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Abstract ;: Reasonable arrangement of the structure of the interrupter is an effective way to avoid insulation
damage. A structural optimization method based on neural network and genetic algorithm was proposed to
optimize the insulation performance of vacuum interrupter. The electric field model of 12 kV vacuum in-
terrupter was built. The electric field distribution of the main shield with different parameters was calcu-
lated. The orthogonal regression method and BP neural network were combined to construct the mapping
model of the structural parameters of the main shield and the maximum field strength and field strength u-

niformity of the vacuum interrupter. The genetic algorithm was introduced to optimize the structure of the
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main shield. The influence of shielding material on the insulation performance of vacuum interrupter was

analyzed. The results show that the electric field of the vacuum interrupter decreases with the increase of

the diameter of the shield, and increases with the increase of the thickness of the shield, and decreases

with the increase of the angle. Stainless steel as the main shield material can make the vacuum interrupter

have the advantages of low cost and excellent insulation performance. The maximum electric field of vacu-

um interrupter is reduced by 2.07 x 10° V/m, and the uniformity of electric field at shield and contact is

increased by 1.4 x 10" V/m after optimization. The optimization design method can reasonably improve

the structural of vacuum interrupter and effectively control the electric field distribution of vacuum inter-

rupter.

Keywords : vacuum interrupter; electric field; orthogonal experiment; neural network; structural optimi-

zation
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Fig.1 Prototype of vacuum interrupter
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Table 1 Structural parameters of vacuum interrupter
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Fig.2 Electric field model of vacuum interrupter
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Fig.3 Influence of opening distance on electric field of

vacuum interrupter
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Fig.7 Influence of shield edge angle on electric field of

vacuum interrupter
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Fig.9 Comparison of predicted and actual electric field
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Fig.10 Comparison of electric field uniformity
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Fig.11 Optimization process based on genetic algorithm
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ZH ALY LS
HA& D/mm 101.3 109.9
JEHE H/mm 4.3 2.03
B A/(°) 145.3 117.96
Y5k E/(V/m) 3 545 006 1467 572
Y4518 ¥/ (V/m) 212 666 226 484
AT IR H 0.476 4 0.955 5




9 1 FEARTEAE  BL T R AR A R 28 N 2% B L 2% K I3 H A Ak 7 g 155
101 BRUAE fr R 37 3 B LK S F R AEG, Fh 1. 482 x 10° V/m
0.8t —-—WW?EME PR Z 1,467 x 10° V/m, X He 45 B mT i fb s

—_—— AN 3 }T\‘ ~ N N S, DY N

5 os R TIEIE ) 2 7 B s P R T A 0 57, A SCOR PR 0 455

5 oal VEGE A MR R AR BE 7 v T LA i itk 2
02 W EE 25 A S8, 3k B KSR P R L A 00 A 1Y

0 I 1 1 I 1 I I 1 I | 75
0 10 20 30 40 50 60 70 80 90 100 R
BARWEK ;
(a) 15 BE AR AL 2% ” ;
3.5x10 | —wxmm _ E
= s s {28x10°E ;
E s paolii e |
s {26x10°% 5
3% 2.5x10° 15, 4x105§ E
]]]Ll;‘( 2.0x10° "--""'"-""'""""""""""""_ 2.2)(1054@ i
1.5x10 G :
! ! I I ! | I I 1 112.0%x10° H
0 10 20 30 40 50 60 70 80 90 100
BARWEK '
(b) TR 55 ERA L g4xmﬁ
112 S 3x10°
£ 108 B 2106
@ W
im 104 R 1 x 10
1 1 i 1 1 1 1 1 1 1 .@ 0 1 1 1 1 1 1 1 1 ]
1000 10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100 120 140 160 180
BARWEK 1 BE 89 /mm
(c) R EHAMAT R (a) 3 BFEE P R 1T HL 370 B A A
5.
g 4f r
£ .
Q 3_‘Li/—\_/_ |
o 2t E
1 1 L L 1 1 L 1 1 L J :
0 10 20 30 40 50 60 70 80 90 100 !
AU !
(d) T B BE AR A R Lo
__ 160 -
< 140 i !

g 120 .

R/ 100 b

% 80 1 1 L 1 1 1 1 L L ] i E

0 10 20 30 40 50 60 70 80 90 100 i
TR rpmmmal
(e) B REE 4301 £ BE (L AL R g lox 1¢° L
Y I
> 1
E12 REELEHSEERMATIE E j
Fig.12 Structure optimization process of shield g
pra\
# 80x10 0 20 40 60 80 100 120
S 3o 0 0 A O A 2025 T2 Bl
SR A AT S R R PN R AT L Y B A an 1T 13 (b) fi Sk e s e 3578 BE 4 A

F

ARG AR JS Y 3 e B T B AR ]
K, 5 55 0 AR A 5 Sk B B S K B X R
HE AR TE B L 3 4 v DB, (0 A5 0 5 i R N 2R TE
Tia) 3758 B WD J S o, HG b A i A R K 35 (H
3.54 x 10° V/mf#ARZE 1. 04 x 10° V/m ; [F] s} b 3k [i]

B 13 REmELEWMEALTEITLIE

Fig.13 Comparison of electric field of shielding cover

4  EFF#EM R RGN E B I35 8 R
R A 200 K 9ILE H J 4A  R



156 Bl 5 % f % W

%29 &

Wi, 4 BB A AL R B R L T4l Bk DT4
AR BRAIN K R I, I 2 PN R R 373 70 A1 i O n
K 14 o,

(— _Wlﬁﬁkﬁmﬁ \
H E_=1.7114x 10°
DT4 |
m E,=17997x10° |
AR |

B 14 FdkEM R RGN E B HR T

Fig. 14 Influence of shielding material on electric field

Bl AR R L T4k DT4 il ok #G
RIS, A A R 37 23 A1 17 0 15 32 5 i 5808 A 45 4
IR A8 23 A1 FEAS AR [R] 1 1 5 DX AT S A 7 A 7 fih Sk
[ B B 5 e e B A s Ak o R R O < A ) 5
AR IR A i gl P A A ke
SERDRHT, FEAR AR A2 R B A L 40 A A AE . T
YRR R AR R B I, I A IE
Xt 26 S T T ) 24 2 b 7 DX I r 3 8 AR T
KX -GAIGE AT BT B S 70 A B A8, #s
ARE RSN R IR BO S ., IR O 5 AR A
b e L ok PR X, A DA T ki B P G YA AR e i 2 )
004

BEAN IR T Wi A v 2 7 A R AR e P LS
PRI, B A S R R /N 2 0 i R I
RIRE ST, RV = AL AR g BV o 2B e B b
ARHT B BE A S S I RS R I AE )0 , B7 LR A1 e 9T
GEAEAEHT, (E 2 I Ui L IICRE B A AE 1 AN B 2 s
S B I R AR R S PR B B TR A

e 45 JR BB H Al Bk K OK B AN 3K
i, (0 R I L 37 73 A1 52 W 5 AN A A A L
I RFEIEES WIERE 5 B 7 AP A ™
JRAS , NS T BRI R AR B d R, e T Al
R RO BEMA TR T REVERTRE, AR g 5 e AR K
SR 77 A 9 52 ) 3 AR BLTE IR 2 I T H g o
o TR TT WA W, = P B R A Bk
FEEESMINGE S 5 KA fil Sk B B 7 AR G

BN, 20t fol Sk 1] B L2 I 75 7 2B B
5 & &

ARSCERRT 12 KV B2 KR HL 374045 ) 81 7
WEIE  FE5 3 T KONE 2l 3 0 BSR4y T 325
T 8 2 ) AR Al R L 3 43 A 2 ), SR G JE T
AL L R A 22 I 24 ok 32 B ke B 4 W 2 Bt A ik
B PSSR

1) FE A7 BR e B PR 2831430 07 vk T A5 31 3 Bk
e A PR ZENT KR 2 PN S L3 43 A 1) 5 T R B
e R ABF 23 Wt G o7 i B A8 % B Jn i s /) | B
o SR RL R (B N G | B S S AR Y
BEANTAD 3 KR E L A A e T A A —
SESFME, B RINE NHR B Rt 5 32 Bl B 4
GEMSHL R I S 56 R R B 2 AR R MR B R
LA DL TE 1 B B 2 B A R IIZ T AN BE
UG PRI Z2 445K 2500 i 3 0 L RIS i AL

D) HET 1 AL B 1 N 22 I 4 AR AL T 1k RE S
TE 2% [ 22~ 2 R DR B0 K32 B 3 [R5 i £
AR, T4k PR R SR R A5 F S8, (K= f
RTINS, 502 DATE A 50 1 S0 R 3R AL 7 15 B
RRESLINN . L2 0r Ak , K= i b 5 KA
FAK 2. 07 x 10° V/m, Ji i B K% fioh 3k i) B Ak Fi 37 3%
SRR 1.4 x 10° V/m, AL TR L A b2 45 1)
DAL T 1T LA 3k AR IR ZE P H 35 50 A 1)
BOR

3) FEXT KR AT BT, 32 o i B e 1 AN 5
AR R fcds, T A K 2 e L AR A1 i S 4 %
PEREIE S5 . JF HLAE KN = S50 1T B, 1%
Gi A BRIT T A BT R S A T B A
TR AL PR R ARG ) 5 A% SCR FH 9 1 22 90 2% 7
VRS T A BROCTT R AR, U AR 4 I 2k
AR LA B KRS SR S A AR R D
PR VR T O IR AR 5 R X R A R
M, MR T R R R, PR b 28 R 45 ik
A7 5 R R, HGE M MG BR G A AR RE T L
%y o A AR BIAE K= S5 Ak T
Ve, T B2 R R 7 ik AR R 34 AR 4 R TR £ Ak
B B DA P ELAAR T SR T o i A TN (L 38
WG TAETT ) IO AR S BT 54 AL TAF
BAHIES %,



(2]

[10]

1], HHEEHAR, 2021, 47(8) ; 2769.

ZHONG Jianying, CHEN Gang, TAN Shengwu, et al. Key tech-
nology and development trend of high-voltage switchgear[ J]. High
Voltage Engineering, 2021, 47(8) : 2769.

HART, I, BARAE, 5. BB ST I E A WA NI
FE RGBSR )], LS4, 2023, 27(3) : 147.
DONG Huajun, SUN Peng, LI Dongheng, et al. Research on
structural characteristics of rigid-flexible coupling system of VCB
considering electro-dynamic repulsion force[ J]. Electric Machines
and Control, 2023, 27(3) ; 147

BICHRE, BORNT, TR, &5, MRS BT OCH A T AR
BAERARARL)]. Bl SRR, 2025, 29(7) ; 12

LI Yuanqi, GE Yining, WANG Li, et al. Reliability verification
and optimization of split-type on-load tap changer structure[ J]. E-
lectric Machines and Control, 2025, 29(7) 2 12

HARR, BRI, Zaar, B AT ML RGN REY”
JEFFERFSE[J/0L]. EET&?!:”%E, 1 -14[2025 -09 —05].
https://doi. org/10. 19595/j. cnki. 1000 — 6753. tces. 250629.
DONG Huajun, LI Dongheng, LI Jinjin, et al. Research on fa-
tigue crack propagation characteristics of vacuum switch transmis-
sion system[ J/OL]. Transactions of China Electrotechnical Socie-
ty, 1 - 14 [2025 =09 - 05]. hitps://doi. org/ 10. 19595/j.
cnki. 1000 - 6753. tces. 250629.

RZE, W, BIL%E, & BT AT FHAR I E R EL A 53
RGP AT SSAEL ], AL S AR, 2019, 23 (1) : 63
ZHU Jun, LI Bo, RUAN Jiangjun, et al. Analysis and test for the
DC vacuum interruption process based on the artificial current zero

2019, 23

technology [ J ]. Electric Machines and Control,
(1) 63.

AU AR, ZEFY. O r A 2 R B R A K 4
GRS AT )], FRHLER , 2023, 59(4) : 169.

ZHAO Feng, YANG He, LI Ling. Research on impact of high fre-
quency inrush current when making capacitor bank on insulation
characteristic of vacuum interrupter[ J]. High Voltage Apparatus,
2023, 59(4) : 169

ATk, FHaKINE G RUE T 2 LA BaTH e[ D]
TEBH . %IIHTJU(%, 2006.

XUGEWT, FRpkfgr. SR B4 ri i 125 ) 25 OO 38 L 3 KL
ERABEFE C/7 55— L A 5% 4 OB Rk 22 R 2 i
2007, 11 H8 H -10 H, #[E, P44 2007 724 -730.
R, B, BRI, G SRR A KIE N
AR ]. EREROR, 2024, 50(2) : 570.

LI Shuo, XIU Shixin, JIA Shenli, et al. Influence of metal tank
on the internal electric field distribution of vacuum interrupter[ J].
High Voltage Engineering, 2024, 50(2) ; 570.
BT, 4. 363 kV LI FI P EL

HRT, AR, ZE Wi A

[11]

[12]

[13]

[14]

[16]

[19]

559 1 HARTEAE LTIt SR A 28 I 45 1) 23 KON 2 FL S A O e 157
S % X #k. R D]. SRS, 2019, 55(10) ; 19
(1] Bhase, BRNI, e, 5. BRI U R R MR Rt HUANG Yongning, YU Xiao, FAN Yiping, et al. Electric field

simulation of the 363 kV multi-break fast vacuum circuit breaker
[J]. High Voltage Apparatus, 2019, 55(10); 19

R, H/ME, BEM, 5 HRRBRE Z W 0 s Wk A
BTSR[], R ERR, 2021, 47(9) : 3200.
CHENG Xian, TIAN Xiaogian, GE Guowei, et al. Electric field
analysis and optimization of 126 kV environmental protection gas
insulated tank circuit breakers[ J].
2021, 47(9) : 3200.

SR, BUTLZE, WOEAE, 55 W0 E S WA R HL A

WHREHR[T]. mEHE, 2011, 47(3) : 77.

WU Gaobo, RUAN Jiangjun, HUANG Daochun, et al.

High Voltage Engineering,

Review
of grading capacitors of multi-break vacuum circuit breakers[ J].
High Voltage Apparatus, 2011,47(3) : 77.

R, 2dE, BWEM, . BB A YRS KN
HETESIAL)]. FREREA, 2022, 48(3) : 820.
CHENG Xian, LI Xin, GE Guowei, et al. Insulation configura-
tion and optimization of integrated voltage self-sharing interrupter
for series connection[ J]. High Voltage Engineering, 2022, 48

(3): 820.
HEMA, T, B, % E TS S —Aik

RS IORE RSB [T]. B TH AR, 2024, 39
(17): 5555.
GE Guowei, WANG Wenbo, CHENG Xian, et al. Electric field

design of integrated high-voltage vacuum interrupter based on two-
gap asynchronous linkage[ J ]. Transactions of China Electrotech-
nical Society, 2024,39(17) . 5555.

thdear, XILEW], BRig, 4. E??Eﬁihﬁk%ﬁm[’ﬂ%ﬁé’

KMEHSLEZ MBI E T [T]. AERES AN,
2022, 42(2) . 118.
MA Shiqi, LIU Xiaoming, CHEN Hai, et al. Optimization and

analysis on electric field of vacuum interrupter based on HVG
[J]. Chinese Journal of Vacuum Science and Technology, 2022,
42(2): 118

KUEHN B, KURRAT M, HILBERT M, et al. Characterization
of metal vapor deposition on vacuum interrupter ceramics and its
impact on electric field distribution[ J]. IEEE Transactions on
Dielectrics and Electrical Insulation, 2017, 24(6) : 3333.
FENG Weigang, LIU Zhiyuan, MA Hui, et al. Breakdown of shield
High Voltage, 2020, 6(4) : 693.

SHEMSHADI Asaad, AKBARI Asghar, MOHAMMAD Seyed, et

gaps in vacuum interrupters| J ].

al. A novel approach for reduction of electric field stress in vacu-
um interrupter chamber using advanced soft computing algorithms
[J]. IEEE Transactions on Dielectrics and Electrical Insulation ,
2013, 20(5) :
CAO Yundong, LIU Xiaoming, WANG Erzhi,

1951.
et al. Electric

field optimization design of a vacuum interrupter based on the ta-



158 BHOoHL 5 % H % W 5529 &

bu search algorithm[ J]. IEEE Transactions on Dielectrics and E- Apparatus, 2023, 59(2) ; 23.

lectrical Insulation, 2002, 9(2) ; 169. (23] B30, ik, ZEFHIE, % ERFELRITWES KIRER

[20] EARAL, FEYL, SRIEA, 55, PIFP 40.5 kv EA KilEHY BT[], mRAEAE, 2023, 59(10) ; 30.

ARSI AT WHETE [ V], SRR 5K #HiE, 2015, WANG Wencheng, ZHANG Peng, LI Xiufeng, et al. Electric
35(7): 801. field characteristics analysis of vacuum interrupters based on or-
DONG Huajun, KANG Kai, GUO Yingjie, et al. Electric poten- thogonal design[ J]. High Voltage Apparatus, 2023, 59(10) ; 30.
tial and field distributions of two types of 40.5 kV vacuum inter- (247 XUBEW], XU, 25Tudc, S5 5T WOk bl 2 19 46 i 4 0 3

[21]

[22]

rupters[ J]. Chinese Journal of Vacuum Science and Technology,
2015, 35(7) ; 801.

B, 40.5 kV B2 KIS i ik B o i [
KIEAZE K, 2015.

WRRNTT., FMEEE, XUBEE. B 72,5 kV HAS W AR OB &
B[ T]. RERAY, 2023, 59(2) ; 23.

YAO Canjiang, SUN Longyong, LIU Yingying. Development and

D]. Kif:

design of new 72.5 kV vacuum circuit breaker[ J]. High Voltage

Rz RN E st (1],
40(4) : 359.

Ha B 5 AR, 2020,

LIU Xiaoming, LIU Wei, LI Longnii, et al. Optimal design of
vacuum interrupter based on improved neural network and genetic
algorithm[ J]. Chinese Journal of Vacuum Science and Technolo-

ay, 2020, 40(4) : 359.

(%t 1 H)





