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Abstract: Metal oxide surge arrester is widely used in lightning protection for transmission lines due to its excellient
nonlinear characteristics. However, in case of excessively high lightning current, the arrester often fails due to im-
pulse aging, or even rupture, severely impacting the operational safety of power grids. In this paper, based on the con-
structed imulse high current test platform, in this paper the number of withstanding impulse of the a complete attester
under different current amplitudes, as well as the variation of the reference voltage (Uy,.) under DC 1 mA and the re-
sistive current JL. during the impulse aging process are tested ,indicating that the impulse life of the arrester has a crit-
ical nature, and the mechanism is explained through microscopic charcaterization using scanning electron micros-
copy (SEM) and X-ray photoelectron spectroscopy (XPS). At the same time, through the stochastic Voronoi network
based resistor diss heat - force finite element simulation analysis and resistor disc glaze layer heating test on the light-
ning arrester in the impact aging process of the failure of the form of analysis, it is concluded that after localized melt-
ing occurs in the resistor disc grains, the temperature rise of the resistor disc becomes severe.This localized overheat-
ing causes the melting of the glaze layer, leading to surface falshover. At the same time, the concentration of current
and heat after the localized melting of the resistor disc results in stresses far greater than the limit value of the resistor
disc, thus causing cracking. Finally, a new damage prediction method for line arrester is proposed.The impulse life is

predicted by the empirical formula based on the lightning current amplitude, and the relationship between the num-

s B HA:2025-09-16; &8 H 7 :2025-12-05
EETH : BZR A RPAS4E 7 B H (U23B2080),
Project Supported by National Natural Science Foundation of China(U23B2080).



- 90 - 202644 A

) § 1'% 4

et 4

ber of lightning strikes and the density of falling lightning is set up by the probability of lightning current amplitude,

thus obtaining the empirical formula of the damage rate of the arrester and the density of falling lightning.

Key words: a complete arrester; ZnO varistor; impulse aging; resistive current; lifetime prediction
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Fig. 1 Schematic diagram of high current impulse

test platform
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Fig. 2 The surge high current test platform of the arrester
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Fig.4 Failure modes of arrester under impulse current
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Table 1 Typical test results of impulse current of all arresters to be tested
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lightning current amplitude
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Fig. 9 SEM and EDS testing of varistor after
75 kA impulse current
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Fig. 12 Current distribution, heat distribution, and stress distribution in the microstructure of ZnO varistor

before and after impulse current aging
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