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Design Method and Experimental Research on Low-temperature Anti-liquefaction Measures
for 1100 kV GIS

YANG Xilong, LI Xinyi, MU Shuanglu, GU Qun, WANG Haoyu, TA Yuanchao
(Xi”an Xidian Switch Electric Co., Ltd., Xi’an 710077, China)

Abstract: With the continuous expansion of national ultra-high voltage engineering construction scale , the construc-
tion of ultra-high voltage substations in cold regions is gradually becoming normalized. The ambient temperature in
some areas is close to =40 “C. The SFs insulation gas of ultra-high voltage switchgear will liquefy in low-temperature
environments, reducing equipment reliability. Measures need to be taken to ensure the insulation performance of
the equipment. This article proposes a design method for using auxiliary heating devices to prevent SF; gas liquefac-
tion by analyzing the low-temperature characteristics of SFs gas and combining it with product structure. For compo-
nents that cannot be directly used with auxiliary heating devices, the method of reducing air pressure is adopted to
prevent liquefaction. At the same time, experimental research was conducted on the temperature changes of SFs gas
inside the shell, the sealing performance of various main components at low temperatures , and the low-temperature
performance of density relays after using auxiliary heating devices in low-temperature environments. The effective-
ness of auxiliary heating devices in improving SF gas temperature, the reliability of various components in 1 100 kV
GIS at low temperatures , and the impact of auxiliary heating devices on product temperature rise were verified. The
test results will provide guidance for the construction and operation of ultra-high voltage stations in low-temperature
areas in the future.
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Fig.1 Auxiliary heating scheme
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Fig. 2 Assembly structure diagram of heating device
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Table 1 Power required for auxiliary heating device

R2 EERZHBEER

Table 2 Bushing insulation test requirements
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Fig.3 Schematic diagram of the arrangement of the

heating plates of the auxiliary heating device
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Fig. 4 Schematic diagram of circuit breaker temperature measurement points
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Fig. 5 Schematic diagram of temperature measurement

points of isolating switch, grounding switch and fast

grounding switch
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Fig. 6 Temperature sensor installation
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Fig.7 Temperature display system
2.1.3 AKRIKIxLER
ARt X 6 3 R v A T B 2 I 3 e AR L 45 T
LB ZE A 435I T 5 800 W%l Bl i #h e
WAL 2252 270 W IR IR0 25 UL 8 5 1 i

BIFOCTTIR TNz T 2 000 W B n#heke & | B
BT SR AMHE T AR 70 531 2225 50 Wi , PR
O IFICHIA R 100 Wi gs il A UL 9.

= i e

8 WESRRRREHE

Fig. 8 Circuit breaker low temperature test form
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Fig. 9 Low temperature test form of disconnector
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Fig. 10 Curve of each temperature measurement point of the circuit breaker
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Fig. 12 Readings of pressure gauge and density relay
during low temperature test of isolating switch and

earthing switch
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Table 3 Leak detection results of circuit breakers

s WIHERY AT (E/ Coa ey il S (EV)
m’ (pL-L7) (pL-L7)
1 0.084 0 0.10 1.00
2 0.084 0 0.50 0.90
3 0.084 0 0.20 0.70
4 0.084 0 0.09 1.50
5 0.084 0 0.20 0.70
6 0.034 0 0.19 0.85
7 0.034 0 0.10 1.10
8 0.004 0 0.10 0.90
9 0.004 0 0.50 0.55
10 0.004 0 0.40 0.90
11 0.794 0 0.09 2.00
12 0.794 0 0.40 1.00
13 0.0007 0.50 1.50
14 0.000 7 0.67 0.80
15 0.000 7 0.45 0.55
16 0.000 7 0.30 0.70
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Fig. 14 Schematic diagram of leak detection and dressing

of circuit breaker
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Table 4 Leak detection results of isolating switch,

earthing switch and quick earthing switch

i WILERY RGN/ S SIEE oal A )
m’ (RL-L7) (RL-L7)
1 0.034 0.6 1.1
2 0.084 0.7 0.5
3 0.084 0.9 0.6
4 0.020 0.6 1.1
5 0.084 0.5 0.5
6 0.034 1.0 1.6
7 0.034 2.0 0.8
8 0.034 0.6 0.8

2 700 mm

4100 mm
El15 FREIFX EH I K DUR R
FrRGREILTEE

Fig. 15 Schematic diagram of leakage detection and

wrapping of isolating switch, grounding switch and quick

grounding switch
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Fig. 16 Temperature rise of circuit breaker with

auxiliary heating
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Fig. 17 Comparison of circuit breaker temperature rise results
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Fig. 18 Temperature rise of isolating switch with auxiliary

heating device
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Fig. 19 Comparison of isolating switch temperature

rise results
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