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Abstract— Partial Discharge (PD) is an electrical phenomenon
which causes insulation to deteriorate and frequently is the
reason for breakdown of an insulation system resulting in failure
of the equipment. This project is conducted in order to identify a
detected partial discharged using non-contact type of acoustic
measurement. This study will be performed with laboratory
experimental work in order to validate the experimental data.
With the aid of an ultrasomnic probe as detecting device, the
ultrasonic signal is recorded and the data will be analysed in
personal computer (PC) with the aid of MATLAB software. The
recorded time-domain signal is then transformed into frequency-
domain by using the S-Transform (ST) analysis. This study is to
detect the acoustic PD and classify the pattern of ultrasonic
sound emitted.
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1 8 INTRODUCTION

Partial Discharge (PD) phenomenon is one of the major
factors that may lead to insulation deterioration in power
transformers. Partial discharge occurs in gaseous, liquid, solid
or in any combination of insulation system at extremely non
uniform field locations above particular field intensity. In this
study, the term partial discharge refers to a discharge that does
not completely bridge the space between the electrodes. The
discharge may be in a gas filled void inside an insulating
material, or around an electrode in a gas [1]. But partial
discharges are considered to be the major reason for aging and
eventual failure of electrical insulation, so measurements of
partial discharge activity are an item in the test program for
most types of high voltage /radio frequency equipment [2].

Several techniques were developed to detect partial
discharge activity. Acoustic detection has been utilized for PD
signal detection in power transformers. Acoustic detection has
several advantages compared to other techniques such as: it is
immune to electromagnetic interference and it can be used to
locate the PD activity [3-7].

The objective of this study is to classify the different type
of partial discharge from the pattern of the ultrasonic sound
emitted. The S-Transform (ST) will be used to analyse data
from the experimental ultrasonic in laboratory. ST is
employed to obtain the time-frequency representation of
original PD pulses.

II.  S-TRANSFORM (ST)

The ST originally proposed by the geophysicist Stockwell
[8], is a time-frequency representation known for its local
spectral phase properties. A key feature of the ST is that it
uniquely combines a frequency dependent resolution of the
time-frequency space with absolutely referenced local phase
information. This allows one to define the meaning of phase in
a local spectrum setting, and results in many advantageous
characteristics. It also exhibits a frequency invariant amplitude
response, in contrast to the wavelet transform.

ST can be expressed as an operation of the Fourier spectrum
X(f) of x(0):
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Illustrations of the properties of the ST approach are given
and a comparison to wavelet transform is performed. The ST
is shown to have absolutely referenced phase information, a
quality that the continuous wavelet transform is lacking. In
addition, the ST is shown to have a frequency invariant
amplitude response in contrast to the continuous wavelet
transform which attenuates high frequency signals relative to
the low frequency signals [9].



. METHODOLOGY

In this study, an ultrasonic detector is used to measure the
acoustic PD signals. This device capable of recording and store
the ultrasonic sound detected. The 40 kHz of frequency of the
ultrasonic device has been used and it is the best detection
frequency which is also adopted in this work. The acoustic
signal detected from the ultrasonic device varies from 16 dB to
18 dB. The ultrasonic probe is placed 0.6m in front of the test
object because the better signal will be obtained and also for
safety. The flow chart in Figure 1 shows the illustration of
methodology during experiment works.
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Figure 1. Flow chart of methodology.

A. Experimental work

The experimental works begin with the arrangement
and the setup of the apparatus in order to produce the partial

discharge. There are step procedures of the experimental in
gathering the PD data. Firstly, a device called ‘Hipotronics
AC Dielectric Test’ at operation frequency of 50 Hz supply
high voltage to device under test (DUT) using high voltage
cable. After that, the acoustic signal of the PD source will
be measured using the ultrasonic device placed 60cm from
the PD source. The measured data will be converted into
waveform graph. Next, the converted PD waveform graph
will be plotted using ST in MATLAB software. Finally,
from the plotted waveform, compare the pattern of graph
obtained from the tabulated results to define the type of PD.
The illustration of non-contact method is shown in Figure 2.
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Figure 2. Block diagram of the non-contact method.

B. Partial discharge types

The following subsection shows the types of PD produced in
the experimental works.

1) Internal Discharge

A set of test vessel with capabilities to withstand
high voltage in order to produce the internal discharge
was used as shown in Figure 3. The vessel must be in
air tight condition. The perspex has been used in order
to avoid the corona discharge and it’s placed in the
middle of the electrode (brass plate).

While for the internal discharge experiment, the test
vessel also is injected 3kV at the starting. During this
time, there are no PD occurs. After increasing the
voltage to 7kV, the internal discharge occurred and the
acoustic sound emitted is recorded for 10 seconds. The
acoustic sound emitted at internal discharge is lower
than surface discharge. The complete breakdown occurs
after the voltage increased at 7.8kV.



Figure 3. Set of test vessel for produce internal discharge.

2) Surface Discharge

Two brass plates have been used as the electrode
for the surface discharge as shown in Figure 4. Similar
to internal discharge, the perspex is used as insulation
material that is placed in the middle of the electrode
(brass plate). The top electrode is injected with high
voltage and the bottom electrode is connected to
ground.

For surface discharge experiment, the test object is
injected 3kV voltage at the starting. At this time, there
are no PD occurs by using ultra probe detector. After
the voltage increased at 6kV, the surface discharge
occurred and the acoustic sound emitted is recorded for
10 seconds before complete breakdown happened.

i

Figure 4. The apparatus arrangement for the surface discharge.

IV. RESULT AND DISCUSSION

All measured data is converted into waveform graph. The
converted PD waveform graph will be plotted using ST in
MATLAB software. The results obtained from the matrix
computation are plotted as shown in figures below.
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Figure 6. The Contour when PD occurs at surface discharge.
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Figure 7. The Contour when PD occurs at internal discharge.

Figure 5, 6, and 7 show the different contour of each partial
discharge types. The contour when non PD occurs is normal
and there is no different colour. While the surface discharge
and the internal discharges have their own characteristic of the
contour. The surface discharge contour show the PD occurs is



obvious for the certain part than the contour at internal Figure 8, 9, and 10 shows the graph plotted from the inverse
discharge is scattered. matrix of ST analysis. The pattern from graph is different.
When no PD occurs, the magnitude of discharge is below than
the PD occurs at internal discharge. While the magnitude of

discharge at surface is obvious sharpness for certain part than
0.025 ' ‘ ' internal discharge. All of this graph will be clearer by
_ . S converted the s transform matrix computation into sum
0.02! , absolute as shown in figure below.
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Figure 10. The inverse matrix graph when PD occurs at internal discharge.
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Figure 13. The Sum Absolute graph when PD occurs at intemal discharge,

Figure 11, 12, and 13 shows the sum absolute graph from
computation matrix of ST analysis. When no PD occurs, the
maximum value of sum absolute is 0.5284. For surface
discharge, the maximum value is 11.54. While for internal
discharge, the maximum value is 1.077. The maximum value
sum absolute for surface discharge is greater than internal
discharge while the maximum value sum absolute for internal
discharge is greater than non PD occurs.

TABLE1 MAXIMUM DATA IN EACH 2 COMPLETE CYCLE.
Type of Maximum Data Sum Absolute in Each 2 Complete Cycle
D Datal | Data? | Data3 | Datad | Data’
Non-PD | g 5284 0.4343 0.4535 0.4802 04774
Surface | 115400 | 141000 | 13.1800 | 17.6400 | 11.1600
Internal 1.0770 1.0880 1.7130 1.4250 1.5530
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Figure 14. The comparison maximum data in each 2 complete cycle.

Table 1 and Figure 14 shows the comparison maximum
data in each 2 complete cycle. 20 data in each 2 complete
cycle sum absolute have been plotted in graph. The graph
shows the highest maximum amplitude is known as PD
surface. The middle maximum amplitude is known as PD

internal while the lowest maximum amplitude is known as
Non PD. From tabulated results, it shows the different pattern
of plotting graph and the different values of each type of
partial discharges.

CONCLUSION

This study is to classification the different type of partial
discharge (PD) from the pattern of the ultrasonic sound
emitted. The result obtained by using ST is presented. It can
be concluded the advantages of using ST is employed to
obtain the time-frequency matrix of the registered PD pulses,
to extract more information and eliminate the influence of
pulse polarity. The ST amplitude matrix is used to compute
the similarities between various pulses. The types of PD have
been classified by comparing the maximum amplitude data
and the pattern of the contour obtained.
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