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Leakage Current Analysis and FFT Calculation on
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Abstract—In case of wet pollution, pollution layer create an
appropriate path for leakage current and increasing of this
pollution leads to more values of this leakage current. Therefore
for better recognition of insulator changing process from
normal state to fault outbreak, studying of leakage current and
artificial aging models is necessary. In this paper, the
experimental test results on polymer insulator with voltage of
20 KV have been shown. Artificial aging on insulators has been
done using solid layer methods according to IEC60507
standard. Leakage current waveforms during the experimental
studies were measured. Normally fast Fourier transform (FFT)
method used to find the harmonic spectrum in the leakage
currents. Three states of analysis are considered. In the first
stage, it is done with nominal voltage and without arc. In the
second state, it is done in presence of dry band arcing and
corona discharge and in the last case, continues arc is
investigated and in each stage harmonic analysis is performed.
It is observed that in last stage the 3" harmonic components
increase rather than two previous stages.

Index Terms—Aurtificial aging, leakage current, polymer
insulator, solid layer pollution.

. INTRODUCTION

Polymeric insulators were considered as replacement for
porcelain and glass for special applications such as areas with
high incidences of vandalism, urban locations with
limitations on right of way and areas of severe contamination
problems due to their superior properties such as light weight,
superiority  in  mechanical  strength and  high
hydrophobicity[1].

Where silicon rubber is used as an outdoor insulator,
various environmental factors such as ultraviolet light, rain
and air pollutant deteriorate the material properties. Then,
tracking and erosion are caused by electrical factors such as
arc and corona partial discharges, when the power system is
in operation tracking and erosion of polymer sheds, chalking
and crazing of sheds which lead to increased contamination,
arcing and flashover, bonding failures and electrical
breakdowns along the rod-shed interface and corona splitting
of sheds which lead to electrical breakdown [2].

It is well known that aging, which leads either to tracking
or erosion or to flashover under contaminated conditions at
normal operating voltage, is still the main cause of failures
for non-ceramic insulators [3]. Exposure to dirty
environment makes easily insulators polluted. After the
polluted layer being wetted, the insulation capacity of the
contamination insulator will be decrease, and flashover is
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often invited which seriously impacts the reliability of power
supply. Pollution existence and humidity increase the leakage
current and surface arc. Subsequently it leads to insulator
electrical flashover and loss of transmission lines [4].

The electrical characteristics of the material for a
long-term have not been explained sufficiently. Therefore,
the foundations of estimation index and diagnostic methods
are strongly required. Until now, there has been considerable
research effort in the development of diagnostic methods.
The diagnostic factors are surface conductivity,
hydrophobicity, equivalent salt deposit density ESDD,
flashover voltage FOV and leakage current.

The leakage current provides information on the amount of
contamination on a polluted insulator. The relationship
between the leakage current and the discharge phenomena
have investigated on the polymer material under wet
condition. In general, during aging test, two kinds of
discharges are observed that can evaluate the insulation
performance. One of them is corona partial discharge that
occurs between water droplets. The other is dry band arc
discharge that occurs between dry bands on the surface of the
polymeric material that may cause tracking and erosion
phenomena, its cumulative charge is much larger than that of
a corona discharge[5].

Therefore study of the pollution effects on the leakage
current and avoiding of its occurrence will get much special
importance and in this paper, both of leakage current and FFT
analysis of polymeric insulator has investigated on artificial
pollution.

Il. EXPERIMENTAL TEST
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Fig. 1. Schematic of experimental setup

In order to execute the tests on contaminated insulators and
measure leakage current and save the data, the laboratory
setup was prepared as shown in Figure 1. This setup consists
of 100 kV, HV transformer that used for energizing the
insulators to the required voltage stress, data acquisition
system provided the LC (Leakage current) related
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information, i.e. the time variation of LC, such as maximum,
average waveforms. data acquisition consist of digital
oscilloscope to save data, protecting circuit was used to
isolate measuring instruments from high voltage and it
consist of back connected Zener diodes (15 V) for
overvoltage protection, Shunt resistor was used for
measuring leakage current.

B. Insulators Contamination

Because of the initial hydrophobic nature of polymeric
insulators it is rather difficult to apply artificial contaminants
and to ensure that they adhere to the surface for the duration
of the test. A method of application of artificial
contamination on SiR (silicon Rubber) which was reported to
provide a uniform contamination layer was discussed in [6].
Kaolin Powder is deposited after spraying the surface with a
fine mist of water droplets and allowing it to dry. The
insulator is immersed in the slurry of contaminants and dried.
Kaolin composition consists of 40 g kaolin, 1000g tap water
and 10g NaCL. When the Volume conductivity of tap water
is higher than 0.05 S/m, the use of distillery water is
recommended [6].

C. Test Insulators

Two Silicone Rubber (SiR) insulators of rating 20 kV
(L-L) were used for laboratory artificial aging study. Fig.2
illustrates the Photographs of actual insulators as well as test
arrangements. Table 1 shows the characteristics of tested
insulators. After measuring leakage current, ESDD was
measured according to IEC60507 to determine the amount of
insulators’ surface contamination level.

Fig. 2. Photograph of tested insulator

TABLE I: CHARACTERISTICS OF TESTED INSULATOR

Specification unit SiR
Insulator number - 1
Voltage class KV 20
Leakage distance mm 770
Shed diameter mm 100
height mm 235
Mechanical tension
Strength KN 0

Initially a clean 20 KV silicon rubber polymer insulator
was tested with an applied voltage of 11.5 kvrms. No visual
discharges were observed under this test condition. Fig. 3(a)
shows the typical waveform of LC obtained at this test
condition. It is noticed that even at high relative humidity
negligible amount of LC only flows on the surface of the
insulator due to clean surface condition. Fig.3 (b) shows the
Frequency spectrum plot of the leakage current during clean

LEAKAGE CURRENT UNDER CLEAN SURFACE
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surface condition. It is observed that the LC signal under
clean surface condition contains the higher order harmonic
components like 4" 5" and 7. Also, it is noticed it was
observed that in clean condition, the 5™ harmonic component
was always greater than the 3™ harmonic. That is, the
insulator was in its normal condition. In the polluted dry
condition the harmonic content does not change, its look like
a clean condition.
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Fig. 3.a. Leakage current of 20KV clean insulator
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Fig. 3.b. Frequency spectrum of leakage current on 20KV clean insulator

IV. LEAKAGE CURRENT UNDER POLLUTION
CONDITION

Sometimes transmission and distribution lines passes near
the coastal, desert and industrial areas. Therefore, insulators
are exposed to the outdoor environment. In this environment,
different types of contaminants like NaCl, CuSo4 salts are
coming from the different sources and deposited on the
insulator surface. Salt contamination makes a drastic
reduction in the breakdown insulation level of the affected
insulators, which will lead to flashover.

Artificial ageing tests should simulate actual field
conditions as much as possible and test results should be
validated by the performances in actual fields. They want to
evaluate degree of ageing deterioration of a polymer insulator
by means of the magnitude of leakage current and/or its
cumulative charge flowing on that specimen polymer
insulator. It is pointed out; however, that conductive current
flowing only in contaminated and wetted layer on the surface
of a polymer insulator without any discharge would not
deteriorate the surface so much compared with the case of
corona discharge or dry band arc currents. The typical surface
leakage current pattern has been recorded on the following
three levels:

A. Conductive Current

For completely wet surfaces, which were obtained in the
successive contamination tests, LC also appeared to be
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sinusoidal but resistive and at higher level (Fig.4 (a)). The
cases in which the hydrophobic properties were either
partially lost or a weak dry band activity started, the patterns
could be resistive and nonlinear. It is observed that the LC
signal (Fig.4 (b)) shows the Frequency spectrum plot of the
leakage current during pollution surface condition. It is
observed that the LC signal under pollution condition
contains the 3" harmonic components greater than 5" and
other harmonic component. All of the result was shown in
table 2.

Leakaze cuarent {mA)

Fig. 4.a. Leakage current of 20KV polluted insulator
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Fig. 4.b. Frequency spectrum of leakage current

TABLE II: RESULT OF LEAKAGE CURRENT AND HARMONIC ANALYSIS ON
POLLUTED INSULATOR

e |
1* harmonic(mA) 6.017

3 harmonic(mA) 0.3684
5" harmonic(mA) 0.1314

7" harmonic(mA) 0.03365

9" harmonic(mA) 0.01131
11" harmonic(mA) 0.01028
13" harmonic(mA) 0.00485

B. Dry Band Arcing and Corona Arcing

We have investigated the relationship between the leakage
current and the discharge phenomenon on the polymer
material under moist condition. In general, two kinds of
discharges are observed during test which can evaluate the
insulation performance. One of them is corona partial
discharge that occurs between water droplets, in which Si-C
bonding of silicon rubber is broken down by photon energy
because the photon energy due to the corona discharge is
larger than the bonding energy of Si-C. Therefore, the corona
discharge activity on the hydrophobic surface can be used to
define the insulation surface condition. The other is dry band
arc discharge that occurs between dry bands on the surface of
the polymeric material. Thus, the dry band arc discharge and
the corona discharge influence the insulator performance and
therefore it is necessary to investigate their characteristics in
aging test [7].
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The nonlinear behavior, as the one in Fig.5(a) occurred
during and prior to the visible discharge activity and,
therefore, the discharge currents can be considered as a spike
appearing on the crest of a nonlinear LC waveform. Fig.5 (b)
shows the Frequency spectrum plot of the leakage current
during pollution surface condition. It is observed that the LC
signal under pollution condition contains the 3™ harmonic
components great higher than 5" and other harmonic
component. All of the result was shown in table 3.
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Fig. 5.a. Leakage current of 20KV contain dry band arcing
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Fig. 5.b. Frequency spectrum of leakage current on 20KV polluted insulator
contain dry band arcing

TABLE Ill: RESULT OF LEAKAGE CURRENT AND HARMONIC ANALYSIS ON
POLLUTED INSULATOR CONTAIN DRY BAND ARCING

i of ke
1% harmonic(mA) 1.131

3" harmonic(mA) 0.3404
5" harmonic(mA) 0.086

7" harmonic(mA) 0.03335
9" harmonic(mA) 0.02021
11™ harmonic(mA) 0.02398
13™ harmonic(mA) 5.167

C. Fully Arcs with Dry Band Arcing

The partial discharges will elongate along the surface and
lead to fully arch. This condition is the previous stage of the
insulator flashover. Fig.6 (a) shows these phenomena. It is
observed that the 3™ harmonic components increase rather
than two previous stage. Fig 6(b) shows the result. All of the
result about leakage current and harmonics of leakage current
was shown in table 3.

Leakage current (mA)

i |
0.2 025

Time (s2¢)

0.3 0.35 D.4

Fig. 6.a. Leakage current of 20KV polluted insulator contain fully arcing

with dry band arcing
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Fig. 6.b. Frequency spectrum of leakage current on 20KV polluted insulator
contain fully arcs with dry band arcing

TABLE I1V: RESULT OF LEAKAGE CURRENT AND HARMONIC ANALYSIS ON
POLLUTED INSULATOR CONTAIN FULLY ARCING WITH DRY BAND ARCING

Maximum of leakage 21
current(mA)
1* harmonic(mA) 1.011
3 harmonic(mA) 0.1227
5" harmonic(mA) 0.09058
7" harmonic(mA) 0.01695
9" harmonic(mA) 0.0132
11" harmonic(mA) 0.0121
13" harmonic(mA) 2.1

V. CONCLUSION

Experimental results on polymer insulator to understand
the pollution severity by harmonic content of leakage current
signal has been presented in this paper. Experimental test
results on two insulators with profile and voltage of have
been done. Third harmonic components of leakage current
waveform are closely related to the pollution on the insulator.
Under clean conditions, no flashover occurred during the
tests, When 3rd harmonic is lower than 5st harmonic, the
insulators have no or very light contamination. Therefore,
harmonic analysis of leakage current will be an efficient
approach to determine the pollution severity of outdoor
polymer insulators. Dry band discharges are observed during
test which can evaluate the insulation performance, when
discharge start, 3rd harmonic component increase obviously
rather than foundation harmonic. Discharge activity,
observed as spikes on the crest of the waveform due to
formation of dry bands.
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