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Abstract: - Since long time ago, ceramic insulators are widey being used in power systems. The performances
of the insulators such as surface resistance and flash over voltages greatly affected by environmental
conditions such as pollution and humidity. The pollution may arisein the form of fogs. A large leakage current
(LC) may flow on the surface and degradation may take place. In long term the degradation may lead to the
flash over of the insulators. This paper reports the experimenta results on the effects of humidity and fog
conductivity on leakage current characteristics of ceramics. The samples used are blocks of ceramics with
dimension of 250 x 50 x 20 mm®. The samples were made from same materials for outdoor ceramic insulators.
The samples were put in atest chamber with controlled humidity and artificia pollution conditions. AC voltage
with frequency of 50 Hz was applied. The magnitudes as well as harmonic content of the LC were ana yzed.
The experimental results indicated that under clean fog, LC magnitude amost linearly increased with
applied voltage at low and medium RH. At high RH, LC magnitude drastically increased compared to
those of low RH. At low RH the dominant harmonics number are 5", 3 rd and 7™ with relatively large
amplitude whileat medium and high RH the dominant harmonic components of the L C waveforms are 5" and
3 with smaller amplitude compared to it fundamentals resulting in smaler THD. Under fog condition, LC
magnitude increase with fog conductivity. Compared to the L C magnitude under cdean fog, the LC magnitude
under salt fog was much higher than those from clean fog. At high fog conductivity the oscillation behavi our
of LC magnitude dependence on applied voltage was observed due to the wetting effect of sample surface by
the fog and drying effect caused by the higher LC. The THD of leakage current under salt fog increased with
the gpplied voltage. LC amplitude increases with applied voltage and RH. LC waveforms distortion
significantly decreased with the salt fog conductivity resulting in smaller THD. At given applied voltage the
harmonic components decrease with the increase of fog conductivity.
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1 Introduction operation some pollution such as coastal pollution
Consumption of electric energy steadily increased in with high salt content may attach to the ceramic
the world. In order to deliver the huge amount of the insulators which significantly reduce their properties
dectric  energy  efficiently, high  voltage such as redu_cilon_ of th_e_ surf_ace resistance
transmission systems are required. Insulators is one particularly during high humidity dimate[4-6]. The
of the most important partsin modern el ectric power reduction of surface resistance may enhance the
system. There are glasses, ceramic and polymeric leskage current to flow on the surface and bolster
outdoor insulators widely used in an electric power the aging of the insulator surface[7-9]. The
system. They isolate among live parts and between combination of humidity and pollutant conductivity
live part and ground and as mechanical protector. may cause insulator flashover[10-13].  For
The insulators are widely used a substations, diagnostics of insulators  investigation on  the
transmission as wel as distribution networks[1]. leakage current waveforms on the ceramic insulators
Among them ceramic insulators are the most under polluted condition and the role of humidity is
intensively used worldwide since long time ago[2- important[14-18]. ~ This  paper reports  the
3]. This type of insulators show good mechanical experimental results on the investigation on the
and dectrica properties and less expensive. During effects of humidity and fog conductivity on |eakage

current characteristics of ceramic insulators.
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2 Experiment Setup

Ceramic block samples with dimension of 250 x 50
x 20 mm® were used in the experiment. The picture
of the sampleis shownin figure 1.

Silver
paste

Sample
electrode

Fig. 1 Ceramic block sample

The two ends of the sample were covered by silver
paste to make good contact with the eectrodes. The
sample was put in a test chamber made from
aluminium pand with dimension of 900 x 900 x
1200 mm®. The sample was subjected by clean fog
with certain humidity in the range of 50-98 % or
salt fog with various level of conductivity and
humidity. AC high voltage of 50 Hz was applied to
the sample in the test chamber. The leakage current
flowed on the sample surface was measured by
measuring the voltage across a  resistance put in
series with the sample using a Digital Oscilloscope
TDS 220. The voltage waveforms recorded by
oscilloscope reflected the LC waveforms. The
oscilloscope has bandwidth of 100 MHz, and the
maximum sampling rate of 1 GS/s. The digital data
was transferred to a persona computer trough a
GPIB for further analysis. Harmonic content of LC
was analyzed using FFT (Fast Fourier Transform).
The degree of distortion of the leakage current
waveform from its sinusoidal form of the
applied voltage isindicated by Total Harmonic
Distortion (THD) which is defined as
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where |1 is fundamental component of LC ( 1st
harmonic) and I, is nth harmonic component of
LC. High THD indicates alarge LC distortion.

3 Experimental Results

3.1 Leakage current under clean fog
condition

3.1.1 Effectsof humidity on Leakage
Current magnitudeand THD

Figure 2 shows the dependence of leakage
current of clean sample on the applied voltage
under various relative humidity obtained from
clean fog. It is clearly seen that LC increase
with the applied voltage. The figure aso
indicates that LC magnitude increases with the
relative humidity around the samples. The
increase of humidity from 50 % to more than 85
% may double the magnitude of the leakage
current. The leakage current waveform was
distorted from its sinusoidal form of the applied
voltage.
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Fig. 2 LC magnitude as function of applied voltage
for clean sample under clean fog at various humidity

Figure 3 shows the dependence of total harmonic
distortion of LC waveform of dean sample on the
applied voltage at  low, medium and high humidity.
The figure indicates that THD vaues for dean
sample a low humidity is higher than those THD at
high humidity. This is caused by low vadue of
fundamental component of LC under low RH since
the insulator surface is able to maintain the high
value of regstance a low humidity. At high RH,
the absolute harmonic components were large.
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However, the value of fundamental component of
LC was also highresulting in ardatively low THD.

Suwarno, J. Parhusip

3.1.2 Influencesof clean fog humidity on the
leakage current waveforms

25

Figure 4 shows leakage current waveforms of clean
sample under clean fog at low (a), medium (b) and
high (c¢) humidity for applied voltage of 15, 20 and
25kV. Atlow RH the amplitude of LC is small and
the waveform distortion is high. There is great
distortion at positive haf cycle for high applied
voltage as indicated by LC at 20 and 25 kV. These
are caused by the occurrence of discharges which
easily initiated at positive half cydes compared to
those negative one. The LC magnitudes are much
larger than observed on epoxy resin samples as
reported in[20].
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Fig. 3THD asfunction of gpplied voltage for clean
sample under clean fog with various humidity

'49*400- ol -l A | \ \ ) L jl\ 'j‘ }J\ }\ ’lh
£ ) 1 1 /1714 I;fr\\ AWAWAWA I-r\ ANANANA
s 'mrararavaln-VILVILVILVIRY e
= . L/RVEvEvAYE
n]
HE HE HE
= — - i WY & W A WY A
] [ at Py Facy aly P
[ =l A A A A s A [ <A A AA
Pavavavaval N vaavanyanysay AT YA VERVERY RN
el S AN A ® S V1 (] S -
I - I - I N
0]
) mm mm
— [ [
e A A WY A N A A e 7 A YA WY AN AWV A AN A AN ANA!
rifawawawawas(gll k- /’J \\ /!’ \\\ / \\ / \\\ // \\ = A
UV U U U\ /R A W A A W A VY I = N7 A WA WA W AV
HE N [ — [ —
|
Il -

Fig. 4 LC waveforms for clean sample under clean fog at low , medium and high humidity a applied
voltage of 15, 20 and 25 kV
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Fig 5. Harmonic components of LC waveformsunder clean fog at low, medium and high RH at
applied voltage of 15, 20 and 25 kV

At medium RH as indicated in figure 4 (b), the LC
amplitude is larger than LC at low RH. The LC
waveform  distortion is aso smdler and
symmetrical between positive and negative half
cycles. These are due to the increase of surface
conductance which increases he fundamental
component and reduces the harmonic components
including discharges at postive haf cycles which
distorted the LC waveforms a low RH. The
phenomenon is more clearly observed from LC
measured under high RH as shown in figure 4 (c).
Form the experimental results it can be conduded
that the increase of RH of clean fog increases the
LC magnitude but reduces the harmonic
components and thus reduces aso the THD. The
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harmonic components appeared in the LC
waveforms are shown in figure 5. At low RH the
dominant harmonics number are 5", 3 rd and 7"
with relatively large amplitude. At medium and
high RH as indicated at figure 5 (b) and 5(c) the
dominant harmonic components of the LC
waveforms are 5" and 3 with smaller amplitude
compared to it fundamentals. Thisis the reason why
THD decreased with the RH. The appearance of
the harmonic components were also observed on
polymeric insulators[21].
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3.2 Leakage Current for clean sampleunder salt
fog condition

3.2.1 Effects of Humidity and fog conductivity on
L C magnitude and THD.

Leakage current under salt fog of Low RH
Figure 6 shows the dependence of LC magnitude

on the applied voltage a vaious salt fog
conductivity with low RH.

E 3000 - a
2 2000 1 —1
1000 —1 - -4
0 : i Gl | |
0 5 10 15 20 25 30 35 40 45
Voltage (kV)

- -~ -0.6 mS/cm —@—1.2 mS/cm —g—2.4 mS/cm —g— 3.6 mS/cm

Fig. 6 Dependence of LC magnitude on applied
voltage and fog conductivity at low RH

The figure indicates that in general LC magnitude
increase with fog conductivity. At fog conductivity
of 0.6 , 1.2 and 2.4 mS/cm the LC magnitude
increases amost linearly with applied voltage. The
approximate surface resistance is 26 MW for fog
conductivity of 0.6 mS/cm, 20 MW for fog
conductivity of 1.2 mS/cm and 18 MW for fog
condudtivity of 2.4 mS/cm. At fog conductivity of
3.6 mS/cm the LC magnitude is much higher than
the rest of fog conductivity. The surface resistance
drastically reduced to about 7 MW.
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Fig. 7 Dependence of the THD of LC on applied
voltage and fog conductivity at low RH
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Figure 7 shows the dependence of the THD of LC
on applied voltage and fog conductivity at low RH.
The figure cearly shows that THD significantly
reduced with the increesse of fog conductivity
particularly a applied voltage of lower than 30 kV.
At higher applied voltage THD of LC waveforms
tends to increase more rapidly for fog with higher
conductivity. This is due to the appearance of
intensive discharges which strongly distorts the LC
waveforms a high fog conductivity and increases
their THD.

L eakage current under salt fog of high RH

Figure 8 shows the dependences of LC magnitude
on applied voltage for clean insulators under salt
fog with conductivity of 0.6 , 1.2, 24 and 3.6
mS/cm and at  high relative humidity of 95 %.

15000 1
12000 1’y Flashove}
z )./_ \\
o 9000 S
2 A \
= 6000 3~
(6]
—

3000

. —

0 5 10 15 20 25 30 35 40 45
Voltage (kV)

—e—0.6 MmS/cm —@—1.2mS/cm - -A- -2.4 mS/cm —¢«— 3.6 mS/cm

Fig. 8 Dependency of LC magnitude on applied
voltage and fog conductivity

Fromthefigureitis seen that salt fog conductivity
gredatly affected the magnitude of the LC. Compared
to the LC magnitude under clean fog, the LC
magnitude under salt fog was much higher than
those from clean fog. At fog conductivity of 0.6
mS/cm, the LC magnitude increased amost linearly
with the applied voltage However, a fog
conductivities of 1.2 , 24 and 3.6 mS/cm the
osdllation behaviour of LC magnitude dependence
on applied voltage was observed. This phenomenon
was due to the wetting effect of sample surface by
the fog and drying effect caused by the higher LC
flew on the surface of sample in fog with high
conductivity.

Flash over of the samples were observed at fog
conductivities of 2.4 and 3.6 mS/cm. The flashovers
were observed at gpplied voltage of about 40 kV. At
this gpplied voltage no flashover was observed
under clean fog experiment.

Issue 4, Volume 9, April 2010



WSEAS TRANSACTIONS on SYSTEMS Suwarno, J. Parhusip

Figure 9 shows the total harmonic distortion( THD)

as function of applied voltage at different fog Z: |
condudtivity. Thefigureindicates that in general the

THD of leakage current under salt fog increased g I
with the applied voltage. This means that the o™ H T TR
increase rate of harmonic components of the 0y 1
leekage current were larger than those of 51 iiﬁ iili "Ii “II “ﬁ “I‘ ‘I‘ I
fundamental components. 0 =
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Fig. 9 LC magnitude as function of applied voltage
and conductivity

3.2.2 Effects of Humidity and fog conductivity on LC waveforms
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Fig. 10 LC waveformsof lean sample under salt fog of 1.2 mS/cm at various humidity a applied
voltage of 15, 20 and 25 kV
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Figure 10 shows typical LC waveforms of clean
sample under salt fog of 1.2 mS/cm at various
humidity. The figure clearly indicates that LC
amplitude increases with applied voltage and RH.
At low RH positive discharges started to grow at
applied voltage of about 20 kV. The positive
discharges became large at higher applied voltages.
The appearance of positive discharges can be
explain in term of the initia eectrons which
initiated the discharge process. At low RH theinitia

electrons were g ected from the fog side. At medium asshownin figure 11.

Suwarno, J. Parhusip

RH the positive discharges started to appear at
applied voltage of about 25 kV. At high RH larger
distortion of LC waveforms were observed at
negative haf cycles. This meansthat the discharges
were initiated from sample side. The discharges
contribute to the harmonic
component. The amplitude of the LC increases with
the applied voltage. However, the THD decreases
with the increase of RH since the increase of
harmonic components are smaller than fundamental

especidly the 3

Fig. 11 Harmonic components of LC under fog of 1.2 mS/cm at low, medium and high RH at

applied voltage of 15, 20 and 25 kV
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(c) Conductivity 3.6mS/cm

Fig12 LC waveforms under sat fog with various conductivity at low RH under fog with conductivity
of 0.6, 1.2 and 2.4 mS/cm at applied voltage of 15, 20 and 25 kV

Figure 12 shows the typical LC waveforms
under salt fog with conductivity of 0.6 , 1.2 and 3.6
mS/cm respectively. It is clearly seen that the LC
amplitude increased significantly from 800 nmA at
conductivity of 0.6 mS/cm to 1100 mA at
conductivity of 1.2 mA and more than 5000 mA at
conductivity of 3.6 mS/cm. This was caused by the
increase of sample surface conductivity due to salt
fog conductivity.

The figure also indicates that the waveforms
distortion significantly decreased with the salt fog
conductivity resulting in smaler THD. The THD
reduced from 24.3 % at 0.6 mS/cmto 18.3 % at 1.2

ISSN: 1109-2777

449

mS/cm and further reduced to 9.9 % at sdt fog
conductivity of 3.6 mS/cm.

Figure 12(a) and (b) show that there are
distortion of LC waveforms at positive half cycle.
This is similar to those observed for clean sample
under dlean fog at low RH as depicted in figure 4(a).
The dectric discharges ceased under salt fog
conductivity of 3.6 mS/cm as showed at figure
11(c). This is due to the increase of surface
conductivity and reduction of dectric fidd which is
necessary to produce initial dectron for initiating
the dectric discharges on the insulator surface.
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Fig. 13 Harmonic components of LC under fog of 1.2 mS/cm at low, medium and high RH
at applied voltage of 15, 20 and 25 kV

Figure 13 shows the dependence of harmonic kV, the fundamental component increases from 700
components of LC on sat fog conductivity and mMA under 0.6 mS/cm to 900 mA under 1.2 mS/cm
applied voltage. In general, at applied voltage in the and to 4900 mA under fog conductivity of 3.6

range of 15 — 25 kV the harmonic components mS/cm.

increase with applied voltage at al fog conductivity. Figure 13 shows that the dominant harmonic

At given applied voltage the harmonic components components are 3° and 5" except fog fog

decrease with the increase of fog conductivity. conductivity of 0.6 mS/cm, the LC waveforms
The fundamental  component increases contain the 7" harmonic component with

significantly. At epplied voltage of 15 kV, the considerable large amplitude.
fundamenta incresses from 375 mMA a fog

conductivity of 0.6 mS/cm to 450 mA at fog
conductivity of 2.4 mS/cm and to 3200 mA at fog
conductivity of 3.6 mS/cm. At applied voltage of 25
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4 Conclusion

Leakage current and its waveform of ceramic
insulator have been investigated under clean and salt
fog conditions. The effects of humidity and fog
conductivity on the LC magnitude and its waveform
were elaborated. The experimental results indicated
that under clean fog, LC magnitude almost linearly
increased with applied voltage a low and medium
RH. At high RH, LC magnitude drasticaly
increased compared to those of low RH. At low RH
the waveform distortion was observed at positive
half cydes at applied voltage of higher than 20 kV.
The LC waveform distortion drastically reduced at
high RH and LC waveforms almost sinusoidal. The
results also clearly indicated that at given applied
voltage THD of L C decreased with RH.

At low RH the dominant harmonics number are
5" . 3 rd and 7" with rdatively large amplitude
while & medium and high RH the dominant
harmonic components of the LC waveforms are 5"
and 3¢ with smaler amplitude compared to it
fundamental s resulting in smaller THD.

Under fog condition, LC magnitude increase
with fog conductivity. Compared to the LC
magnitude under clean fog, the LC magnitude
under salt fog was much higher than those from
clean fog. At fog conductivity of 0.6 mS/cm, the LC
magnitude increased amost linearly with the
applied voltage while at high fog conductivity the
oscillation behaviour of LC magnitude dependence
on gpplied voltage was observed due to the wetting
effect of sample surface by the fog and drying effect
caused by the higher LC. The THD of leakage
current under salt fog increased with the applied
voltage.

LC amplitude increases with applied voltage
and RH. At low RH positive discharges started to
grow a applied voltage of about 20 kV. The
appearance of positive discharges can be explainin
teem of the initial eectrons which initiated the
discharge process. At medium RH the positive
discharges started to appear at applied voltage of
about 25 kV. At high RH larger distortion of LC
waveforms were observed at negative haf cycles.
The discharges contribute to the harmonic
especialy the 3 component. THD reduces with
the increase of RH since the increase of harmonic
components are smaller than fundamental .

LC waveforms distortion significantly
decreased with the sdt fog conductivity resulting in
smaler THD. In generd, at applied voltage in the
range of 15 — 25 kV the harmonic components
increase with applied voltage at dl fog conductivity.
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At given applied voltage the harmonic components
decrease with theincrease of fog conductivity.
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