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Abstract - This paper will describe the development of an
acoustic Partial Discharge (PD) detection system to discriminate
the defect sources and the dimension of the particles in a
compressed SK; Gas Insulated Switchgear (GIS). Different types
of material with different shaping will be used as artificial defects
to induce PD in experimental works. PD measurements have
been obtained under AC stress in a uniferm electric field
configuration. Discrimination and classification of the PD
distributions of the studied defects are possible using the
technique of visual and cluster analysis. The aim of visual
analysis is to display the discharge signals in 3 dimensional forms
to increase the visible strength. Cluster analysis is used te study
and calculate the dissimilarity for the statistical parameters for
different kinds of discharge sources and presents it in
Dendogram.

Index Terms -- Acoustics, Clustering methods, Gas insulated
switchgear, Partial discharges, Signal Processing, SF;
Visualization.

I. INTRODUCTION

AS Insulated Switchgear (GIS) apparatus is well known

to power engineers for its superior dielectric performance
compared to the conventional air-insulated apparatus. It is
only the presence of contaminating metallic particles in these
apparatus that severely deteriorates their insulation strength.
The particles cause Partial Discharge (PD), which if no
suitable preventive action is taken can lead to breakdown.
Therefore it is necessary to develop a particle detection system
by which user can detect the presence of metallic or non-
metallic particle in GIS more accurately before it causes
enormous damage to the system and substantially loss in
revenue.

There are various types of diagnostic methods available for
the PD detection in GIS. Acoustic measurements applying
externally located sensors are among the methods that are
being explored. Their high sensitivity to the most common
flaws, namely loose particles and discharges, makes acoustic
methods promising for diagnosis of GIS [1].
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II. EXPERIMENTAL SETUP

All measurements were carried out in a model GIS as
shown in Fig. 1 with system voltage of 14kV and gas pressure
of 50kPa.

_ A. Acoustic PD Detection System

The PD measurement heavily depends on the detection
instrument. On-line PD measurements based on digital
systems have become attractive due to the versatility and
flexibility of data acquisition and analysis at high speeds. A
tow cost computer-based acoustic PD detection system has
been developed for real-time diagnostic as well as on-screen
data analysis.
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Fig. 1. Model GIS and Computer-based acoustic PD detection system.

B. Defect Characterization

The characteristic of the various types of defects running in
GIS apparatus is required for the interpretation of the PD
measurements and development of PD detection system.
Defects in the insulation system may be left after the
production and erection, and may also be produced during
normal cperation. Fig. 2 shows the most common defects that
are taken into consideration, which are:
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1) Free moving particle on the enclosure,
2) Protrusion on earth and live parts,
3) Corona on the electrode surface.
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Fig.2.  Artificial defects for experimental works.

III. PD ANALYSIS

Reference [2} shows that the PD distributions (patterns) can
be evaluated by correlating the PD pulses to the 50Hz or 60Hz
sine wave. By measuring pulse distribution as a function of
the phase angle it is possible to obtain information on the
phenomena that cause these distribution [2]-[4]. Three phase-
position distributions are processed:

1) The maximum pulse height distribution Hy max(2),
2) The mean pulse height distribution H,(<),
3) The pulse count distribution H,(@).

The combination of Hy (&) and H,(<) quantities can be
displayed as a three-dimensional (3D) distributicn having the
advantage of visible strength. However, because of its
complexity, Hg, (&) and H.(&) are to be analysed separately in
two-dimensional [3].

Statistical parameters that are used to evaluate the PD
distributions are [2]:

1) Skewness, Sk — An indicator for the asymmetry of a
distribution with respect to a normal distribution.

2) Kurtosis, Ku — An indicator for the deviation from the
normal distribution.

IV. EXPERIMENTAL RESULTS

All the experimental results presented in this paper were
obtained in the IVAT Laboratory at Universiti Teknologi
Malaysia, using a model GIS. Along the experiments, metallic
particles (Al, Cu) of different shaping are used as artificial
defects to induce PD. Following is the defects of interest:

A. Protrusion on the Electrode.

A needle particle of copper (length = 25mm, dia.= 0.5mm})
was attached on the surface of the electrode. Discharges
generate acoustic signals that have to propagate through both
gas and metal enclosure before they reach the sensor {1}. Fig.
3 shows the discharge pulses, which are correlated with the
applied voltage [5] while Fig. 4 shows the phase-related
distributions in 3D. Discharges appear mainly on the falling of
the positive half ¢y<le and rising ‘of the negative half cycle.
However, when the particle length is decrease, only discharges

on the negative half cycle can be seen. The signal amplitude
and number of pulses increases with the increase of particle
dimension, applied voltage or gas pressure.
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Fig. 4. 3D distribution for particle fixed on the electrode.

B. Protrusion on the Enclosure.

Copper metallic particle {length = 25mm, dia= 0.5mm)
was attached on the inner surface of the GIS chamber. If the
electric field at the tip of the needle type particle exceeds the
withstand level of the gas, discharges could be ‘observed.
Discharges occurred only at the positive half cycle for smailer
dimension particles but on both positive and negative half
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cycle when particle length increase as shown in Fig. 5 and its

3D distribution in Fig,. 6.
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Fig. 6. 3D distributton for particle fixed on the enclosure.

C. Free moving particle on the Enclosure.

At operating voltage, if a free moving particle inside GIS
chamber acquired enough energy it will be lifted off and
bouncing on the enclosure surface. When the particle hits the
GIS enclosure, this results in excitation of an acoustic wave
propagating along the chamber and can be picked up either
with an AE sensor or an accelerometer [6].

For this investigation, a wire particle of copper (length =
25mm, dia.= 0.5mm) was left on the GIS enclosure. The

discharge pulses appeared in both positive and negative half
cycle of the applied voltage as shown in Fig. 7 and Fig. 8.
However, larger signal always dominate at the positive half
cycle.
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Fig. 7. Phase resolved quantities for discharge due to free moving particle
on the enclosure.
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Fig. 8. 3D distribution for free moving particle on the enclosure,

D. Corona on the Electrode surface.

Corcna will occur due to roughness of the electrode
surface. In this case, a flat metallic plate was put inside the -
GIS so that gap between electrode and the enclosure will
decrease and discharges due to corona on the electrode surface
can be detected. Fig. 9 shows the discharges caused by corona
on the electrode surface and its phase-resolved quantities,
while Fig. 10 shows its 3D distribution. Discharges seemed
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alike to signals cause by protrusion

on the electrode with
lower magnitude. : : -
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Fig. 9. Phase resolved quantities for discharge due to -corona on the
electrode surface.
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Fig. 10. 3D distribution for corona on the electrode surface.

V. STATISTICAL ANALYSIS

Visual inspection gave us a preliminary result of defects
sources trapped in a GIS system. However, visual analysis
depends on human eyes and different point of view may leads
to inaccurate hypothesis. Therefore, more systematic method
such as cluster analysis shall be introduced. Using this
method, discrimination between possible clusters can be
achieved. The patterns are represented by fingerprints (see
Fig. 7), and this method examines the distances between all

fingerprints. The result of the analysis is a tree structure,
which illustrates the relationships between individual
fingerprints (see Fig. 8). The percentage scale at the bottom

"shows the dissimilarity between fingerprints . that were

analysed together. By cutting such a tree at a certain
percentage level, the fingerprints can be divided into several
clusters [7]. ' .
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Fig. 7. Fingerprims for both Hg, (2) and Hy (@) distributions of the
investigated cases: (a) Protrusion on the electrode surface, (b) Protrusion on
the enclesure surface, (¢} Free moving particle on the enclosure surface, and
(d) Corona on the electrode surface.
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Fig. 8. Cluster analysis as applied to fingerprints of all measurements as

discussed in this study: Protrusion on the electrode surface (A), Protrusion on
the enclosure surface (B), Free moving particle on the enclosure surface (C),

.and Corona on the electrode surface (D).
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With the cluster method, three different clusters can be
observed. Cluster 1 consists measurements of protrusion on
the electrode surface. Cluster 2 is 2 combination of protrusion
on the enclosure surface and free moving particle on the
enclosure surface. Cluster 3 consists measurements of Corona
_on the electrode surface. ,

In cluster 2, the dissimilarity percentage among the
protrusion and free moving particle on the enclosure surface
was Jow. This can be understood as both defects are placed
upon the same location i.e. on the enclosure surface.
Classification of cluster 1 and 2 help to discriminate the
discharges sources between sources from electrode or
enclosure.

According to the dendogram, corona was distinguished as a
totaily different cluster from cluster 1 and 2. This may because
corona discharging is more stable and the pulses distribute:
more equally along the phase axis. Also, corona discharges are
continuous and exist at the whole voltage cycle but with lower
amplitude compared to other defects.

Cluster analysis is useful for comparison for an unknown
discharges source with the laboratory data. It can be used to
study the similarity level between this unknown sources with a
collection of known situation. If it produces a high simitarity
leve! or being grouped together with a particular known
discharge sources, then the unknown sources can be identify.
However, the result of such recognition process strongly
depends on the test measurement conditions at which the
reference data are obtained, the number of measurements used
to represent a defect and on the way the data bank is
organized.

VL CONCLUSION

GIS is usually tested for discharges using conventional
discharge detection. Due to the increasing automation of PD
measurements in recent years, computer-aided evaluation has
been performed along this research. With the development of
an acoustic PD detection system, stochastic PD signal
processing can be performed easily using a digital tool.

In the study of the PD pattern characteristics, 4 common
defects were investigated. The following conclusions can be
made based on the this study:

1) The acoustic technique is suitable for PD detection and
identifying of the defect in GIS.

2) Analysis of Hy (&) and H,(J) distributions using statistical
operators provide valuable information about the shape of the
distributions. This will then create fingerprints of a discharge
type.

3) The method offers possibilities for defects quantification
and consequently risks assessment of a GIS. However, the
certainty is still low.

VII. ACKNOWLEDGEMENT

The authors would like to thank Associate Professor
Tarmidi bin Tamsir for his fruitful advice and discussion.
They also wish to express their thanks to all the member of
IVAT Laboratory, UTM for their kindly co-operation. In
particular the authors would tike to acknowledge with

gratitude the most valuable assistance given by Mr. Anuar
Kamaruddin during the system installation and experimental
works.

VII. REFERENCES

[1} L. E. Lungaard, M. Runde, and B. Skyberg, *Acoustic diagnosis of gas
insulated substations: A theoretical and experimental basis,” [EEE
Trans. Power Delivery, vol. 5, pp. 17511759, Nov. 19%0.

[2] E. Gulski, and F. H. Kreuger, “Diagnostics of insulating systems using
statisticat tools,” in Proc. 1992 [EEE int. Symp. Electrical Insulation,
pp. 393-396.

[3] E. Guiski, and F. H. Kreuger, “Computer-aided recognition of discharge
sources”, JEEE Trans. Electrical Insulation, vol. 27, pp. 82-92, Feb.
1992.

[4] E. Gulski, “Digital analysis of partial discharges”, IEEE Trans.
Dielectrics and Electrical Insulation, vol. 2, pp. 822-837, Oct. 1995.

[5] M. Visintin, L. Niemeyer, and G. Rabach, “The characteristics of partial
discharge from particles in GIS”, in Proc. /994 IEEE Int Symp.
Electrical Insulation, pp. 277-282.

[6] L. E. Lundgaard, “Particles in GIS:. Characterization from acoustic
signatures™, [EEE Trans. Dielectrics and Electrical Insulation, vol. 8,
pp. 1064-1074, Dec. 2001

[7] E. Guiski, S. Meijer, W. R. Rutgers, and R. Brooks, “Recognition of PD
in SFs insulation using digital data processing”, in Proc. 1996 IEEE
Electrical inswlation and Dielectric Phenomena Conf., pp.577-580.

- 1846 -



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 
	Intentional blank: This page is intentionally blank


