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Abstract

Zinc oxide (ZnO) gapless surge arresters are used for lightning and overvoltage protection in electrical
power system. The leakage current monitoring is one of the well known method for the ZnO surge
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arrester ageing level determination. However, the ZnO leakage current is known to be dependent on the
ambient temperature. This paper aims to study the effects of temperature variation due to ambient
conditions on the leakage current of ZnO surge arrester. The effect of a significant increment of leakage
current with an increase in temperature may result in a wrong assesment of the ageing level of the
arrester. The leakage current of three 120kV rated polymeric housed ZnO surge arresters were measured
in a custom made thermally insulated enclosures at varying temperatures. Up to 20% increase in the
leakage current was observed with a 20°C increment above the ambient temperature. For a typical
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Penangkap kilat zink oksida (ZnO) tanpa sela digunakan bagi perlindungan dari voltan lampau dan kilat
dalam sistem kuasa. Pemantauan arus bocor merupakan satu kaedah penentuan tahap penuaan penangkap
pusuan ZnO yang diketahui ramai. Walau bagaimanapun, arus bocor ZnO diketahui bergantung kepada
suhu persekitaran. Kertas kerja ini bertujuan untuk mengkaji kesan perubahan suhu disebabkan oleh
keadaan persekitaran terhadap arus bocor penangkap pusuan ZnO. Kesan penambahan ketara arus bocor
disebabkan oleh penambahan suhu boleh menyebabkan penilaian yang salah terhadap tahap penuaan
penangkap pusuan. Arus bocor tiga penangkap pusuan dengan penebatan polimer dan kadaran 120kV
diukur dalam kebuk kedap suhu pada suhu yang berbeza. Penambahan arus bocor sehingga 20% dikesan
apabila suhu dinaikkan sebanyak 20°C melebihi suhu persekitaran. Untuk perubahan suhu tipikal di
antara 30°C and 40°C di Malaysia, perubahan arus bocor adalah sehingga 11%. Suhu boleh memberi
kesan yang ketara kepada pengukuran arus bocor penangkap pusuan zink oksida. Perubahan arus bocor
yang ketara disebabkan oleh perubahan suhu persekitaran boleh memberi kesan kepada penilaian tahap
penuaan penangkap pusuan semasa pemantauan berkala.

Kata kunci: Penangkap pusuan; arus bocor; tahap penuaan; kesan suhu
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1.0 INTRODUCTION

Surge arresters have been playing an important role on power
systems since the beginning of ac transmission. Overvoltages
usually occur in a power system due to lightning, fault and
switching operation. Surge arresters are often used to protect
power and electronic from the destructive transient overvoltage.
In order to protect system equipment and to guarantee an

economic and reliable operation, surge arresters are installed in
almost all types of electrical network [1]. These protective devices
are used to limit the overvoltage to a level which is sufficiently
safe for the equipment being protected by diverting the
overvoltage to ground[2, 3].

The measurement of leakage current in a zinc oxide surge
arrester under normal operating voltage is possible due to its
gapless configuration [4]. It is known that the leakage current, in
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particular the third harmonic component of the resistive leakage
current, can be used for monitoring the ageing condition of the
surge arrester [5, 6]. The degradation of metal oxide arrester can
be related to the change in voltage-current characteristic of the
arrester.

Due to the leakage current which consists of both resistive
and capacitive components, the zinc oxide blocks within the
arrester heat up. As the zinc oxide blocks age, the blocks effective
resistance during normal operating voltage decreases, and
consequently the resistive current increases. In short, the heat
generation in the surge arrester body increases as a result of
degradation in metal oxide surge arrester [7].

The impedance of metal oxide arresters at voltages below
the rated voltage is so high that the resulting current is in the
milliampere range. During overvoltage events the metal oxide
surge arrester limits the voltage to an almost constant value, even
if the discharge current increases extremely. The direct
consequence of this extreme nonlinearity is the possibility of
constructing surge arresters with no series gaps [8, 9].

However, since these arresters contain no gaps, a leakage
current flows through the material at working voltages, which
causes power losses and heating of the ZnO elements. This can be
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dangerous to the stability of the arrester, particularly in the low
conduction regime (0-0.001 A) where the voltage-current
characteristic of ZnO material is very sensitive to temperature’.
The thermal stability of ZnO surge arresters is affected by
ambient temperature, heat dissipation capability, impulse
degradation, and ageing [10, 11].

If the temperature exceeds a certain temperature for a
particular arrester, the arrester may fall into the thermal runaway
condition. Therefore, surge arrester must operate properly in both
normal operating voltage and fast transient conditions [12].

Since leakage current has been widely used for ageing
monitoring of surge arrester, any mechanism or environmental
effect on the leakage current should be seriously considered.
Several experiments had been previously carried out to show the
thermal characteristic of a complete surge arrester as well as of a
zinc oxide element. However, the correlation between the arrester
temperature and the total leakage current is yet to be developed
[13, 14]. This paper aims to show that there is a significant effect
of temperature on the leakage current measurements of zinc oxide
surge arresters.
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Figure 1 Schematic diagram of the leakage current detection using current probe and temperature detection using the k-type thermometers
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M2.0 METHODOLOGY

Due to the high sensitivity of the voltage-current characteristic
to temperature in the low conduction regime, the surrounding
temperature of the arrester should be careful observed and
maintained to guarantee the accuracy of measurements. Three
120 kV rated polymeric housed arrester samples were provided
by the power utility. The arresters were manufactured in 2003
and installed in 132 kV high voltage transmission system.

In this work, the leakage current of three 120kV rated
polymeric housed ZnO surge arresters were measured in a
custom made thermally insulated enclosures at temperatures
raising from 30°C to 50°C. The chamber was specially designed
for temperature insulation with a dimension of 3m x 3m x 3m.
The chamber was designed in such a way that enough
clearances prevent any unnecessary discharges to the ground
structure.

A digital storage oscilloscope, a current probe (ZCT-80H
Clamp), and a purposely designed signal amplifier were used to
measure the leakage current. The experimental set up is as
shown in Figures 1 and 2. The minimum measureable leakage
current value by the current probe was 100 mA. An amplifier as
well as a filter is therefore needed. The chamber temperature
was controlled by using eight units of 3 kW rated Dimplex
DXFF30TS fan heater. The chamber temperature was measured
using two k-type Lutron TM-902C thermometers. Only two
units of thermometers were used to measure the temperature
since thermocouple cannot work properly under high electric
field due to the possible occurrence of discharges at the tips of
the thermocouple.

The schematic diagram in Figure 3 shows the current probe
and the signal amplifier were previously calibrated using three
Tekronix AFG 3021B signal generators, two Fluke 8845A
ammeters, and a LeCroy Waverunner 44xi digital oscilloscope.

The temperature of the chamber was slowly raised from
room temperature to about 50°C. A sufficient time was allowed
to pass at each temperature level to ensure an even temperature
distribution within the chamber before the leakage current
measurement was taken.

Figure 2 Image of the experimental setup where the arrester was
positioned within an enclousure
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Figure 3 Schematic diagram of the power supply and leakage current
and detection
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3.0 RESULTS AND DISCUSSION
Three samples of arresters had been tested with the enclosure
temperature varied from 30°C until 50°C. At each temperature,

the applied voltage across the arrester was slowly increased
from 20 kV to 90 kV.
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Figure 4 Voltage-current characteristic for sample 1 at varying
temperature
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Figure 5 Voltage-current characteristic for sample 2 at varying
temperature
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Figure 6 Voltage-current characteristic for sample 3 at varying
temperature

Figures 4 to 6 show the voltage-current characteristics for
various temperatures for samples 1 to 3 respectively. It can be
observed that the leakage current of the arrester increases as the
applied voltage increases. It can also be observed that the effect
of a temperature increase is to increase the leakage current for
the same applied voltage. In other words, as the temperature
increases, the voltage-current curves shifted to the right. An
example of the increase is as for sample 1 in Figure 4. The
arrester’s leakage current for 30°C surrounding temperature and
90 kV applied voltage is 759 pA, the current increases to 907pA
for 50°C chamber temperature and the same applied voltage.
This in equivalent to an increase in the leakage current by
148pA which can be attributed to the increase in the resisitive
leakage current since the temperature is known not to affect the
capacitive leakage current.

Although the manufactured year of the surge arrester is
almost the same but there is some leakage current differences.
This shown that all three samples have different aging levels.
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Figure 7 The increase in total leakage current due to temperature
increase for sample 1 (shown as percentage increase above that for
30°C)
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Figure 8 The increase in total leakage current due to temperature
increase for sample 2 (shown as percentage increase above that for
30°C)
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Figure 9 The increase in total leakage current due to temperature
increase for sample 3 (shown as percentage increase above that for
30°C)

Figures 7 to 9 show the percentage difference in the
leakage current as a function of applied voltage for various
temperatures compared to the leakage current at the reference
temperature (30°C). As high as 20% difference is observed as
the temperature changes from 30°C to 50°C.

Further analyses on the effect of temperature increases are
shown in Tables 1 and 2. Table 1 shows the percentage increase
in the leakage current due to 10°C temperature increase above
30°C for all three samples. Sample 2 seems to be least affected
by the 10°C temperature increase with an average corresponding
percentage increase in leakage current of 2.5%. Samples 1 and 3
have a larger average of percentage leakage current increase of
11%.

Table 2 shows the percentage increase in the leakage
current due to 20°C temperature increase above 30°C for all
three samples. All three samples now have an average
percentage increase in the leakage current of about 17%.

Generally, for a typical variation of ambient temperature in
Malaysia which is in the range between 30°C and 40°C, the
corresponding changes in the leakage current is observed to be
up to 11% (as can be seen in Figure 7 to 9, and Table 1). From
the results obtained, it is noted that the temperature does
significantly affect the leakage current measurements used for
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monitoring of zinc oxide surge arresters. This significant change
in the leakage current due to ambient temperature variation can
affect the decision in assessing the condition of surge arresters
during routine monitoring.

Table 1 The percentage increase in the leakage current due to 10 °C
temperature increment (from 30°C) for all three samples

Voltage Supplied Samplel Sample2 Sample 3

(kv) (%0) (%0) (%0)
20 10.3 38 8.2
30 8.9 0.9 12.2
40 10.7 1 11.3
50 10.8 43 9.9
60 11.4 26 117
70 11.4 15 11
80 12.3 31 12
90 12.1 3.1 114

Table 2 The percentage increase in total leakage current due to 20 °C
temperature increment (from 30°C) for all three samples

Voltage Supplied Samplel Sample2 Sample 3

(kv) (%) (¥6) (%)
20 16.9 18.6 14.2
30 15.7 15.9 16.0
40 16.3 17.2 17.9
50 16.3 15.9 14.6
60 155 16.3 17.7
70 17.4 17.3 17.1
80 19.1 18.1 18.1
90 195 17.4 206

4.0 CONCLUSION

Any leakage current measurement technique has to take into
account of temperature effect before determining the surge
arrester aging level. There is the possibility of temperatures
affecting the leakage current results and analyses in several
extremely hot or extremely cold weather countries. From the
results of this study, a leakage current difference of up to 20%
can occur as the temperature changes from 30°C to 50°C. For a
typical variation of ambient temperature in Malaysia in the
range of between 30°C and 40°C, the corresponding changes in
the leakage current can be up to 11%. Even though the
percentage increase in the total leakage current was computed
instead of that of the resistive component of the leakage current,
the percentage increase can be mainly attributed to the increase
in the resistive component of the leakage current. This is
because there is minimal direct effect of the temperature
increase on the capacitive component of the leakage current.

The effect of temperature on the third harmonic component of
the resistive current is being studied and is to be reported in a
future publication.
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