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Fault Analysis of Cable GIS Terminal Interface Under Extremely Cold Environment

ZHANG Shize!, PENG Chao', LIANG Jianquan?, SUN Wei?, LI Lin?
(1. China Electric Power Research Institute, Wuhan 430074, China;
2. Electric Power Research Institute of State Grid Heilongjiang Electric Power Company Limited, Harbin 150000, China)

Abstract: Gas insulated switchgear (GIS) cable terminal is widely used in high-voltage cable system. In recent years,
many failures caused by low temperature have occurred in cable terminals in winter, and the insulation interface is one of
the main reasons for the failure of cable GIS terminals in extremely cold environments. This paper is based on the faults
of two interfaces inside the cable GIS terminal. The GIS epoxy casing simulation sample was prepared for the epoxy
bushing/rubber interface, and the mechanical properties test and stress field finite element analysis were carried out at
—40 “C. In view of the failure of rubber/XLPE interface, the interface sample was prepared and the breakdown test was
carried out under different temperature and roughness conditions. The results show that when the temperature of epoxy
casing drops suddenly, the internal stress at the metal insert nut will increase or even exceed its bending strength. The
shrinkage of silicone rubber will cause an air gap at the epoxy casing/rubber interface, which may lead to the breakdown
of the casing. Temperature cycling at low temperatures is one of the main reasons for the failure of rubber/XLPE interface
at GIS cable terminal in extremely cold environments. The analysis results in this paper can provide a basis for GIS cable
terminal design and maintenance in extremely cold areas.
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Fig.1 Epoxy bushing simulation sample
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Table 1 Glass transition temperature measurement results

Fs A ARE/C B 415/ C C Hiftj&/Cc
1 105.25 107.78 89.83
2 104.86 106.85 92.08
3 103.38 107.51 91.95
4 103.34 106.81 90.53
5 103.29 106.22 91.23
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Table 2 Low temperature impact test results
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Fig.2 Variation of bending strength with temperature
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Table 3 Expansion coefficient test results
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Table 4 Main parameters of Epoxy bushing

Rk Wy A /Pa LY %/ (kg-m?)
IR IR 2.87x10° 0.38 1.23x103
&R R 2.0x10" 0.35 8.6x106
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Fig.3 Structural parameters and model of epoxy casing
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Fig.4 Stress calculation of epoxy casing
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Fig.6 Low temperature treatment of samples
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Fig.7 Weibull distribution of breakdown voltage
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Table 5 Cold and hot cycle test results

Fedl (ASRETSMI AEMESRI MEMETGE IEMUELT
F5  JEJi/MPa J£71/MPa LR /KV AL /KV
1 0.0619 0.0617 82
2 0.0564 0.0561 63
3 0.0552 0.0535 63
4 0.0545 0.0543 62
5 0.0581 0.0550 64

6 0.0579 83
7 0.0561 62
8 0.0576 73
9 0.0588 72
10 0.0547 63
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Fig.8 Interface pressure measurement
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