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Abstract: As a ZnO varistor is subjected to electrical and environmental stresses, it degrades gradually, which may result
in power interruption by short circuit. This study investigates changes in the electrical characteristics of ZnO varistors
due to deterioration owing to energy absorption, and determines the optimal parameters for on-line diagnosis of the
varistor. Two types of varistors were used for an accelerated aging experiment involving the application of the 8/20 us
standard lightning impulse current. The electrical characteristics in terms of the reference voltage, total leakage current,
resistive leakage current, and third-harmonic component of the total leakage current were measured, and their change
rates were analyzed. The results revealed that the total leakage current increased dlightly with an increase in the varistor
absorbed energy, while the resistive leakage current and the third-harmonic component increased apparently. Therefore,
the third-harmonic component of the total leakage current was proposed as the optimal parameter for on-line monitoring
of ZnO varistor conditions.
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1. INTRODUCTION

A metd-oxide ZnO varigtor equipped in the low-voltage
system is used to protect the downstream electronic circuits
or devices againg the surges and transient overvoltages. As
the eectronic component and semiconductor device have
became more and more important in the system, they
should be fully protected to ensure the stable and reliable
operation. Therefore, the varistor, which has advantages of
high non-linearity, large energy absorption &bility, and fast
reponse, has been widdy applied. And the performances
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of varistor are specified in various standards [1-4].

degrades gradually due to repetitive
operations and environmental stresses [5]. As a result, its
leskage current increases even at the rated voltage and
finaly the varistor fals in the form of short circuit,
leading to the line-to-ground fault of the equipment.
Therefore, the techniques for off-line and on-line condition
monitoring of ZnO varistor are necessary to avoid the
accident or outage due to the deterioration of varistor.
With the progresses of deterioration, the performance of
varistor declines and its electrical characteristics, including
the reference voltage, totd leakage current, resistive
leskage current, and harmonic components of total leskage
current changes [6-8]. It is specified by the manufactures
that the varistor should be replaced onces its reference
voltage changes by +10% [9]. However, the measurement
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of reference voltage can not be applied for on-line
monitoring as the power must be switched off and the
varistor must be disconnected from the circuit.

In this paper, two types of varistors with different
specifications were used for the accelerated aging
experiment by applying the standard lightning impulse
The changes in electrica characteristics of
varistor with the energy absorption were analyzed. The
results from this paper are expected to be applied for
on-line condition monitoring of ZnO varistor.

current.

2. METHOD FOR EXPERIMENT

2.1 ZnO Varistors

Two types of ZnO varistors were used and ther
specifications including maximum continuous operating
voltage (MCOV), reference voltage, peak surge current,
clamping voltage,
dimension are shown in Table 1. Since the characteristics
differ even for the varistors with the same specification,
two samples were used for each type of varistor.

maximum energy absorption, and

Table 1. Specifications of ZnO varistors.

Type A B
Model SVR391D20A B60K 385
MCOV (Vac) 250 385
Reference voltage (V) 390 620
Peak surge current (kA) 65 @8/20 us 70 @8/20 us
Clamping voltage (V) 650 @100 A 1,025 @500 A
Max. energy absorption (J) 130 1,200

2.2 Accelerated aging experiment

The varigors equipped in the power supply circuits and
surge protective devices may operae frequently or rarey
agangt the surge and overvoltage depending on ther
operation condition and environment. Therefore, the energized
vaigors can not be used for accelerated aging experiment.
In this paper, the accelerated aging experiment was carried
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out by applying the 8/20 ps standard impulse current to
the varistors with a time interval of 1 minute. The existing
researches study the changes in eectricd characteristics
with the number of surge However, the magnitudes of
impulse current for accelerated aging experiment are
different depending on the type of varistor. In addition, the
deterioration progress varies with the magnitudes of
impulse current. Therefore, this paper studied the changes
in dectrical characteristics with the surge energy rather
than the surge number. Surge energy can be calculated by
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Fig. 1. Configuration of the experimenta setup. (@) Equivalent
circuit of the impulse current generator, (b) photograph of the
impulse current generator, and (c) impulse current and clamping
voltage waveforms.
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where i(t) is the impulse current and v(t) is the
clamping voltage of varistor. For varistor SVR391D20A,
the magnitude of impulse current was 2 kA and the surge
energy was 16 J. The magnitude of impulse current and
surge energy for varistor B60K385 were 10 kA and 200
J, respectively.

Figure 1 shows the configuration of experimental setup.
The impulse current generator consisted of high voltage
direct current (HVDC) module, charging switch S,
charging resistor R, charging capacitor C; spark gap,
and inductor L. In addition, a grounding switch §; and a
discharge resistor Ry were used for releasing the residual
voltage in the charging capacitor. The impulse current
was measured using a current transformer (Stangenes,
3-0.01) with an output sensitivity of 0.01 V/A, and the
voltage was measured using a high voltage probe
(Tektronix, P6015) with a ratio of 1,000:1 [10,11].
Figure 1(c) illustrates the waveforms of impulse current
and clamming voltage for varistor B60K385. The
magnitude of impulse current and clamping voltage were
10 kA and 1.63 kV, respectively.

2.3 Measuring system

Paralel with the accelerated aging experiment, electrica
characterigtics of varigors in terms of reference voltage
(V««), totd leskage current (I7), resistive leakage current
(Ir), and third harmonic component of total leakage current
(Isq) were measured. The reference voltage was defined as
the voltage across the varistor at the DC current of 1 mA.

The leskage current measurement is shown in Fig. 2.
The total leakage current of the varistor is composed of a
capacitive and a resistive component. Therefore, the resigtive
component can be extracted by subtracting the capacitive
leskage current from the totad leskage current. In Fg. 2(a),
the capacitive and tota leskage current were measured
through R, and R, respectivdy [12]. This circuit is an
off-line method but has high accuracy. The sgnds were
acquired usng a data acquigtion unit (DAQ) with a
sampling rate of 100 MS's and were processed based on
LabVIEW program. Fgure 2(b) shows the measuring dgorithm,

i
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which contains parts of dgnd acquisition, low pass filter
(LPF) with a cutoff frequency of 5 kHz, resgive leskage
current calculation, third harmonic component extraction
based on the fast Fourier transform, and data save. For
operating the digtinct parts in a programmeticaly determined
dynamic sequence, the standard state mechine design pettern
was used. Waveforms of tota, capacitive, and resigive
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Fig. 2. Leakage current measurement. (a) Circuit diagram, (b)
measurement agorithm, and (c) leakage current waveforms of

an aged varistor.
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leskage current as well as the third harmonic component of
total leskage current of an aged varistor are demondrated in
Fg. 2(c).

3. RESULTS AND DISCUSSIONS

For analyzing the changes in electrical characteristics
of varistors with the energy absorption, the point where
the reference voltage decreased about 10% was taken as

Table 2. Initial values of electrical characteristics.

Model SVR391D20A B60K 385
Sample Ay Ay B: B
Viet (V) 421 402 624 640
It (uA) 101 108 590 595
Ir (LA) 147 221 114 122
lara (LA) 4.55 6.88 10.1 8.6
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Fig. 3. Changes in dectricd characteristics with energy absorption
of SVR391D20A. (8 Sample A; and (b) sample A..
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a reference. Table 2 shows the initia vaues of each
characteristic and the rates of change are shown in Fig.
3 and Fig. 4.

The changes in electrical characteristics of varistor
SVR391D20A (type A) with the energy absorption are shown
in Fg. 3. For sample A, the reference voltage decreased by
11% as the varistor absorbed 3.2 kJ surge energy. The totd
leskage current, residive leskage current, and third harmonic
component of tota leskage current increesed 1.36, 4.31, and
549 times of ther initid vaues respectivdy. The totd
leekage current, resigtive leskage current, and third harmonic
component of sample A, increased 1.45, 3.87, and 5.17 times
when the reference voltage decreased by 10%.

Figure 4 shows the changes in electrical characteristics
of varistor B60K385 (type B) with the energy absorption.
As the volume of ZnO element of B60K385 is much larger
than that of SVR391D20A, more surge energy was
absorbed by B60K385 for its accelerated aging experiment.
When the reference voltage of sample B; changed to 0.9
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Fig. 4. Changes in dectricd characteristics with energy absorption
of B60K385. (a) Sample B; and (b) sample B..
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times of its initial value, the total leakage current increased
5%, the resistive leakage current increased 234%, and the
third harmonic component increased 128%. For sample B,
the reference voltage decreased to 0.91 times of its initia
value when 180 kJ energy was absorbed. The total |eakage
current, resistive leakage current, and third harmonic
component of total leakage current increased 1.04, 3.03,
and 2.36 times comparing with their initial values.

4. CONCLUSION

In this paper, the accelerated aging experiment was
conducted to investigate the changes in electrical characteris-
tics of two types of varistors. The impulse current generator
was fabricated and the leakage currents were measured by
the proposed agorithm. From the results, the following
conclusions can be obtained:

1) When the reference voltages of varistors used in this
paper decrease by 10%, they are dtill functiond.
However, by monitoring the leakage current, especidly
the resistive leakage current and the third harmonic
component, the varistor should be replaced as a
further increase in leakage current may cause the
thermal runaway.

2) The changes in electrical characteristics have the
similar trend even for different types of varistors. The
total leakage current increases dightly with the energy
absorption, whereas the resistive leakage current and
the third harmonic component of total leakage current
increase apparently. Therefore, compared with the
total leakage current, the resistive leakage current and
the third harmonic component are responsible to
response the condition of varistor when the reference
voltage decreases by 10%.

3) The on-line measurement circuit for resistive leakage
current is complicated and its small value results in
measuring error, therefore, the third harmonic
component of total leakage current is the optimal
parameter for on-line condition monitoring of varistor.

4) The changes in electrical characteristics with absorbed
energy may vary for varistors with different models
due to their rated voltages and specifications. In

-

addition, as a result of difference in manufacturing
process, deterioration progresses of the same varistor
may be different after absorbing the same energy.
However, the third harmonic component can be used
for evaluating the condition of a specific varistor. For
varistor SVR391D20A and B60K 385, the risk levels
should be set at 5 and 2 times of the initial values
of the third harmonic components, respectively.
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