lengthy procedure. For many years now, the applied impulse
voltage and the resulting current waveforms were analyzed
manually by studying oscillographic records [2-6]. Any
deviation in the current wave shape corresponding to the
reduced impulse voltage and the subsequent full impulse
voltage was attributed to a winding fault. Such manual
interpretation of the waveform patterns for fault identification
and classification was invariably dependent on the knowledge
and experience of the experts performing the analysis. With the
advent of digital recorders and analyzers, there has been an
increasing trend to use the frequency domain analysis,
particularly the transfer function approach [7-9] for fault
classification. In this case, once again, fault diagnosis was
based upon identification of any deviation between the transfer
functions corresponding to reduced and subsequent full impulse
voltage tests.

In general, a diagnostic procedure depends on the
understanding of the physical behavior of the transformer
winding under consideration. In this phase, the knowledge of
well-tested models able to simulate the transformer winding in
different fault conditions is important to obtain the patterns
characterizing the faults. High frequency modeling of a range
of distribution transformers is incorporated into the simulation
using the PSPICE package. The simulation also involves the
modeling of the faults between any disc and the earth and
between any two discs of the transformer windings. In order to
carry out analysis, faults are also created in turns of the tapping
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winding of a 12kVA, 220/75000V single phase Transformer at
different locations. Neutral currents are recorded by applying
low voltage impulse through impulse Generator. Contribution
of each frequency in time domain signal is calculated. The
proposed method can be used for isolating the contribution due
to any frequency change in the waveform.

Maleswki et al [10] reported earlier that an impulse response
analysis could identify faults from resonant frequency shift and
resonant pole damping. However, all of the previous
approaches fell short of explaining the changes in transfer
function in relation to a mathematical model of a transformer in
locating faults along the winding. Future research should
concentrate on these issues as well. In this paper, a
comprehensive analog model is proposed which can model
leakage faults and partial discharges as well as winding
displacement, short circuit etc. These results contributes to
enrich the ability of the transfer function approach as an
excellent tool for condition monitoring by locating faults in
power transformers.

2. TRANSFORMER MODEL
2.1 Simulation Model

Several authors [11, 12] in the past have developed analog
model of a transformer capable of studying impulse voltage
distribution and electromagnetic transients. In all the models,
the discs winding of the HV sides of the transformers have been
represented by a network with lumped parameters as shown in
Fig. 1. These parameters include self-inductance, mutual
inductance, series capacitance, ground capacitance and the
winding resistance. The parameter ‘ground capacitance’
consists of several components including (i) capacitance
between impulsed HV winding and grounded LV winding on
the same limb, (ii) capacitance between the impulsed HV
winding on side limb and the grounded transformer tank, (iii)
Capacitance between impulsed HV winding on one limb and
non-impulsed HV winding on another side limb. On the other
hand, the parameter ‘series capacitance’ is composed of (i)
inter-turn capacitance and (ii) inter-disc capacitance.

Table: 1 Transformer design data

P 100 300
Vv 6.6/0.44 6.6/0.44
D 12 14

oD 265 331
ID 220 381
T 1152 1120
L 78 95
C, 0.6 0.8
C. 2.6 1.9
R 2.7 0.47
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Figurel. Equivalent circuit of a single transformer winding at
high frequencies

2.2Types of Fault Simulated

Insulation failures may result in two classes of winding faults in
a transformer during impulse tests—namely series and shunt
faults. Series fault implies insulation failure between the discs
or between the turns, while shunt fault represents insulation
failure between the winding and earthed components like tank,
core, etc. A series fault has been simulated with a low
resistance discharge path between two consecutive discs. A
shunt fault has been simulated by a similar discharge path
between a particular disc at the top/middle/bottom end of the
winding, as the case may be, and the grounded tank. The
winding current records corresponding to the reduced voltage
level (calibrating wave). All the current waves considered for
analysis have been converted into a per unit scale to effectively
take into account the possible variations in current wave due to
applied voltage wave magnitude variations. Each fault has been
made to involve 5-10% of the entire winding length. To
investigate the sensitivity of the proposed method, shunt faults
were simulated at three different locations along the length of
the winding—namely line-end, middle and earth-end of the
winding. Series faults simulated at different locations in the
winding, however, did not show appreciable variations in the
corresponding current waves. This may be due to the limited
number of discs present in the range of transformers under
study.
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Table 2 Types of different faults simulated
Acronyms Faults
NF No-fault 16080
SEE Series fault at end
SES Series fault at starting -end
18.88U
SEM Series fault at mid-winding
SHE Shunt fault at end 19. ‘ ‘ ‘ ‘ .
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o W(L17:2) -+ U(C142:2) i
SHM Shunt fault at mid-winding Toe
Fig 4. Time-domain plot for simulated series fault at start and

middle section in 300 kVA transformer

wv*uvav¢<“°&ze 2450
[across the load R MU
s

{normal condition) et 2. 060 il
magnitu | % i
de-tui) | A /WW

aF-Current
healthy winding

1.88U4
—454

h Ry
i Wi Serias fault in Srd
i dise

SFM
-2305 ﬂ.%ms ﬂ.‘2ms B.I3|n5 B.lluns n.!lims n.lﬂms o0 k‘n o M _"SFS

o W(C14:2) < —I{R17) = -I{R171) a W(L37:2) - W(L37:2) T T
Time BHz 5B8KHz 188KHz 158KHz 28BKHz 250KHz

o U{L17:2) - U{C142:2)
Freguency

Fig. 2 Time-domain plot for simulated series fault at start
sectionin 300 kVA transformer Fig 5. FFT plot for simulated series fault at start and middle

section in 300 kVVA transformer
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Fig. 6. Time-domain plot for simulated shunt fault at line-
endsection andTime-domain plot for shunt fault at mid-winding
section of a transformer

Shunt Fault at disc

2.3 Analog model

Fig3. Sample fault of the simulation model. An analog model used has a specification 12-kVA,
220/750001V, single-phase, 50-Hz, transformer. The high-
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voltage (HV) winding of the transformer is considered to be
impulse tested as per IEC publication 76-3, 1980 [1]. The
impulse data acquisition setup incorporating the analog model
is shown in Fig. 7.The impulse voltage and winding current
waveforms reduced impulse waves were recorded by a
Tektronix model-714L, 500-MHz, 4 channel DSO 500-
MSamples/ s digital storage oscilloscope. The waveforms were
then transferred to the PC through an RS-232 interface. The
“Wave Star” software was used in the PC for acquiring the data
from the oscilloscope. The waveforms were subsequently
transferred to the data storage of the system.

Fig7. Experimental analysis of impulse faults in 12kVA
transformer

Fig8. Sample disc coil of the analog model
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Fig9. Spark over during LI under normal healthy
condition transformer
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Fig12. Spark over during LI under multiple faults
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Fig13. Spark over during LI under shunt fault

3. FAULT CLASSIFICATION

Frequency-domain analysis

The rule-base corresponding to frequency-domain analysis
involves comparison between the TFs calculated for the
calibrating impulse wave and the impulse wave at BIL. The TF
is calculated from the Fast Fourier Transform (FFT) of the
current and voltage records as:

TF=EET (i) @)
FFT (v)

The detection of the type of fault and its location determination
is then based upon the diagnostic indexes calculated from
certain parameters such as deviation in the resonant poles, their
magnitudes as well as frequencies between the two TFs at
calibrating level and BIL, respectively. A turn-to-turn fault will
introduce new poles at the high frequency part of the TF plot or
in other words will shift the original poles towards a higher
frequency as shown in Fig. 14 [19]. According to [15,17] shunt
fault at line-end section is characterized by a huge increase in
the magnitude of fault current and large attenuation of the
oscillations*/ in most cases the corresponding resonant poles
are Completely shaved off. Shunt fault at mid winding section
is characterized by an increase in the oscillation frequency [14,
15, 16, 17], which is depicted by a large shift of the poles of the
TF towards higher frequency. Shunt fault at earth end section,
however, only shifts the oscillation peaks without changing the
frequency or magnitude of oscillation much. As described by
Vajana et al. [18], the FFT curves for both the current and
voltage waves need to be calculated up to 200 kHz with at least
1000 sampling points. However, the first few dominant poles of
the TF being confined within a span of 100 k calculated up to a
frequency of 100 kHz it is sufficient to carry out fault diagnosis
based on TFs calculated up to a frequency of 100 kHz.

.8 24
f (MHz)

Fig14. Frequency-domain plot (TF) for coil-to-coil series fault

CONCLUSIONS

This paper reports an method to identify and find the location
of different types of impulse faults in transformers using time
and frequency domain analysis. The incorporation of both the
time and frequency domain analyses ensures high reliability in
the fault diagnosis process. In the current work, PSPICE based
high frequency digital model studies for a range of
transformers, 100 and 300 kVA have been used in conjunction
with published literatures. Winding currents in transformers
vary to different extent depending upon the type of impulse
faults. Using the proposed method we can identify the fault s of
the transformer during impulse test.
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