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Evaluation of Long Duration Current Impulse Withstand Characteristics of
ZnO Blocks for High Voltage Surge Arresters
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Abstract

This paper describes the evaluation of the long duration current impulse withstand characteristics of
7n0 blocks for high voltage surge arresters. Four ZnO varistors were manufactured with the general
ceramic production method and the long duration current impulse withstand test, electrical uniformity
evaluation test and microstructure observation were performed. All varistors exhibited high density,
which was in the range of 5.42~546 g/cn. In the electrical properties, the reference voltage of samples
was in the range of 5.11~525 kV and the residual voltage was in the range of 8.314~8523 kV. In the
long duration current impulse withstand test, sample No. 2 and No. 3 failed at the 2nd and 4th shot of
series impulse currents, respectively, but the rest survived 18 shots during the test. Before and after
this test, the variation ratio of the residual voltage of samples survived was below 05 %, which was
in the acceptance range of 5 %. According to the results of the test, it is thought that if the soldering
method is improved, ZnO varistors would be possible to apply to the high voltage arresters like the
station class and transmission line arresters in the near future.
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Table 1. Formulation of raw materials.
A8 mol% 4= mol%
ZnQ 96.0 Mnz04 0.3
BixO3 1.0 Cr:03 0.3
Sh203 0.7 NiO 0.3
Co304 0.7 71 & 0.003~0.3
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Table 2. Parameter of long duration current
impulse withstand test.
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Fig. 1. Flow chart of long duration current

impulse withstand test.
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Fig. 2. Cutting method of ZnO blocks.

40/100 ps)S ZA3t] Zn0 22l F9== oy
ﬂ%q<nﬂ4ﬂiﬁmw<¢mﬂﬂvuﬂw
gk A% 38 6w o F 183 rtatgch

W = Ures '(ULfUres) ']/Z - T (1)

A71A, Uest 250 AolA] 2" A= A st
Aggtoln, 2 9] Aelu|eEL F 29 o] 14
of Aol AH3] FAZE BHUFAH] A
U R SAE ag 1o dehygch

23 ZnO A2Xle] FAM =7}

Mol gud 2o s 2y 29 o] %
1653 0.5 cuttingdte] Zhzbe] A F(100 @, 500
A, 1 oA 2 3 md)olA e Mt ZH-slo] Zn0 A~
A9 d#dAE Brbskgr.



J. of KIEEME(in Korean), Vol. 19, No. 4, April 2006.

3 3. Zn0 AAY 7324 54,
Table 3. Structural characteristics of ZnO blocks.

A7 %] A
No.
mm nm g/cn
1 65.0 29.0 542
2 65.0 29.0 5.42
3 65.0 30.0 5.46
4 65.0 30.0 545
24 7ZnO 2Ate| olM7x #E
Agol gta® Zn0 25 ARE A7
cutting® ¥ dnt 2 ZAS F HCIOS &9
Hl-go] 1 100091 8N 2¥3+  Chemical

o
A5e AAFAHEY]
2 AT

etching 3tltt. etching® Al
Ao® 7ZnO A4 ®H, 44 FHF
oA T2E Bt

3.24% 9 oz
J_E__A_O_
= =2

Az ZnO &Ape] T34 X 3l thet
Wdeh AFE 27e] ABE 2 SME,%ﬁio}
= dddg HHve] HEHE A dubA<d
M99 60-70 mmel AR 2=, FolE 290 m R
300 mz AZ=HACt B 23 5.4 o]
goz Fue BEAS e

8 ® 40 AP FAMANALH AFHY
e AN e FAT FAMAEG # AT
A AFALEE dehAch AzE 224
EANAAG D AGAGL Fo Fo] Ak E
o|7} Z7htel whet wleste] Frlehe ROE U
ehgon, TAMA A e AFAste v
AgAulE 163 = A#E BE ARE
Sk 242 depddch &8 249 49 5
o BAAAAGS dukAe] wjHag P BHHEL
g 7)o HEHE Zn0 229 ¢4 FAG
7H*W°J 1 200 V Uiell A& s, 170 V
Ao 2 Rt Rl
iﬂq @2@‘ 36 kV AL BY o] A
SAFA wlel =7 Fdvh ole #el
AAAGoz g AZ AL A=
o] BF7lel H g7 siME FE&AFo vl
o 2 2345 Agsiotsty] WiEd %79 2
o7t Ao ER wy FAZT FAMANG F
Lol Bag Aoz AUtk A Zn0 24

ol
=

ol

fl
¢

2

}

h“w

offt WL Hf &t

e rlo

o
- X
mhged

_,oﬁ offt

400

E 4700 279 4714 B4,
Table 4. Electrical characteristics of ZnO blocks.

Vi | Viow | Vie/mn |Vigw/mm| =) 3
No.
kv kv \ v oA
1 5.11 8314 | 1762 | 286.7 | 1.627
2 512 | 8338 | 1766 | 2785 | 1.629
3 5.22 8474 | 1740 | 2825 | 1.623
4 5.25 8523 | 175.0 | 284.1 | 1.623
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Table 5. Switch impulse residual voltage and
injected energy of ZnO blocks.

No. 250 A 1000 A [ Fheld=
kV kV k]
1 6.593 7.037 11.790
2 6.618 7.081 11.750
3 6.718 7.195 11.583
4 6.773 7.244 11.486

a3, A EAY Y 9y,
Fig. 3. Wave shape of long duration current
impulse withstand.
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Table 6. Variation of residual voltage before and

after long duration current impulse

withstand test.

ANgA | ANgF | Hzg B3
No.
kv kv %
1 8322 8.294 -0.34 %3
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Table 7. Voltage-current characteristics of ZnO
blocks.
No. 100 zA | 500 pA 1 mA 3 mA
1 515 5.29 5.35 5.44
2 5.05 5.21 5.28 5.36
3 5.06 5.22 5.27 5.36
4 2.39 2.83 3.01 3.25
5 5.05 5.22 5.28 5.36
6 5.01 5.20 5.26 5.34
7 5.03 5.20 5.26 5.35
8 0.45 1.18 1.19 1.63
9 5.04 5.22 5.28 5.37
10 4.98 5.20 5.25 5.34
11 5.02 5.19 5.25 5.33
12 5.06 5.21 5.26 5.34
13 515 5.28 5.33 5.42
14 5.04 5.20 5.26 5.34
15 5.04 5.19 5.24 5.32
16 5.09 5.23 5.30 5.40
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Fig. 4. Voltage-current characteristics of ZnO
blocks.
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Fig. 6. Microstructure of ZnO blocks.
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