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Fig.1 GIS within the single-phase circuit model
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Fig.2 Schematic diagram of GIS circulation
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Fig.3 Simplification of the equivalent circuit diagram
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Table 1 The resistivity of the table

at different positions Q-m
VA F BH (A CENIE RS
Tk 1.74x107% e 2.95x107%
Feik 2.95x1078 bk 1.74x107%
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Table 2 Steady state value of
current on ground line kA

Stk H

BFS  AM BM CHI
0.974  0.800  0.955
0.650  0.103  0.650
1.171 0206  1.173
1.175 0207  1.173

0.878  0.145 0.866
1.185 0.842 1.176
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Table 3 Current steady state
value on short circuit kA

CiALINA LA
HFS AMI—BAI  BAHI—C A
1 2.204 2.145
2 0.978 0.973
3 1.777 1.755
4 1.777 1.764
5 1.322 1.305
6 2.474 2.44
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Table 4 Current steady state
value on the case kA
Felk B ML
> [l AMl BAI CHA
1—2 3.096  4.316  2.986

2—3 2.174 3.76 1.763
3—4 4.202 4.87 4.223
4—5 2.16 3.762 1.763

5—6 3.564  4.543 3.52
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Table 5 Measurement of current on
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R UL LI R (8 B L U DU R (1
BWIFS AM BAI CAHl AAI—BH BH—CH
P 1 0.996 0.842 1.062 2.312 2.267
Bk o6 1.230 0.937 1.281 2.589 2.594
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Table 6 Short-circuit current
value on the ground kA

FEAA L HL UL
BIFS  AM BH O CH

1 1.754 1.036 1.703
2 0.663 0.027  0.648
3 0.661 0.027  0.648
4 1.222 0.188 1.213
5 1.339  0.765 1.364
6 16.609  26.301 16.489
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Table 7 Short-circuit current

value on the ground kA

FElkp HLILE
RIS AM—BA B A—C A

1 1.468 1.430

2 0.961 0.970

3 1.729 1.724

4 1.731 1.693

5 2.317 2.425

6 14.273 14.416
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Table 8 Short-circuit current
value on the case kA
FelkEL R
B ) AML BAI CH
1—2 3.100  0.298  3.010
2—3 2177 0.088  1.764
3—4 4217 0162  4.213
4—s5 2176 1177 1762
5—6 3.564  8.128  3.524
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Table 9 Casing steady-state operating loss

S B S BUFERH/W ALK 1T
X [] AM BAR cAn BURE(Wem™)
1—2 996.8 19373 927.3 62.5
2—3 589.8 1680.9 387.9 34.2
3—4 2203.6 2959.8 2225.6 102.1
4—5 727.8 23352 4849 34.1
5—6 2377.8 3863.6 2319.5 78.1

F10 EEARSEITRER
Table 10 Steady-state operating
loss of short circuit w

FEHRAL T AB AT AR
BIFS AM—BAI BAE—CAH
1 134.3 127.2
2 26.4 26.2
3 87.3 85.2
4 87.3 86.0
5 48.3 47.1
6 169.2 164.6

1 EMERSEITHRERE

Table 11 Steady state operating
loss of ground line W
= FaABTHAEE

BIFS  AM BM CH
1 660.3 445.4 634.8
2 294.1 7.4 294.1
3 954.4 29.5 957.6
4 960.9 29.8 957.6
5
6

536.5 14.6 522.0
977.3 4934  962.6
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Circulation and loss calculation model of high voltage GIS shell
ZHAO Yisong', SONG Chengwei®, XING Kai’, LIU Xinran*, WANG Feiming', LANG Fucheng'
(1. State Grid Liaoning Electric Power Co.,Ltd. Research Institute ,Shenyang 110006, China;
2. Testing and Certification Center of Liaoning Provincial Inspection,Shenyang 110006, China;
3. Shenyang Power Supply Company of State Grid Liaoning Electric Power Co.,Ltd. ,Shenyang 110006, China;

4. State Grid Liaoning Electric Power Co.,Ltd. Marketing Service Center,Shenyang 110006, China)
Abstract ; High-voltage gas insulate switchgear ( GIS) shell circulation is the main cause of operating losses in substations.
Circulation can cause the device to heat up. If the substation is operated for a long time, the transmission capacity of the power
system and the insulation performance of the equipment will be seriously affected. The purpose of this article is to simplify the
loss calculation procedure and improve the calculation accuracy of GIS shell circulation and the efficiency of engineering
designers and on-site operation and maintenance. The basic theory of high current bus and engineering electromagnetic field is
applied. Based on the principle of hollow current transformers,an equivalent model of GIS shell circulation is established. For
steady-state operation of 550 kV GIS and short-circuit fault conditions , circulating currents of shells, short wiring, and grounding
wires at different locations are calculated. The circulation and loss distribution rules are given. The calculation results show that
when the 550 kV GIS is in steady-state operation , the short-circuit circulating current value at the inlet and outlet ends is greater
than other locations jthe current value at the fault point near the ground wire is the largest in the fault state;the calculated
current of the ground wire and the short wire is greater than the measured value, mainly it is caused by the distribution of
grounding resistance. The total loss of GIS system is given through calculation, which gives theoretical guidance for the actual

operation of GIS.

Keywords : gas insulate switchgear( GIS) ;equivalent calculation model ; shell circulation ; operation loss ; operation maintenance

and anti-fault measures
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Thermal runaway characteristic of lithium iron phosphate battery modules

through overcharge and the fire extinguishing effect of water mist
ZHAO Lantian', JIN Yang', ZHAO Zhixing', SUN Lei*, GUO Dongliang®, LIU Yang’
(1. Research Center of Grid Energy Storage and Battery Application School of
Electrical Engineering,Zhengzhou University ,Zhengzhou 450001, China;

2. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China)
Abstract : Thermal runaway and fire extinguishing are both urgent problems in large-scale applications of lithium iron phosphate
battery (LFP) modules. In this paper, the thermal runaway characteristic of a single LFP module and a cluster of LFP modules
are studied under constant current overcharge mode. Water mist is used as a fire extinguishing agent to study its fire
extinguishing effect on single and cluster LFP modules. The experimental results show that the temperatures of the modules in
the cluster rise sharply after combustion,with a temperature rise rate of 42.74 °C/ s in the first 18 s. The peak temperature is
nearly 1 000 °C , which is significantly higher than that of the peak temperature of the single module (600 °C). After 100
seconds of continuous spraying of water mist, the temperatures of all the modules drop rapidly, and the fires are completely
extinguished without reignition ,thus proving that the fire extinguishing effects by using water mist are satisfactory. Above results

provide an effective theoretical and experimental support for the safety and fire extinguishing of the LFP-based energy storage
power station.

Keywords : lithium iron phosphate battery ; water mist; overcharge ; thermal runaway ;fire extinguishing
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