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Fig.1 Schematic diagram of the experimental platform
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Fig.2 The placement of the ball electrode in the tank

N T BUEERER LR AT LASEAEL GIS BE 48 PN sy

513,48 B T COMSOL 53 5 % He b 4745 B3t
o ISR t B R 5 R R A i
f=E./E, (1)
E. =U/d (2)
K £, V3558 K, iR ; U Sy ik (e
HL T 5 Ay PR (BB, SR o S 6 v i3 1 R AR [ B
2 mm, JE it COMSOL 158 4K {4 5¢ 1l d5e = S 58 11
TR B A & 3 BR, A8 R S N
102, F 1~ 1.1 Z i), J& FH5 s,

Ex10°%(V +m ")
2.0
1.8
1.6
14
12
1.0
0.8
0.6
0.4
0.2

H3 HKEEREFHAH
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Fig.4 Relationship between power frequency break-
down voltage and air pressure of SF,/N, mixed gas
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Table 1 Main parameters of the fitting equation
k R A B m n
0.35 09998 5723 61.31 0.684  139.410
0.31  0.9950 55.46 60.12 0.620 97.756
0.30  0.9983 53.49 58.58 0.681 207.598
0.29 09992 51.34 5871 0592  62.122
0.28 09984 49.68 57.36 0.547  54.877
027 09970 48.12 5548 0.596  83.414
0.25 09945 46.42 53.92 0.613  102.627
020 09986 4494 5292 0.604  71.085
0.10  0.9997 42.66 49.97 0.616 75.628
1 0.9993 59.97 63.29 0.685 135.572
0 0.9902 21.57 28.62  0.594  63.933
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Table 2 Main parameters of the fitting equation

P R Vinas m n
0.682 0.997 2 81.68 21.56 0.69
0.684 0.997 4 94.68 22.74 1.43
0.686 0.997 1 79.13 18.54 1.97
0.688 0.999 2 77.29 18.01 2.08
0.690 0.998 6 72.19 17.47 2.57
0.692 0.999 7 70.86 17.31 2.76
0.694 0.999 9 70.52 17.20 2.84
0.696 0.999 9 69.80 17.24 3.03
0.698 0.999 5 69.48 17.26 3.15
0.700 0.999 0 69.23 17.28 3.27
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Fig.7 Relationship between power frequency break-
down voltage and mixing ratio and pressure of
SF./N, mixed gas after optimization
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Air supply strategy of equipment based on SF, mixed gas insulation performance
ZHOU Qian'*, KE Kun', ZHANG Xiaoxing' , TIAN Shuangshuang' , HU Juntai’, WANG Bo’
(1. Hubei Engineering Research Center for Safety Monitoring of New Energy and Power Grid Equipment, Hubei University of
Technology , Wuhan 430068, China ;2. State Grid Chongqing Electric Power Company, Chongqing 400015, China;

3. State Grid Henan Power Company Pingdingshan Power Supply Company , Pingdingshan 467001, China)
Abstract: With the growth of power demand and the increase of environmental protection requirements, the use of SF, gas is
gradually limited. SF¢ mixed gas reduces the amount of SF, gas to a certain extent and has been used in electrical equipment.
The insulation change caused by SF¢ mixed gas leakage in 220 kV gas insulated switchgears (GIS) is studied. By changing a
small amount of pressure and mixing ratio, the insulation performance change of the mixed gas is explored, and the influence law
of pressure and mixing ratio factors on the breakdown voltage of power frequency is analyzed. The insulation strength curves of
mixed gases in different proportions at each pressure are obtained,so as to obtain the air supplement strategy to ensure the safe
and stable operation of the equipment. It is found that the breakdown voltage of mixed gas changes with the increase of pressure
and mixing ratio,and the nonlinear degree increases, and the boundary values of mixing ratio and pressure for safe operation of
equipment are obtained. The study can provide operation and maintenance procedures and technical standards for SE,/N, mixed
gas insulation equipment. At the same time, it lays the foundation for the development of mixed gas detection technical

standards.

Keywords : gas insulated switchgears ( GIS) operation and maintenance technology; SF¢/N, mixed gas; reakdown voltage;

alternative gas;gas supplement strategy

(%8 4A&PL)

(L% 135 1)

Technology of hybrid back-to-back soft open point
XU Tao', GE Xuefeng®, DOU Jingming’ , SHI Mingming”, ZHANG Chenyu”, MIAO Huiyu’
(1. School of Electrical Engineering,Shandong University, Jinan 250061 , China;
2. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute ,Nanjing 211103, China;
3. China Electric Power Research Institute Co.,Ltd.,Beijing 100192, China)
Abstract : The soft open point (SOP) using the back to back power converter can flexibly, fast and accurately regulate the
power flow among the adjacent feeders by implementing the multi-targets control including nodes voltages and network losses
and also has the capability to isolate the fault and recover the power supply. However,the range of power restoration is strictly
limited by the SOP capacity. A hybrid soft open point system with a partial scale back to back converter and a load switch
parallel connected is proposed. The power flow and voltage distribution could be regulated by the back to back converter as
usual. And the load switch could realize power recovery for all the customer interruption under the fault condition. Moreover, the
back to back converter can flexibly regulate the power flow through the load switch and help realize the zero current turning off
of the load switch,which can effectively extend the working life of the load switch and reduce the equipment cost. Furthermore,,
the performance of the proposed hybrid SOP is verified by the simulation results.

Keywords : hybrid soft open point;fault isolation ; power recovery ; parallel load switch;zero current turning-off operation
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