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Experimental Study on Surface Electric Field Distribution
Characteristics and Flashover Voltage of
Bushing Insulator at High Altitude
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(1. State Grid Chongqing Electric Power Company Chongqing Electric Power Research Institute,
Chongqing 401123, China; 2. Xi'an Jiaotong University, Xi'an 710049, China; 3. School of electrical and
electronic engineering, Chongqing University of technology, Chongqing 400054, China)

Abstract: Firstly, the actual flashover test of large fittings-composite insulator-metal grounding body was carried
out in the laboratory environment, the quantitative relationship curve between flashover voltage and space net
distance was obtained. Further more, the three-dimensional finite element models of two typical structure of high
voltage bushing composite insulators for capacitive core converter transformer and double-layer metal shield
through wall were established, and their distribution characteristics of typical voltage and electric field under
operating state were obtained, the relationships between local high field strength and corona, flashover phenomena
of composite insulators for bushing were analyzed. On the basis of the above theoretical analysis and test data, the
size altitude correction and umbrella skirt contour topology optimization of composite insulator for UHV AC/DC
bushing were carried out. Finally, all the electric field strength of key parts can meet the control requirements,
which proves that the rationality and effectiveness of the design of composite insulator for bushing at UHV level.
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Fig.1 The air gap test arrangement
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Fig.2 Test results on-site

B2 T LA BT A5 20 AN 0 e 78 8 A 2K A
bR B A B G A o A, BN R AR IR O T
B0 &5 AT SRR, R N 50% B I TN 45 FL
JE2)792 105 kV, A s i LU AR, BT L 50%
DA 285 W A R S s TN 26 F e B A — i 1 B A

M5 T 45 3L, 3t — 015 B +1% B {5 X 5
+3% B A5 X NI L5 0, B 3 fros . MEI3 AT
T, 7SR B A 268 R R 3 A2 B AT ZR 2 A TE+1% Al
+3% BEAG X [ N 35 2R IF LG8 R, ik
6 B s B A B ] S
12 HEEEERATSLEARETFAKRE

ERREHNESEEERSOE 4% T
BEAT N RS, KA E B 4 s . HhEEH =



90

@Rt 2022,55(5)

N4 M2 /%
w s &

2095 2105 2115 2125
VA HL R /kV

(a)+1% A5 X 1]

e mmi ”
95 —mAH#
75
é

gsa
%
X10-
5<
°
2130 2140 2150 2160
VA HEL R /kV
(b)+3% B A5 X /8]
3 AEEFEXEIRIEER

Fig.3 Test results under different deviation tolerance
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Fig.4 Flashover arangement site of hollow insulator
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Tab.1 Comparison of insulation level and insulation distance of bushing with different voltage level
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Fig.5 Relationship between flashover voltage and

insulation distance of hollow composite insulator in the air
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Tab.2 Quantitative fitting parameters between
flashover voltage and insulation distance of

hollow composite insulator in the air
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Fig.6 The outline of reactor bushing insulator
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Fig.7 Electric field distribution around high

voltage end of insulator strings
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Fig.8 Electric field distribution along insulator strings

22 HEEEEERBGTIHRMIERE
NS EEEGHG TINS5 E5 2

e BR A 3 8 8 IR B AR ST H S 6% 1 RO HL R
AT TIAN, B A R AR DR R VR BT
HH 2 55 O B 45 A P 5 A R e D 2 R Y 3 s T
A R L AN AR T R A 5 R )
LSO AR e 5 R A 5 N 2% . -9 A EE
B ¥ s BRI 22 A AN R 45 f A K T B R I L 3
PAit

kV/mm kV/mm
= 0.335 - ()
=0.670 =0.255
| =4l
2.010 0.935
:2.345 1.190
G Lot
=3.685 =1.78%
4356 2.040
4.690 2.295
5.193 2.465
5.528 2.720
Bt
26365 | 1 =3:400
(a) ¥k (b) XU 44 Js
k(Y/mm kV/mm
£0.233 E01s
£0.465 =03
=0.620 H] 8:43
=0.852 =066
=1.085 =0.84
£1240 =096
=1.473 =114
=1.628 =126
= 1.860 =144
£2.093 16
2248 g17
=2.480 =192
st
23160 £3%5

(QEZZS0pia: (d)3 R AU i B
9 EENMESNENRAAKREIANH
Fig.9 The structure of high voltage bushing corona

ring and electric field distribution
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Fig.10 Umbrella structure of composite

insulator for UHV converter bushing

HE 10 AT A, Wt R G4 T4 b
PR /N A 14 4 TC L B B O 152 mm, K <= [E] B R 55
mm , K <= G R AH A1 K <P [R) BE 1 LR A D 0.91, AR 4
GrMerm s L A a5

L. =nv+h (3)
Y RN H R v S — 2 KN 3
AR BE B, mms o N2 DR A A G T ISR,
mm. JF = R AR B A I N AFRICHLEE B L, 7]
AR5
L,=.xU %k, 4
KO 2 A E /N ARICH LR ; U, 5% 8
HLER sk, N EAE R

BT 45 R i R B 4 2 1 XI5 8 4%
ik B L%, ARG GB/T 5582— 1993 (1 [k HL fy % 4%
AN G5 RO S ) TR R S 4 5 T FRL B R ) % R 9%
%, B A BUME N 25 kV/mm; #2 I8 IEC/TS 60815-
2001475 G 26 F F o R 46 2% 1 1A SR % A0 R~ 3k e )
FR TP E A KT 500 mm (4841, 75 X E
HL PR B R4 1.2 B IR,

AR 30 (O TH 543 3 e i A2 =58 (10 /N A FRTE
HLPE 25 L O 24 000 mm, £ R 25 44 H HL— 22 4 f
FE, BR L,KT 26 630 mm, BRI 78 ¥ A SR
136 2H R /N4, D) 2% 00 B2 6 408 25 1 1) 466 5 BB 285 7 AN
/INF 5958 mm. AR A 0 B A LG TG S
FHEAE | B 205 F 46 2 5 FE W 1h N 7 490 mm, K 4=
AhE R 835 mm, NARAME N 803 mm, H A5 0 &4
% TN AR08 687 mm, H 45 KR & & 11

TRl A 5 KR G T U I AL 2 AT S A 4 G A 93
FoR .
. B e
0000 000000 1
D SRR
‘ B :mm

Bl #HeERREEETLERBRETEN
Fig.11 Hollow composite insulator structure for UHV

converter bushing
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Fig.12 Field strength distribution on inner and
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outer surface of hollow composite insulator
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