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Study on Discharge Current Phenomena of
Epoxy Resin Insulator Specimen
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Abstract—This paper presents the experimental results of
discharge current phenomena on various humidity, temperature,
pressure and pollutant conditions of epoxy resin specimen. The
leakage distance of specimen was 3 cm, that it was supplied by high
voltage. The polluted condition was given with NaCl artificial
pollutant. The conducted measurements were discharge current and
applied voltage. The specimen was put in a hermetically sealed
chamber, and the current waveforms were analyzed with FFT.

The result indicated that on discharge condition, the fifth
harmonics still had dominant, rather than third one. The third
harmonics tent to be appeared on low pressure heavily polluted
condition, and followed by high humidity heavily polluted condition.
On the heavily polluted specimen, the peaks discharge current points
would be high and more frequent. Nevertheless, the specimen still
had capacitive property. Besides that, usually discharge current
points were more frequent. The influence of low pressure was still
dominant to be easier to discharge. The non-linear property would be
appear explicitly on low pressure and heavily polluted condition.

Keywords—discharge current, third harmonic, fifth harmonic,
epoxy resin, non-linear.

I. INTRODUCTION

EPOXY RESIN is one of most important non-ceramic material of
outdoor insulator, beside porcelain as ceramic material. Several
flashovers are occurred on insulators due to some factors.
However, they are supposed mostly to be caused by pollution of salt.
Despite the extensive investigations carried out on the pollution
performance of outdoor insulator, the flashover characteristic and its
interaction with insulator shape is still not very well understood [1].
When the surface of energize insulator is covered with a
conducting pollution layer, the surface leakage current will flow
leading to dry bands formation in the regions of high current density
and low wetting. Consequently, the voltage redistribution along the
insulator increases the stress across the dry bands resulting in partial
arcs. These are will burn in series with the wet surface resistance. If
this resistance is sufficiently low, the partial arcs will alongate along
the insulator profile and may eventually cause the full insulator
flashover [1].
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A conducting layer is formed on the surface either by wetting the
deposited pollution layer or deposition of conducting water, e.g. acid
rain or salt water from the sea. LC (leakage current) flows through
the conducting layer and heats to form a dry-band. The dry-band
interrupts the LC and the voltage across the dry-band may be high
enough to cause arcing. The partial arc may extend itself as the dry
band is being elongated. To start a dry-band arcing, a dry band must
first be formed. The formation of a dry band directly affects one of
the important parameters, time-to-arcing. The formed dry band may
affect the characteristic of the arcing that will be started
subsequently, by affecting the type of arcing and duration of arcing
[2].

Contamination-causing insulator flashover near coastal areas result
in expensive power outages. The flashover mechanism is as follows;
dry contamination forms a more or less uniform layer on the insulator
surface. The LC path is capacitive, the current magnitude is small and
current shape is fairly sinusoidal with distortion. Moisture on
insulator surface wets the contamination to produce a thin conductive
layer. As wetting progresses, the LC path changes from capacitive to
resistive, and simultaneously, current amplitude increases [3].

The phenomena leading to flashover of a polluted insulator are
extremely complicated. Nevertheless, a highly simplified model can
help to describe the most important processes. The entire mechanism
can be regarded as a race between uniform drying and the cascading
of partial arcs [4]. A basic idea shall be developed using a model
conceived by F. Obenaus [4-5].

The observation of discharge, during its elongation, on an
electrolyte filled channel modelling a polluted high voltage line
insulators shows that the latter emit, from its tip, some branches,
which have a weaker luminous intensity. It was shown that flashover
voltage increased asymptotically as the resistance per length of
pollution rose. Otherwise, the flashover current would reduce as
hyperbola as the resistance per length of pollution [6]. Flashover is
defined as the dielectric breakdown of a gasous atmosphere or
vacuum in the neighborhood of insulating surface. The discharge
initiates and develops in the gas because its dielectric strength is
invariably inferior to that of a solid. Depending on gas pressure and
electrical conductivity of the surface, the primary phenomena can be
totally different, also the flashover progress mostly depends on the
experimental conditions [7].

The objective of research is to investigate some comparisons
between pattern of discharge current phenomena on epoxy resin
specimen. To analyze these current patterns, it was used FFT.

Il. EXPERIMENTAL AND ANALYSIS METHODS

First step was preparing epoxy resin specimen as equipment under
test, for discharge current measurement with artificial pollutant. This
artificial pollutant was NaCl, as one typical of coastal polluted
representation. As we know, a coastal area is one typical of pollution
source [8-9].

The specimen was tested in a hermetically sealed chamber, where
temperature, humidity, pressure and applied voltage could be
adjusted and measured simultaneously.
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The measurements of discharge current and applied voltage
waveforms used a two-channel storage digital oscilloscope. The
measured data could be recorded and transferred to a computer with
USB and could be saved in softcopy form, read and saved in Excel.
The schematic diagram of experimental setup is shown on Figure 1.
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Fig. 1. Schematic diagram of experimental setup

The data of current waveforms were analyzed with FFT. These
implementations used the Danielson-Lanczos method [11]. Thus, it
was obtained harmonics on each current waveform. The total
harmonic distortion (THD) is defined as the total ratio of harmonic
components and the fundamental [10].

I1l. EXPERIMENTAL RESULTS AND DISCUSSION

A. Clean Specimen Condition

1) Low RH specimen condition

Figure 2 shows discharge current phenomenon of epoxy resin
specimen on 23.9°C, 70%, 32.9 KV, of temperature, humidity and
applied voltage amplitude respectively, and without pressure. This is
sample of low RH typical condition. Figure 2(a) is discharge current
and applied voltage waveforms on such condition. It is seen that the
current would discharge suddenly when applied voltage wave closed
to the peaks. It is stated that to reach a discharge, it was necessary a
threshold. For this condition, the clean epoxy resin specimen still had
capacitive property. Thus, the discharge condition did not change the
epoxy resin specimen significantly. In other word, the clean epoxy
resin specimen had capacitive property, although in a discharge
condition. Figure 2(b) shows harmonics frequency spectrum of
discharge current of Figure 2(a). Besides the fundamental frequency,
the other harmonics were visible explicitly. Nevertheless, the second
highest was still fifth harmonics. Figure 2(c) is the characteristics of
applied voltage to discharge current. It is seen that the flash points
were only few, however, their values were very high relatively.
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Fig. 2. Typical waveform of low RH clean specimen

2) High RH specimen condition

Figure 3 shows discharge current phenomenon of epoxy resin
specimen on 26.4°C, 99%, 30.6 KV, of temperature, humidity and
applied voltage amplitude respectively, and without pressure. This is
sample of high relative humidity typical condition. Figure 3(a) is
discharge current and applied voltage waveforms on such condition.
It is seen that the intermittent discharge current was occurrence
suddenly and significantly more rather than that on low humidity. It
was easier to discharge on high humidity rather than on low humidity
condition. Thus, the threshold voltage would be reduced. This case
was caused by the existence of grains of water droplet on the surface
of epoxy resin specimen. These water droplets raised quantity of
discharges. However, the magnitudes of current discharge and
applied voltage reduced explicitly. For this condition, the clean

epoxy resin specimen still had capacitive property. Thus, the
discharge condition did not change the epoxy resin specimen
significantly. Figure 3(b) shows harmonics frequency spectrum of
discharge current of Figure 3(a). Besides the fundamental frequency,
the fifth harmonics was visible explicitly, as second highest of
harmonics. Other harmonics were not visible significantly. Figure
3(c) is the characteristics of applied voltage to discharge current of
high humidity clean epoxy resin specimen. It is seen that the flash
points increased, compared to the flash points on low humidity. This
case was caused by some water droplets on the specimen surface.
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Fig. 3. Typical waveform of high RH clean specimen
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3) Low Pressure specimen condition

Figure 4 shows discharge current phenomenon of epoxy resin
specimen on 26°C, 92%, -16 kPA and 30.6 kV,, of temperature,
humidity, pressure and applied voltage amplitude respectively. This
is sample of low pressure typical condition. Figure 4(a) is discharge
current and applied voltage waveforms on such condition. It is seen
that the intermittent discharge current was occurrence suddenly and
significantly more rather than that on low humidity. Nevertheless, the
peaks of discharge current points were higher than that on high
humidity. For this case of low pressure, the highest peak discharge
current point was 0.4 mA, whereas for high humidity case, the
highest peak discharge current point was 0.288 mA. Thus, the
influence of low pressure was higher than the influence of high
humidity. It is stated that it was easier to discharge on low pressure
rather than on high humidity conditions. Thus, the threshold voltage
would be reduced on low pressure. This case was caused supposedly
by particle of air surrounding the specimen reduced, and furthermore,
they were easier to discharge. Nevertheless, for this condition, the
clean epoxy resin specimen still had capacitive property. It had
capacitive property, although in a low pressure discharge condition.

Figure 4(b) shows harmonics frequency spectrum of discharge
current of Figure 4(a). Besides the fundamental frequency, the fifth
harmonics was visible explicitly, as second highest of harmonics.
Third harmonics was visible significantly enough, as third highest of
harmonics. The lower of pressure, the more visible of third
harmonics. Figure 4(c) is the characteristics of applied voltage to
discharge current of low pressure clean epoxy resin specimen. It is
seen that the flash points increased, compared to the flash points on
low humidity or high humidity.
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Fig. 4. Typical waveform of low pressure clean specimen

4) High Pressure specimen condition

Figure 5 shows discharge current phenomenon of epoxy resin
specimen on 27.4°C, 99%, +17 kPA and 35.3 KV, of temperature,
humidity, pressure and applied voltage amplitude respectively. This
is sample of high pressure typical condition. Figure 5(a) is discharge
current and applied voltage waveforms on such condition. It is seen
that the intermittent discharge current was occurred significantly less
than that on high pressure. Besides that, the applied voltage
amplitude increased to reach a discharge condition. As sample of
applied voltage amplitude, for this case, from 30.6 kV,, on -16 kPa
of pressure, became 35.3 kV.x on +17 kPa of pressure. On other
hand, the peak discharge point was lower, from 0.4 mA became
0.312 mA. It is stated that the increasing of pressure, it caused made
higher of applied voltage amplitude to make discharge process, and
on other word the current discharge point would reduce. It was more
difficult to discharge on high pressure rather than that on low
pressure. Thus, the threshold voltage would be increased on high
pressure. This case was caused supposedly by particle of air
surrounding the specimen increased, and furthermore, they were
more difficult to discharge, due to be compressed. Nevertheless, for
this condition, the clean epoxy resin specimen still had capacitive
property.

Figure 5(b) shows harmonics frequency spectrum of discharge
current of Figure 5(a). Besides the fundamental frequency, the fifth
harmonics was visible explicitly. Figure 5(c) is the characteristics of
applied voltage to discharge current of high pressure clean epoxy
resin specimen. It is seen that the flash points were less compared to
that on low pressure.

0.4 40
0.3 30
, | <
02 1 20 €
< i
E 01+ 10 €
- | [
= o 03
| >
% 01 ( Pl Wo 2
0.1 T-10 @
@) |
0.2 -20 &
<
NV VYV VL
-0.4 -40
TIME (ms)

— CURRENT (mA) - APPLIED VOLTAGE (kV)
(a) Current & voltage waveforms

2271



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:3, No:12, 2009

o
o
a

o
<}
=

AMPLITUDES (mA)
o
o
w

0.02
0.01
a jallnl |0 a - alaln -
1234567 8910111213141516171819202122232425262728293031323334353637383940
HARMONICS ORDER
(b) Current harmonics spectrum
|
— |
N
< _—
w —
& —
<
=
.
9 T T
n 04 -0.3 -0.2 -0. 0.1 0.2 0.3 0.4
L
3 -
o -
o —
<
| o %
44U
CURRENT (mA)

(c) Voltage-current characteristics
Fig. 5. Typical waveform of high pressure clean specimen

B. Lightly Artificial Contaminated Specimen

For lightly artificial contamination sample, the epoxy resin
specimen was immersed in NaCl solution of normal water, with
conductivity of 12.96 mS (milliSiemens). After immersion, the
specimen was dried, and then put inside the chamber.

1) Low Humidity specimen condition

Figure 6 shows discharge current phenomenon of lightly artificial
contaminated epoxy resin specimen on 26.3°C, 68% and 35.3 KV yax
of temperature, humidity and applied voltage amplitude respectively,
and without pressure. This is sample of low humidity typical
condition. Figure 6(a) is discharge current and applied voltage
waveforms on such condition. It is seen that the intermittent
discharge current was occurred slightly to increase compared to
that on low humidity of clean specimen. However, the peak discharge
current significantly increased, for this applied voltage amplitude, it
became +1.01 mA and -1.01 mA for positive and negative peaks. It is
stated that the existence of contaminant, it caused made higher of
peak discharge current, both for positive and negative values. It was
easier to discharge due to existence of contaminant on the specimen.
The threshold voltage would be reduced due to existence of
contaminant. This case was caused by particle of contaminant on
specimen surfaces. Nevertheless, for this condition, the clean epoxy
resin specimen still had capacitive property.

Figure 6(b) shows harmonics frequency spectrum of discharge
current of Figure 6(a). Besides the fundamental frequency, the fifth
harmonics was visible explicitly, and other harmonics were also
visible. However, they were far lower than third harmonics. Figure

6(c) is the characteristics of applied voltage to discharge current of
low humidity for this specimen. It is seen that the flash points were
same, but the peak discharge current values were higher compared to
that low humidity clean specimen.
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(c) Voltage-current characteristics
Fig. 6. Typical waveform of low RH lightly polluted specimen

2) High humidity specimen condition

Figure 7 shows discharge current phenomenon of lightly artificial
contaminated epoxy resin specimen on 26.3°C, 99% and 27.9 KV yax
of temperature, humidity and applied voltage amplitude respectively,
and without pressure. This is sample of high humidity typical
condition. Figure 7(a) is discharge current and applied voltage
waveforms on such condition. It is seen that the intermittent

2272



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:3, No:12, 2009

discharge current was occurred slightly to increase compared to that

on low humidity of slightly contaminated specimen. However, the
peak discharge current reduced, became 0.33 mA on this condition
compared to previous 1.01 mA. This was also caused the applied <
voltage was lower than the previous on low humidity. Thus, it was <
easier to discharge due to high humidity. The threshold voltage ®
would be reduced due to the grains of water droplets. This case was =
caused by particle of contaminant and water droplets on the specimen e
surfaces. Nevertheless, for this condition, the specimen still had Z -0.4 o4
capacitive property. d
Figure 7(b) shows harmonics frequency spectrum of discharge g
current of Figure 7(a). Besides the fundamental frequency, the fifth <
harmonics was visible explicitly, and other harmonics were also
visible slightly. However, they were far lower than third harmonics. .30
Figure 7(c) is the characteristics of applied voltage to discharge CURRENT (mA)
current of high humidity for this specimen. It is seen that the flash
points increased slightly, but the peak discharge current values were (c) Voltage-current characteristics
higher compared to that high humidity clean specimen. Fig. 7. Typical waveform of high RH lightly polluted specimen
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Fig. 8. Typical waveform of low pressure lightly polluted specimen

4) High Pressure specimen condition

Figure 9 shows discharge current phenomenon of epoxy resin
specimen on 27.5°C, 93%, +19.2 kPA and 28.2 kV ., of temperature,
humidity, pressure and applied voltage amplitude respectively. This
is sample of high pressure typical condition. Figure 9(a) is discharge
current and applied voltage waveforms on such condition. On this
condition, the peak discharge current point was 0.27 mA. It was more
difficult to discharge on high pressure rather than that on low
pressure. This case was caused supposedly by nparticle of air
surrounding the specimen increased, and furthermore, they were
more difficult to discharge, due to be compressed. Nevertheless, for
this condition, the specimen still had capacitive property.

Figure 9(b) shows harmonics frequency spectrum of discharge
current of Figure 9(a). Besides the fundamental frequency, the fifth
harmonics was visible explicitly, and other harmonics were not
visible. Figure 9(c) is the characteristics of applied voltage to
discharge current of high pressure clean specimen.
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(c) Voltage-current characteristics
Fig. 9. Typical waveform of high pressure lightly polluted specimen

C. Heavy Atrtificially Contaminated Specimen

For lightly artificial contamination sample, the epoxy resin
specimen was immersed in NaCl solution of normal water, with
conductivity of 17.09 mS (milliSiemens). After immersion, the
specimen was dried, and then put inside the chamber.

1) Low Humidity specimen condition

Figure 10 shows discharge current phenomenon of heavily
artificial contaminated epoxy resin specimen on 44.2°C, 69% and
16.6 kV . Of temperature, humidity and applied voltage amplitude
respectively, and without pressure. This is sample of low RH typical
condition. Figure 10(a) is discharge current and applied voltage

2274



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:3, No:12, 2009

waveforms on such condition. It is seen that the intermittent
discharge current was occurred slightly to increase compared to
that on low humidity of clean specimen. It is stated that the existence
of contaminant, it caused made higher of peak discharge current, both
for positive and negative values. Although on this condition, the
discharge current points were low, due to the applied voltage was
also low. It was easier to discharge due to existence of contaminant
on the specimen. Of course, the threshold voltage would be reduced
due to existence of contaminant. This case was caused by particle of
contaminant on specimen surfaces. Nevertheless, for this condition,
the specimen still had capacitive property.

Figure 10(b) shows harmonics frequency spectrum of discharge
current of Figure 10(a). Besides the fundamental frequency, the fifth
harmonics was visible explicitly, but other harmonics were not
visible significantly. However, they were far lower than fifth
harmonics. The third harmonics was visible slightly. Figure 10(c) is
the characteristics of applied voltage to discharge current of low
humidity heavily artificial contaminated specimen. The peak
discharge current values were lower due to the applied voltage was
lower too.
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Fig. 10. Typical waveform of low RH heavily polluted specimen

2) High humidity specimen condition

Figure 11 shows discharge current phenomenon of heavily
artificial contaminated epoxy resin specimen on 30.2°C, 99% and
16.1 kV . of temperature, humidity and applied voltage amplitude
respectively, and without pressure. This is sample of high humidity
typical condition. Figure 11(a) is discharge current and applied
voltage waveforms on such condition. It is seen that the intermittent
discharge current was occurred significantly to increase compared to
that on low humidity of slightly contaminated specimen. However,
the peak discharge current increased, became 0.22 mA on this
condition compared to that previous low humidity. This was also
caused the applied voltage was lower than the previous on slightly
contaminated specimen. Thus, it was easier to discharge due to high
humidity. The threshold voltage would be reduced due to the grains
of water droplets. This case was caused by particle of contaminant
and water droplets on the specimen surfaces. Nevertheless, for this
condition, the specimen still had capacitive property.

Figure 11(b) shows harmonics frequency spectrum of discharge
current of Figure 11(a). Besides the fundamental frequency, the fifth
harmonics was visible explicitly as second highest amplitude.
Besides that, the third harmonics was also visible significantly, as
third highest harmonics. Figure 11(c) is the characteristics of applied
voltage to discharge current of high humidity heavily artificial
contaminated epoxy resin specimen. It is seen that the flash points
increased significantly.
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Fig. 11. Typical waveform of high RH heavily polluted specimen

3) Low Pressure specimen condition

Figure 12 shows discharge current phenomenon of heavily
artificial contaminated low pressure epoxy resin specimen on 26.1°C,
88%, -19.8 kPA and 9.9 kV,,, of temperature, humidity, pressure
and applied voltage amplitude respectively. This is sample of low
pressure typical condition. Figure 12(a) is discharge current and
applied voltage waveforms on such condition. It is seen that the
intermittent discharge current was occurrence suddenly and more
frequently than the previous. The peak discharge current points could
reach 0.864 mA. Thus, the influence of low pressure was
significantly high. It was easier to discharge on low pressure rather
than on high humidity conditions. Thus, the threshold voltage would
be reduced on low pressure. This case was caused supposedly by
particle of air surrounding the specimen reduced, and furthermore,
they were easier to discharge. Nevertheless, for this condition, the
specimen still had capacitive property. Thus, the discharge condition
did not change the epoxy resin specimen significantly. It had
capacitive property, although in a low pressure discharge condition.
Figure 12(b) shows harmonics frequency spectrum of discharge
current of Figure 12(a). Besides the fundamental frequency, the fifth
harmonics was visible explicitly, as second highest of harmonics. The
third harmonics was visible significantly enough. On this condition,
the third harmonics was third highest amplitude, after fundamental
and fifth harmonics. Figure 12(c) is the characteristics of applied
voltage to discharge current of low pressure heavily artificial
contaminated epoxy resin specimen. It is seen that the flash points
and their amplitudes increased, compared to the flash points on low
humidity of specimen.
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Fig. 12. Typical waveform of low pressure heavily polluted specimen

4) High Pressure specimen condition

Figure 13 shows discharge current phenomenon of epoxy resin
specimen on 28.4°C, 93%, +19 kPA and 9.4 KV, of temperature,
humidity, pressure and applied voltage amplitude respectively. This
is sample of high pressure typical condition. Figure 13(a) is discharge
current and applied voltage waveforms on such condition. It is seen
that the intermittent discharge current was occurred significantly less
than that on high pressure. On this condition, the peak discharge
current point was 0.248 mA. It was more difficult to discharge on
high pressure rather than that on low pressure. This case was caused
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supposedly by particle of air surrounding the specimen increased, and
furthermore, they were more difficult to discharge, due to be
compressed. Nevertheless, for this condition, the specimen still had
capacitive property.

Figure 12(b) shows harmonics frequency spectrum of discharge
current of Figure 12(a). Besides the fundamental frequency, the third
harmonics was visible explicitly, and followed by fifth harmonics.
This case is different from other spectra, that after fundamental
frequency, the second highest amplitude was fifth harmonics. Figure
12(c) is the characteristics of applied voltage to discharge current of
high pressure the specimen on this condition. It is seen that the flash
points were more compared to the flash points on low pressure.
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Fig. 13. Typical waveform of high pressure heavily polluted specimen

IV. CONCLUSION

On discharge condition, the fifth harmonics still had dominant.
The third harmonics tent to be appeared on low pressure heavily
polluted condition, and followed by high humidity heavily polluted
condition. On the heavily polluted specimen, the peaks discharge
current points would be high and more frequent. Nevertheless, the
specimen still had capacitive property. This phenomenon was
different from the porcelain specimen, which it had resistive
property. Usually discharge current points were more frequent. The
influence of low pressure was still dominant, tend to be easier to
discharge. The non-linear property would be appear explicitly on low
pressure and heavily polluted condition.

ACKNOWLEDGMENT

Authors herewith respectfully offer thanks to Research Funding of
Power Electric Scientific Group, Bandung Institute of Technology
(Riset KK — ITB), Bandung Indonesia, for supporting this research
and publication.

REFERENCES

[1] Boudissa, R., Djafri, S., Haddad, A., Belaicha, R., Bearsch, R., Effect
of Insulator Shape on Surface Discharges and Flashover under Polluted
Condition, IEEE Transactions on Dielectrics and Electrical Insulation,
Vol. 12, No.3, June 2005, pp. 429-437.

[2] Huang, Q., Karady, G.G., Shi, B., Tuominen, M., Study on
Development of Dry Band on ADSS Fiber Optic Cable, IEEE
Transactions on Dielectrics and Electrical Insulation, Vol. 12, No.3,
June 2005.

[3] Amarh, F., Karady, G.G., Raji Sundararajan, Linear Stochastic Analysis
of Polluted Insulator Leakage Current, IEEE Transaction on Power
Delivery, Vol. 17, No. 4, October 2002, pp. 1063-1069.

[4] Kind, D., Karner, H., High-Voltage Insulation Technology, Friedr.
Vieweg & Sohn Verlagsgessellschaft, mbH, Braunscheweig, 1985, pp.
57-61.

[5] Obenaus. F., 1935, “Die Uberschlagspnnung verschmutzter isolatoren®,
ETZ.,56, 369-370.

[6] Smaili, A., Mahi, D., Zegnini, B., Study of the Electrical Flashover of
an Insulating Surface Polluted by an Alternating Current Discharge,
www.emo.org.tr/ resimler/ ekler/ 0263dbb2fb8547_ek.pdf, access on
October 2008.

[7]1 Jolly, D.C., Chu, S.T., Surface Electrical Breakdown of Tin-Oxide
Coated Glass, Journal of Applied Physics, No. 50(10), 1979, pp. 6196-
6199.

[8] Vosloo, Wallace L., supervised by Holthhausen, A Comparison of the
Performance of High-Voltage Insulator Materials in a Severely Polluted
Coastal Environment’, PhD Dissertation, Department of Electrical and
Electronic Engineering, University of Stellenbosch, South Africa,
March 2002, pp.9-10.

[9] Vosloo, W.L., Macey, R.E., Toureil, C. de, "The Practical Guide to
Outdoor High Voltage Insulators’, Crown Publications CC.,
Johannesburg, South Africa, 2004, pp.36-37.

[10] Suwarno, ‘Leakage Current Waveforms of Outdoor Polymeric Insulators
and Possibility of Application for Diagnostics of Insulator Conditions’,
Journal of Electrical Engineering & Technology, The Korean Institute of
Electrical Engineering, Vol.1,No.1, 2006, pp.114-119.

[11] OriginLab Co., ‘Origin V75 User's Manual’, OriginLab Corporation,
MA,USA, 2003, pp.601-611.

Waluyo, presently pursues doctoral degree at School
of Electrical Engineering and Informatics, Bandung
Institute of Technology (ITB), Indonesia. His bachelor
and master degrees were from the same institution. He
is also academic staff at National Institute of
Technology (ltenas), Bandung.

2277



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:3, No:12, 2009

Ngapuli 1. Sinisuka, is full professor at School of Electrical Engineering and
Informatics, Bandung Institute of Technology (ITB), Indonesia. His bachelor
was from ITB, and his master and doctoral degrees were from Electronique,
Institute National Polytechnique De Grenoble, France and Electronique,
Electrotechnique, Automatique, Universite Paul Sabatier-Toulouse |III,
France, respectively

Suwarno, is associate professor at School of Electrical Engineering and
Informatics, Bandung Institute of Technology (ITB), Indonesia. His bachelor
and master degree were from ITB, and his Doctoral was from Nagoya
University, Japan.

Maman A. Djauhari, is full professor at Faculty of Mathematics and Natural
Science, Bandung Institute of Technology (ITB) Indonesia. His bachelor was
from ITB, and his Master and Doctorate were from Universite de Montpellier,
France.

2278



