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Effect of Bouncing Metal Particles on Charge Accumulation on
Disc Insulator Surface at Different Temperatures

ZHAO Huicun, GAO Yu, WANG Wenqu, WANG Huan, YUAN Xiaochen
(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Metal particles in gas insulated metal enclosed switchgear (GIS) and gas insulated enclosed
transmission line (GIL) can bounce near the insulator under the electric field, which intensifies the charge
accumulation and may cause surface flashover in serious cases. In this paper, a 126 kV real size disc insulator was
selected as the test sample. A sealed chamber and coaxial structure electrodes were designed, and the effects of
bouncing metal particles on the surface charge accumulation behaviors of insulator at different temperatures (23,
40 and 60°C) were studied by using Kelvin electrostatic probe. The results show that the charge accumulation on
the nonplanar region is closely related to the motion mode of metal particles at room temperature. And the charge
accumulation on the insulator surface is positively correlated with the temperature. As the temperature rise to 60°C,
the metal particles moving to the vertical surface of the ground electrode are easy to cause surface flashover, and a
large number of heteropolar charges would be accumulated on the non-plane region in the same radial direction as
the flashover.
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Fig.1 Picture of the test insulator
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Fig.2 Schematic diagram of insulator and electrode
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Fig. 3 Structure of metal particle splashing and

surface charge scanning system
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Fig.4 The picture and the size of linear metal particle
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Fig.5 Typical trajectories of metal particles in

motion mode 1
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Fig.6 Typical trajectories of metal particles in

motion mode 2

22 HEEBRkREERERENIY

BT E N 23°CH, iz gl 1a T 3Bk 48
THCRE T 2% TH] LA FRUSR AR [ e il (1 7 Bl . MU
7R DL 4 Ok A e R A Bk VR B4 % TR
TH] J& » 751 1H] X R EF T X 58 Ak 25 3 A 77 1)
W R B T K Z1270° , f 48 40 21 F T T U
P B AT A, B R OK FR AT N 4.8 pC/mm?’s
U A P47 7 B 408 4 e RO PR AU, G e T A A
3 A CE R P ) AR ST TH DX, 7 FRL A A 9 AT 7E B2
HMI - TH X

Xf T 12 B8 a0 1b w1 4R ok, S 56 R I
Ha A AR SR U B R

ZahE R Lo N, 48 SORL X 2 THT H A 2 AT 1 5
i 4 P 8 fir s . MBI 8 AT LUE i, TE 48 4% 1~ i
DX AR T B S 1) I H A B, HRL A7 B 5 4 B AR I 4%
F Lk A7 B R 98 o b H A 9 A AR R — AN AR 5 A
b, B K H R 5 FE O 37.2 pC/mm?, HA 47 5 e KT
IZ BN 1, 1 7] B FH 22 PR FEAR T 5 20

s 1d T, BBk 48 SIORL X 2 THI L4720 A



@GR 2022,55(10) AR5 o AN R T b i R R X (B8 48 48 % T 4 T HL A A SR P B 43
L4 5 8/ (pC/mm?) I T 7R s B S P T B

7 EBEEX IRFRARET S

Fig.7 Surface charge distribution of motion mode 1a

1,77 2 & /(pC/mm?)

EJm_
kL

n% -15

8 EERMERX Ic THREBRFTHH

Fig. 8 Surface charge distribution in of motion mode 1¢

RN 9 o . AN O R DA HY 5 < SORE A
b LR S 59 L W A% T RS B AR I X, I
H AR 0SSR B A AR AL I R 8 1 —
BRBRR o R4S 1 AR OO M HEL AT 4 5 B KR
THI FELART 25 B2 13.7 pC/mm?, HLJ2: 1F FEL4af 4 23 A1 14 T
RULE A7 R ar 7 Ko E BT WL, T FL A AT 3 AT 7E
LR S U AR AN T XURR 2 R el R A TR R
DX R 1328 (K PN 5 i B AROAE £ A1 T X R B 2 5
2 1k AT AR SR (ELAS 2 B RO M fL A o
XTI B Te s 1F [ 6 8 okL , SE36 b ok K

177 2% & /(pC/mm?)
8

E9 EmER 1d THEREBRETSH

Fig.9 Surface charge distribution of motion mode 1d
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Fig.10 Surface charge distribution of motion mode 1g
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Fig.11 Surface charge distribution of motion mode 2a
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Fig.12 Surface charge distribution in

experimental group B
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Fig.13 Surface charge distribution of

motion mode 1a at 40°C
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Fig.15 Surface charge distribution of motion mode 2a

(metal particle rolling at the junction) at 40°C
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Fig.18 Radial average surface charge distribution of

insulator at different temperatures
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