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Electric Field Simulation and Optimization of Composite Bushing and Connecting Copper
Bar Area of 40.5 kV Gas-insulated Ring Main Unit

ZHAO Jing', SHAO Mengya', LIANG Jingxuan®, LIN Jian®, YOU Yimin', TAN Shaofeng'
(1. School of Electrical Engineering & Automation, Xiamen University of Technology, Fujian Xiamen 361024, China;
2. Xiamen Huadian Switchgear Co., Ltd., Fujian Xiamen 361006, China)

Abstract: In view of partial discharge phenomenon of composite bushing and connecting copper bar area in the com-
partment of a certain type of 40.5 kV gas insulated ring main unit, which leads to the reduction of the insulation per-
formance of the ring main unit, the SolidWorks software is used to set up a three-dimensional model of the composite
bushing and connecting copper bar area, and then Ansys Workbench finite element analysis software is used to simu-
late the electric field of the composite bushing and connecting copper bar area. The results show that the electric field
is concentrated on the end of the hexagon socket cylindrical head screw, top of the stationary contact of arc initiation,
top of the connecting copper bar and the bending position of the connecting copper bar. On this basis, such four struc-
tural optimization measures as change of the type of hexagon socket screw, addition of a grading shield on the top of
the stationary contact of arc initiation, increase of the bending radius of the rounded corner connecting copper bar the
increase of the distance between the connecting copper bar and the front panel of the enclosure are adopted to effec-
tively reduce the electric field intensity near the composite bushing and connecting copper bar area. Finally,the opti-
mized composite bushing and connecting copper bar are assembled and the prototype has passed the insulation test
verification.

Key words: 40.5 kV ring main unit; composite bushing; connecting copper bar; electric field simulation; struc-
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Fig.1 3D solid model and simulation model of composite

bushing and connecting copper bar
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Fig.2 Local area electric field simulation cloud picture of
gas box side of composite bushing, connecting copper bar
and arc initiating static contact
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Table 1 Maximum electric field intensity of different parts
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Fig. 4 Local area electric field simulation cloud picture

with inner hexagon flat round head screw
Je, [k I Ak UM 0.5 o FY (B8] £, HL i 2
VEAA RIS NP A% L a
TRERA . A2 B 5Nk AR B R, 25 A
5 | 9 S T 484 00 249 e o i B o 49 1 5t i B A
TUDLIE 5, 3402 5 i B2 2 B SFs s 35
=LK 6.

///.44 3 >
4

E5 HERHEEE
Fig. 5 Equalizing pressure shield housing model
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Fig. 6 Local electric field simulation cloud picture after
adding the equalizing shield
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Fig. 7 Diagram of bending radius of connecting copper

bar for bushing
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Fig. 8 Curve of maximum field intensity on copper bar
surface of connecting copper bar bending with the
change of R
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Fig. 9 Local area electric field simulation cloud picture

of R=12 mm
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Fig. 11 Before and after optimization of position and size
of connecting copper bar
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Table 2 Results of rated short time power frequency

withstand test
e Bt RIRELRME I ik g
WAL BRI EURAV  BUR(EAV OREL B
Aa BCbcF 95 94.8 1 0
Bb ACacF 95 94.9 1 0
Ce ABabF 95 94.9 1 0
5 it

SCHUR A SolidWorks R EE S T 40.5 kV SFe/<,
IR G A AR S 5 B 5 i A R = 2R 5L
T2 B H b R TG, SR A BR R X
BEEE 5 HE SRR BT T
BE{ ELAHT A3 T HL 37080 B 43 A 2 PR s R
B KGR, IR IR EL4E St 3 A 2 A A 7 A
feleift . 25 3R0

1)ifi i3 Ansys Workbench 7 FR C# 4% 2 & &
5 HE R R B A AT, R
BAEE 5 IR HER N 7S A B S 88 T %
P HE TR v 55 4 A | 5 [ Sk T 3y 252 X Sl A7 A



-+ 54 - 2024412 Zudxz $60% 412
*3 HEEFRMEMZRERBESR
Table 3 Results of rated lightning impulse withstand voltage test
nE e ) S RAB/KV
N Lo ek
[ A v 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A BCheF 184.9 185.0 184.6 185.6 184.6 184.4 184.8 185.0 184.5 185.0 185.6 184.2 185.3 184.6 184.6
¢ ¢ _ 184.6 184.2 184.5 184.7 184.9 185.5 184.1 184.4 185.9 185.6 184.4 186.1 184.2 185.7 185.6
B ACack + 1844 186.0 185.7 184.4 184.8 185.8 184.5 184.9 185.5 185.0 186.1 184.8 184.2 185.2 186.1
ac
_ 1843 184.3 186.0 185.0 186.0 186.1 185.3 185.1 184.7 184.6 185.6 184.4 184.2 185.3 184.2
C ABabF 185.3 184.5 185.0 184.8 184.4 186.1 184.2 185.5 184.2 185.1 185.7 184.7 184.2 185.2 184.7
‘ * _ 1844 1849 185.3 184.6 184.6 184.1 185.6 184.3 184.8 185.8 184.5 185.0 184.7 1854 185.6
T AR i B R 185 kV 5 il ZF B 0.
fL 5 SP SRV S S R B AN 1) RELE TR, 12 kY ST 5

B, SR S ST AE X B

2038 i AR S AR RTINS [k
Uiy B I 5 R, VAR A HE T R AR RN
RGNz B HE 5 A5 AR 2 8] A #E 255 4 AL
A& ite , e BEUR P AL B R i K7 7e
VFFH HL 3750 B R (L LAY o

3VIRIE VAL SG T 58, 26 FH P 7S o - 15 Sk BB T
TVEY R G TR HER A, I
2 26 39 B O AR A 7 0 S e R TR 52 H R G S
B TR L e T A2 RS . R g SRR ik
T ARAE S5 R S5 197 i 48 2 P RE 1T LA JE 40.5 kV L
JE AR IR AR I 48 25 2K

SCHRAISE AR v 52 BR T R, 40.5 kV
WM E &8 5E R H T g A
BT A R 40.5 KV BRI AT 19424 0]
S

SE 30k
SRR PG LIy 2 IR SR 2T, o i

TRE,2021(21):258-259.
SONG Yuzhang. Analysis of the current situation and

(1]

prospect of offshore wind power generation|[J]. China Plant
Engineering,2021(21):258-259.

= 40.5 kVAFTT SR LT SRR S5 Ak S R g 0
Hr{J]. HLTHAR ,2016(10) : 65-68.

HAN Yun. 40.5 kV with switch cable branch box structure
optimization and electric field analysis[J]. Electrical Engi-
neering,2016(10): 65-68.

PR RN, LA S ETFAE NI ]
K ILsZm R A3 Hr()]. = RS , 2017, 53(6) : 154-160.
JIA Yongyong, YANG Jinggang, GAO Shan, et al. Simula-
tion of internal electric field of high - voltage metal - en-
closed switchgear and influencing factors[J]. High Volt-
age Apparatus,2017,53(6): 154-160.

(5]

(6]

(8]

(]

25 KN ZE AN Zr 25K ) WL S e AL BET ). & TR L 4
2020,56(11):152-159.

GUO Lili, WANG Ping, HAN Chenguang, et al. Optimal
design of electrical field for external insulation of vacuum
interrupter in 12 kV nitrogen insulated switchgears[J]. High
Voltage Apparatus,2020,56(11):152-159.

BT X, AR, A B A SR L
DR FERI B2 Wi AR [)]. B ik R A , 2023(6) : 209-218.
YANG Daiyong, LIU He, LIN Haidan, et al. Acoustic-opti-
cal collaborative detection and diagnosis technology for ex-
ternal insulation discharge of power equipment[J]. Insula-
tors and Surge Arresters,2023(6):209-218.
SRR, Tl E 2 IMGE T, A B 12 kV S AL
GIT KB WA, B 5 18, 2021(8):57-59.
ZHANG Yangku, GU Wangrong, SUN Xiaoding, et al.
Structure design of a new 12 kV AC solid - insulation
switchgear|J]. Science and Technology & Innovation, 2021
(8):57-59.

2o, THB, T B, PR R AR 4%
1 S — e A ) 2 SR e A s R G PR AR 1 [
R, 2016, 52(8): 7-13.

LI Bin, WANG Rixin, WANG Jun, et al. Thoughts on vari-
ous kinds of main insulation of medium voltage distribution
cabinet - comment on the characteristics of withdrawable
compact air - insulated RMU[J].
2016,52(8):7-13.

HRTRAR, E W BRART. R 12 kV EL2S T BRI R SR
M I LA RARLD]. = R AR, 2018, 54(9): 52-57.

HAN Shaigen, WANG Tao, WEI Dongxin. Analysis of
12 kV vacuum circuit breaker about the voltage fault and
optimum design[J]. High Voltage Apparatus, 2018, 54(9):
52-57.

N AL E BTG R Y LA WS AR
LRGBS ) RGO 55, 2022, 50(2):
102-109.

SUN Hua, WANG Bin.Arc-quenching ability detection of a

high voltage vacuum circuit breaker based on switching

High Voltage Apparatus,



B 5507

B, BRAHE, GRSHE, AE. 40.5 kV SUMRYE SR R S 15 B A R RS DR L7 05 1L R A A + 55

[11]

[12]

[13]

[14]

[15]

[16]

[17]

and closing current[J]. Power System Protection and
Control,2022,50(2): 102-109.

PERILHR , A= 525 , FK 58, 45, BUB S i 0 B X 4654
DAL HEas SRERUEHEIR ,2018(19):22-25.
PANG Kaige, NIU Zhehui, WANG Yongliang, et al.
Research on electric field simulation and structural
optimization of double-pass casing|J]. Electrical & Energy
management Technology ,2018(19):22-25.

A ARG, B EER , 5F T 2R AR %
A BRBE R R A GORASTEAL D], o RGP S
2023,51(20):119-128.

ZHENG Hanbo, JING Jiaxing, LUO Xiaoqing, et al.Defect
identification and insulation condition assessment of an oil-
immersed paper insulation bushing based on multi-source
fusion[J]. Power System Protection and Control, 2023, 51
(20): 119-128.

B, ZRRAL AT R 12 KV R R 2 1 [ A 4 2%
PRI J=y SRS A BT S A5 A BT . 5 TR LA, 2018, 54
(6):241-247.

HOU Chunguang, LI Qiuhong, GAO Youhua. Partial dis-
charge analysis and structure design of solid-insulated ring
main units with 12 kV coated shield|J]. High Voltage Appa-
ratus,2018,54(6):241-247.

B WL, AEAENE , S SO, AL R L AR R AR L
R R 5 I 7 IR LR S T T RE TR, 2022, 38
(11):55-60.

YANG Fan, LI Yahai, LU Wenbin, et al. Ultra - high
frequency signal monitoring method for partial discharge
process of high - voltage electrical equipment[J]. Power
System and Clean Energy,2022,38(11):55-60.

MWL RGERE U, A T OCAE R AR L 23 A R £
[J]. FL T HR, 2021(9): 50-53.

WEI Bin, WANG Xin, DU Yuefan, et al. Analysis and loca-
tion of partial discharge of switchgear[]J]. Electrotechnics
Electric,2021(9):50-53.

L BIEERR. KYN61-40.5kV IF AR ZERE B4 1 il 4
15 B R E5F AR, o 2%, 2021, 57(1): 68-74.
HUANG Jingjing, CHONG Jiali. Electric field simulation
and structure optimization for wall bushing of KYNG6I -
40.5kV switchgearJ]. High Voltage Apparatus, 2021, 57
(1):68-74.

SRR RERT, B N, 4F 405 KV IF AR AR R
oW 5 B AR S IEAL]. TR LA , 2020, 56(10) -
13-17.

CAI Mengyi, ZHAO Hengyang, YANG Wei, et al. Electric
field analysis and shielding plate structure optimization for
bushing in 40.5 kV switchgear cabinet[J]. High Voltage Ap-
paratus, 2020,56(10): 13-17.

B4 30 110 kV FF S S8 A BROC = 4B 70 ()], BH
K,2021(7):185-186.

[19]

(21]

[22]

(23]

[24]

[25]

ZENG Lingwen. Finite element three - dimensional electric
field analysis of 110 kV wall casing[J]. Technology Wind,
2021(7):185-186.

AR, TR T, WA, 4. 800 kV Xl H
AR A BT SN SR S S )] AR R AR, 2022, 59(1)
22-27.

XIE Zhicheng, ZHANG Jinyin, PAN Zhicheng, et al.
Research on defect analysis and optimal measure of 800 kV
butt-type DC wall bushing|J]. Transformer, 2022, 59(1):
22-217.

SHI Zonggian,ZHANG Yingkui, WANG Qiaosen, et al. Nu-
merical investigation on residual axial magnetic field in vac-
uum interrupter in DC interruption based on artificial cur-
rent zero|J|. IEEE Transactions on Power Delivery,2017,32
(4):1915-1923.

LIN Renjie, WANG Lijun, SHI Weixin, et al. Experiment
investigation on triggered vacuum arc and erosion behavior
under different contact materials[J]. IEEE Transactions on
Plasma Science ,2018,46(8):3047-3056.

R 10 KV S S0 P AR A2 6215 475 B0 7 5[],
VIV HL 7,2021,45(4):31-35.

LI Huisheng. Modeling and simulation method of 10 kV SF¢
gas - insulated ring - network cabinet[J]. Jiangxi Electric
Power,2021,45(4):31-35.

LI Xingwen,ZHAO Hu, MURPHY A B. SFs-alternative gas-
es for application in gas-insulated switchgear|J]. Journal of
Physics D: Applied Physics,2018,51(15):153001.
wEHEFE X LG K, S AR Bl S g L g
JETHRE IR ERA). s S RERCE HLEEAR ,2019(12): 1-7.
HUANG Qingdan, LIU Jing, ZENG Lian, et al. Review on
calculation methods of critical breakdown electric field
intensity in gases|]J]. Electrical & Energy management
Technology,2019(12):1-7.

BN BB ORI A AR R iR
A ZE L BERSE])]. AR R AR, 2022, 59 (4):65-70.

LI Wentao, SUN Yong, CHEN He, et al. Measurement and
mechanism analysis of oil - impregnated paper bredkdown
voltage[J]. Transformer, 2022 ,59(4):65-70.

RS REMW, AR, . 40.5 KV filsk &R0 S
L. FTRHLER ,2020,56(11):65-70.

ZHU Zhihao, ZHU Yanqing, FAN Qinxiao, et al. Electric
field analysis and insulation structure optimization of the
contact box for 40.5 kV air insulated switchgear[J]. High
Voltage Apparatus,2020,56(11):65-70.

ZELLM, TR X E AR 40.5 KV iRy o 2K [ B
HE L 53 B 5 45 M DA (D). 95 J HL % L 2020, 56(10) -
18-22.

LI Hongmei, WANG Zhichuan, LIU Yuchun. Electric field
analysis and structural optimization of 40.5 kV high -
altitude through -wall solid - insulation - embedded poles|J].



.56.

2024412 A

Eudz

BB ]

[27]

(28]

[29]

[31]

(32]

High Voltage Apparatus,2020,56(10):18-22.

FHRIA, 230, £ 8, % A RIIReM L% T
TG T EXT ). W ELRY, 2021,57(4): 105111
YIN Haoyang, LI Wendong, WANG Chao, et al. Compari-
son of electric field optimization method in the design of di-
electric functional gradient insulator{J]. High Voltage Appa-
ratus,2021,57(4):105-111.

FATMG, DT, 20 L R R TS B
W0 26 114 4 2 1 K N S VEBIEFE (D], LI S5 X 36, 2022, 59
(5):116-122.

WU Junpeng, TANG Shaobo, LI Xianglei, et al. Research
on an improved insulator detection algorithm based on
convolutionalneural network[]J]. Electrical Measurement &
Instrumentation, 2022 ,59(5): 116-122.

FFLE LA £ 100 kV HIR SR ER A0
WA A T, AR ,2020,21(4):71-75.

NIU Wanyu, ZHOU Hong, LI Min. Design of outdoor side
outer insulation length of £1 100 kV DC wall bushing[J].
Electrical Engineering,2020,21(4):71-75.

s, B SCARIR P iR ARE A 4 2% Rl i K e
A BAR BT E)). AR SR, 2022, 59 (5):43-51.

ZENG Zhongwei, KANG Jiyi. Development law and identifi-
cation method of pd of oil-impregnated paper bushing in-
sulation at low temperature|J]. Transformer, 2022, 59(5):
43-51.

Bk E R, TETE AR 10 KV TR ER BRI
G R AR ARALT]. B R AR (T RW) , 2021,
43(2):191-196.

LUO Zhifeng, CAO Xian, WANG Boyong, et al. Surface
field strength calculation and structure optimization of the
inner wall of bushing for 10 kV switchgear[J]. Journal of
Nanchang University(Engineering & Technology), 2021, 43
(2):191-196.

WBTE R I, TR O, A BT R A3 L LA
W SR B R R T R ESE )] AR RS , 2023, 60(9):
61-64.

YANG Xiqing, PAN Zhicheng, ZHANG Jinyin, et al.Re-
search on partial discharge location method of DC wall
bushing based on partial discharge transfer ratio[J|. Trans-

former,2023,60(9):61-64.

[33] & T, TAR A8 it i i a6 () B0 37 107 FH B 133 56 e ()],

[34] BATELE, BELT i, X

135

136

[37

|

—_

—

MM BT R, 2020,35(9): 172-174.

NIE Weibing. Field application and calculation verification
of power frequency AC voltage resistance test[J]. Mechani-
cal Management and Development,2020,35(9): 172-174.
7K, S5 AR T s IR S S M
3 36 B 1 43 B 5 AT D). AR RS, 2023, 60(5)
42-47.

YANG Zaibao, LIANG Hongsheng, LIU Yong, et al.
Analysis and judgment of failure of AC external pressure
test on valve side of converter transformer|J]. Transformer,
2023,60(5):42-47.

PR AR T IR IR N A Sk R B A A 5 F
RN BHRIHT S R L 2020(12): 77-78.

LI Zhiyong, ZHOU Hua. On the switch cabinet internal
insulation defect detection and research[J]. Technology
Innovation and Application,2020(12):77-78.

M RTEHE N D, ST R R R U I
AR H ) Ty A AE(D]. L 54, 2023, 60(8) :
85-91.

GUO Zhiwei, XU Zitao, LIU Bo, et al.Research on switch-
gear fault judgment method based on optimal feature quanti-
ty selection[J]. Electrical Measurement & Instrumentation,
2023,60(8):85-91.

N AR, IR R T B R G AT S 54 B
[J1. A% 3h A 31k, 2021,43(1): 13-16.

SUN Biao. Design and electric field analysis of high
pollution bushing insulation structure at high altitude[J].

Electric Drive Automation,2021,43(1): 13-16.

R FH(1974—), & WL HAR, FENFALFR B

AT A e AT A M) g A ] | e A ) R P T 5
FAR G 5 (E-mail : ztulipwork@139.com) .

BRAA(1995—), %, MEHF 7 A, T BNFHEL ZI

FAA BAT B

ZEHNITI—), B, BB LR, T ENFHELEF

H— R (1963—), &, HIL A H A TALNT, BT R4

EOS TR N T e





