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Property and ANN Simulating Model of
Power Losses of ZnO Varistors

Se-Won Han, Jin-Liang He, and Han-Goo Cho

Abstract

Zn0O varistors are widely used as surge arresters in power system based on their excellent nonlinearity. The property of power loss of

ZnO varistors is related to the thermal stability and their life-spans of ZnO surge arresters. The power losses of ZnO varistors under

different temperatures and applied voltages were measured, and the properties of power losses were analyzed. The Artificial Neural Network
(ANN) was used to simulate the power losses properties of ZnO varistors which is an adaptive nonlinear dynamic system, and the results
calculated by ANN simulating model were in good agreement with the tested ones.

I. Introduction

"

ZnO varistor belongs to sintered polycrystal ceramics, which is
a kind of semiconductor containing a small amount of other metal
. oxides (such as Bi»0;, CoO, MnO, Sb,O; and Cr.0: et al),
exhibiting highly nonlinearity similar to back-to-back Zener diodes
but with much greater current and energy absorption capabilities,
which are widely used as surge arresters in power system based
on their excellent nonlinearity. The ZnO surge arresters ensure the
safe operation of powerk‘system by against the lightning and
switching overvoltage. So they must have the characteristics of
stable operation, their stabilities of ZnO surge arresters are the
balance between the power loss and thermal dispersing ability of
varistor[1-7]. The properties of power losses of ZnO varistors
would decide the operating reliability and their life-spans. So to
research the properties and build the simulating model of power
losses of ZnO varistors is useful to analyze the thermal charac-
teristics and stability of ZnO surge arresters.

ITI. Measurement System of Power Losses

The measurement system of power loss is illustrated in Figure
1. The tested ZnO varistor was put into the oven. The tempera-
ture of the oven was measured and controlled by temperature
measuring and controlling systems. The applied voltage ratio g is
defined as the ratio of the maximum value Upa of applied
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Fig. 1. The measurement system of power loss.

voltage divided by 1 mA DC voltage Uyma of the tested ZnO
varistor. During the experiment, the temperature was changed in
the ranges from 20°C to 205°C, and applied voltage ratio g was
altered from 0.2 to 1.05. The tested varistors were commercial
ones which were used in 110kV and 220 kV surge arresters. The
varistor had a ring shape, its diameter was 71 mm, the diameter
of the inner hole was 26 mm, and the height was 20.5 mm. The
power losses of ZnO varistors under different temperature and
different voltage ratio were measured by power loss -measuring
system. When the temperature 7 was fixed in a value, then the
power loss P under different g was measured. A large number of
tested results were obtained.

M. Characteristics of Power Losses

The power loss P increases with the increase of the applied
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Fig. 2. The relation between power losses P and the applied
voltage ratio g from test results.

voltage ratio g from test results (Figure 2), we can observe that ¢
with the value of about 0.85 is a turn point of the P-q curve,
when ¢ is less than about 0.85, the increase of the power loss is
slow. But when g is larger than 0.85, the power losses increase
quickly, and the values of power losses are large too. The turn
point is decided by the prescription and manufacturing technology
of ZnO varistors, we think different ZnO varistors manufactured
by different prescriptions and manufacturing technologies of dif-
" ferent manufacturers would have different turn points. When the
applied voltage ratio g is higher than about 0.85, the generated
heat is very high because the power loss increases quickly. So the
surge arresters manufactured by this type of ZnO varistors tested
in the experiment should not be permitted to operate above the
applied voltage ratio 0.85.

The relation between the temperature and the power loss is
shown in Figure 3 from test results. The power loss increases
with the increase of temperature, the relation can be described by
exponent function P = aexp(bT), a and b are constants related to
applied voltage ratio q.

The heat balance diagram is often used to analyze the thermal
stable property of ZnO surge arresters (Fig. 4). Q is the thermal
bower loss of varistors to environment at fixed ambient
temperature (60°C), P, and P, are the power losses at different
applied voltage ratio g, and g», respectively, and g>>¢q;. Curve P
and curve Q have two crosspoints, crosspoints A and B are the
stable operating points, 71 and T; are the operating temperatures.
Crosspoints C and D are the limited operating points, T3 and T,
are the limited operating temperatures. When the temperature of
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Fig. 3. The relation between power losses P and temperatures T
from test results.
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Fig. 4. The heat balance diagram.

ZnO varistors inside an arrester exceeds the limited operating
temperature, then the arrester would be broken down. The differ-
ence between the operating temperature and limited one is used to
measure the thermal stable capability. The temperature difference
at g» is less than that at g;, that is to say, the ZnO surge arrester
operating in small g has a better thermal stable capability than
that in large g. The temperature difference is the permitted tem-
perature rise. When the ZnO varistors as surge arresters operate in
the power system, they must absorb the energies of lightning and
switching overvoltages. But the time delays of overvoltages are
very short, so the courses could be treated as thermal insulation
ones. When the varistors absorb a lot of overvoltage energies E,
then their temperatures would increase to a high value, if the
arrester operates in ¢», then the temperature would exceed the

limited temperature 73, and the arrester would be thermally

destroyed. But if the arrester operates in gi, then the temperature
after absorbing overvoltage energy would not exceed the limited
temperature 7, and the temperature of varistor would return to
the operating temperature 7). So, the varistors inside arrester
could not be permitted to operate in high g. The applied voltage
ratio of the tested varistors would not be permitted to exceed
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about 0.85 when they work in power system.
IV. ANN Simulating Model of Power Losses

In order to analyze the thermal balance of ZnO surge arresters,
first the power loss model should be obtained. The power loss of
ZnO varistors is a complicated function of applied voltage ratio
and temperature illustrated in Figure 2. It is difficult to be
described precisely by popular methods. A general exponent
function was used to simulate the power loss in [7], the precision
was not high. And a linear interpolation method was adopted in
[1}, this method was difficult to eliminate the noise of experi-
mental results.

The Artificial Neural Network(ANN) consists of a lot of
neurons. It is an adaptive nonlinear dynamic system, which stores
the information in the weight among neurons and has a good
wrong-permitting capability, and can eliminate the noise in the
experimental result{8]. The ANN consists of input layer, hidden
layers and output layer(Figure 5). The ANN model changes the
weights by a learning course, and reaches the demanded precision.

The inputs of neurons in jth layer are

net,- = 2 VV,‘,’O,’ (l)

where W is the weight between jth and ith layers. And the
output O; of the neuron is

0, = flnet) 2)

where f is an exciting function of neuron:

1
0; = p PerpT . @3
P Tre @
where g; is the valve value of neuron. The square error E
between ANN output {O;}of M samples and expecting output {#}
is:

E = Zk(tk_Ok)z @

DO f—

The increasing value AW, of weight in the learning course in

output layer is:
AWy = 70,(t,~090(1—0y) )

here is the leamning velocity. The increasing value of weight in
the learning course in hidden layers is:

AN W,‘ =7 0,01(1 —0,)2]; ) Wy (6)
Here
8 = (t;,'—Ok)(l—Ok)Ok (7)
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Fig. 5. ANN model.
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Fig. 6. The ANN simulating model of power losses of ZnO
varistors.

According to the course introduced above, the weights and valve
values satisfying the precise demand would be obtained by repea-
tedly learning course by using the provided samples (here samples
are experimental results).

The ANN model used to simulate the power loss of ZnO
varistors is shown in Figure 6, which have a hidden layer and 6
neurons. The applied voltage and temperature are the input layers,
and the power loss is the output layer. The experimental results
were imported into ANN to study, the suitable weights and valve
values were obtained in Table 1 after learning course. So the
power loss could be described by next equation:

P = 4.0/ 35 Wi (0.T54W;,+0.004 TW; + ) + as] ®

where T is the temperature, its unit is K.
The comparison between the experimental and the calculating
results of ANN simulating model is illustrated in Figure 7, there
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Table 1. The weights and valve values of the ANN simulating
model of ZnO varistor.

q g<0.80 g>0.80
Wi _ 22458 43928
Wi -18.6792 : -18.7469
Wis 28669 1.9528
Wis -8.2380 -8.8511
Wis 63022 - 27642
Was 6.4557 7.6803
Was 0.8536 01910
Was 14727 -1.3617
Was 29.4428 ©29.4257
War 27679 -1.0962
Wes 6.2096 : 4.4670
Was 9.1872 T 87604
Wis 2.8100 22910
Was -14.6826 -14.2848
Wer 5.3462 32419
a3 7.1236 -7.5899
a © 156502 163475
as -0.8328 0.7929
as 33.5978 33.2990
a 23770 -0.0870
as 2.1493 2.5599

is a good agreement between them.
V. Conclusions

The property of power loss of ZnO varistors is related to the
thermal stability of ZnO surge arresters. The power lossés of ZnO
varistors under different temperatures and applied voltages were
measured.

The power losses increase with the increase of the applied voltage
ratio, when the applied voltage g is less than about 0.85, the
increase of the power loss is slow. But when g is larger than
about 0.85, the power losses increase quickly, and the values of
power losses were lafge too. So the surge arresters manufactured
by this type of ZnO varistors tested in the experiment should not
be permitted to work above the applied voltage ratio 0.85. The
power losses increase with the increase of temperature.

The Artificial Neural Network (ANN) is an adaptive nonlinear
d)"namiC system. The ANN was used to simulate the power losses
properties of ZnO varistors, and the calculated results by ANN
simulating model were in good agreement with the tested ones.
The ANN simulating model could be conveniently used to analyze
~ the thermal stability of ZnO varistor.

10
1: T=50°C; 2: T=100 'C 4
10° k| 3: 7=150 °C; 4 T=200 °C 3
O experimental results 2
T 1
£
R
E -2
~ 10°F
10’k
W
10
02 0.4 0.6 0.8 1.0 12
q (U-n IUIIIA)

Fig. 7. The comparison between the experimental and the calculating
results of ANN simulating model.
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