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Analysis of 12 kV Vacuum Circuit Breaker About the Voltage Fault and Optimum Design
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Abstract: In the power frequency withstand voltage test of a 12 kV vacuum circuit breaker for plateau, the airspace
of coupling bolt is susceptible to breakdown. In this study, a simulation model was established by the 3—dimensional
modeling software SolidWorks, and the electrostatic field was simulated by Ansys Workbench to obtain the distribu-
tion diagram of the equipotential lines of the circuit breaker and the distribution of the electric field. The concentra-
tion location of the electric field and the reason why the breakdown occurred in the voltage withstand test of the prod-
uct were found by analyzing the distribution diagram of the equipotential lines and the distribution of the electric
field—the unreasonable designs of the insulation rod and the pole umbrella skirts resulted in distribution distortion of
high and low potentials. A method for optimizing the insulation rod and the umbrella skirts was proposed to increase
the air clearance on the premise of guaranteeing safe operation of the equipment and minimum cost. Finite element
simulation of the optimized model was conducted with the software ansys, and the result indicates that the maximum
field strength in the air domain decreases by 14.8%, from 3.31X10° mV/mm to 2.82x10° mV/mm. According to the na-
tional standard GB/T 20635—2006 special environment condition—technical requirements of high-voltage appara-

tuses for plateau, insulation withstand voltage test of the optimized equipment was conducted, and the result show
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that the power frequency withstand voltage level gets up to 51 kV, completely meeting the operation requirements for
the altitude of 2 000 m. It is proved that the proposed optimization solution can effectively solve the above breakdown
problem of the 12 kV vacuum circuit breaker. And this solution needs minimal change of the original structure, least

reconstruction, and lowest cost. This study may offer a reference for optimization design of insulation structure of me-

dium voltage switchgear for plateau.

Key words: voltage fault; vacuum circuit breaker; Ansys; electric field optimization; insulating rod
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Fig.3 Structural diagram of 12 kV vacuum

circuit breaker

2.2 HIFHSH

12 KV FL7Z5 B 6 2% 40 % b R) 5 240 45 38 A
g RERRE e e (B A RO A . FEAH AR A R
Oy TR L H i FAE A

Ap=0,0U40,
g, O )
D=¢,

K ARP SR T 5o MEAL; QN
AR XI5 20 80 M TG A LR n A 5 B i
) AR T

Horr i BUEA PR O D4 E AR ERIES
SR AT BRI (1 5 H R B 05 @AHARAY B A b 1)
SEE fp)=0@/on(E T E RS 2L 2)rY 45
W2 A

Fig)= ¥ 3, (e1% - 2pF)d02+

Thef P Ar + 34 ef (g |

B : Flo) b o BRE QA0 5T X8 5 TR0
A1 sp LI 08500 11 o L R

Fig)=0 @)

3)

H130(2)-(4) 1] 1%
Ko =0 o)

G K AR BEH I s A5 i, PR
s By A AT SR e, BIVREAS T AU LA

12 kV B i o8 = 4E 07 FURERY (A TR B ) A
Ansys Workbench A FRICH AT, T H 2 i F1 5 fi
ST WE LR 48%1.414 kV=67.872 kV= 6.787 2x
107 mV , i F  4xJ AR i il Sk 58 LU 0 mV, 75
B 12 kV ELAS W A L 37 0 B2 2R, 35 00 A I
A L 4.5,

5%/ (mV « mm ")
3.312 8 X10° max
3.076 1X10°
2839 5X10°
2,602 9% 10°
2366 3% 10°
2,129 6X10°
1.893 0% 10°
1.656 4% 10°
1.419 8X10°
1.183 1X10°
9.465 0% 10°
7.098 8% 10°
4732 5X10°
2366 3X10°
6.174 1X 10 °min

4 FHEN
Fig. 4 Diagram of electric field

Es5 ZBustH

Fig. 5 Diagram of equipotential distribution

L 4 S oA o B AT el AL i
F A B RGP AR T, S Rl 3.31%
10°mV/ mm, #8125 S B AE AR HE RSO 1 i
2 HLIZ R 3%10° mV/ mm , 88 H IR {34 10.3%

BN SINE AR VA i TH S I BN R U 22l R 3EE)
PR TE A G P AT 5 WRE D R b il RS
— AR AL AT SR B S — A S
SIEE SRR A T SRR (R L) S R (e
ML) 2 (a2 S, il & 2B T %8 . F k] DL, 4
GRAF (WA RN 4 Z P AT SR BT AN A B, SR ARG
st X b 23 SRS 2 5 A 2 AR AR A



BRI

SRR, B, BRACHT. 12 kV LS WA SR S B A A 1 - 55 -

3 L

R IZ 12 kV B2 W B 9 0 A, B
ity 208 G i s 7KV, AR A0 22 i 1Y) L 300 A 2 PR A v
{3 28 53 A1 1AL, 1 e e OO0 A <4 10 45 4 7 TR R 3
23 T R AR 4 T AT G i < o 2 25 U3
SiR , T A2 A G AT I L SRR ARSI . PR [
BEARE B SR AR g, AT BE A AR i T 4
O, R MM 53k & G i AT FIRRAT: ) B S — A
P18 75 0 A B 4 AT BT 30T ) 25 FL (S22 ) A, A
1113 BA 3 2 2 P AT MUARAT <o B Al 25 <k 58, 1K
A G R R R 6.7,

10’

(a) PRALTD (b) Ak
E6 G

Fig. 6 Diagram of insulated rods

(a) TRALAT (b) tRfL)a

E7 it
Fig. 7 Diagram of solid seal pole

3.1 B BERATRAE

LS T LLUE R, R TE A T S —
A0 IR BS54k 2 5 A A 8 g S it — > <
W I BT, i KRR E] 2.91%10°m V/mm ,
T EZ5 R ILIE 8
3.2 BB RAERE

F LS 38 AT DL B, R A 2 A A T — A A
PR A AT B S 2 o SR 0 A A A TR S e < A
AT AT, S A KA RS 3.07%10° mV/ mm

|

Wt/ (mV + mm)
2916 8 10° max
2708 5% 10°
2500 1X10°
2291 8%10°
2.083 4% 10°
1.8751%10°
1.666 8 10°
1.458 4X10°
1250 1X10°
1.041 7% 10°
83338X10°
6.2503%10°
4166 9%10°
2,083 4X10°
6.057 0 10 *min

B8 AUBBZAITRE

Fig. 8 Optimization of umbrella skirt of insulated rods
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Fig. 9 Optimization of umbrella skirt of solid seal pole
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Fig. 11 The results of insulation withstand voltage test
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