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Fig.2 GIL simulation model
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Fig.5 Electric potential distribution over insulator surface
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Fig.8 Characteristics of electric field distribution
over insulators surface
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Fig.9 Electric field distribution over insulator surface at
different moments after voltage polarity reversal
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Fig.10 GIL model with metal particle attachment
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insulator surface with particles attachment
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Fig.12 Electric field distribution over insulator surface
with particles of different semidiameter attachment
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Table 2 Effect of particle size on electric field strength
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Table 3 Metal particle shape and size
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electric field strength over insulator surface

HT P 13 m] 0, floRE I AR AR 25 T 200 4 2% 1



203 JRICIE 55 )R ORI F GIL 2248 2% 1 HLA 52

T A B R . SERIE ORI L, g
FRJEAORE . 2 IE WKL 4 1 1 48 2% 2% THI H 3 ™ F ey
A LAY UKL A ], FL 37 5 B KB R 57.2
kV/mm, HL 3 A8 B 35 K F BRIE SORL B 25 175 0L

LA 275 T2 SOk Ry 1), B A T = eh A ) AR SR A0
], & 2% -3¢ 10 FL A0 B A K fE i 25.3 kV/mm 3
% 33.6 kV/mm, H0E N 32.819%; L& IEMHORLR & 7 X
FH A8 1) A8 SR G 1), FEL 3 0 B B KAELH 47.9 kV/mm
B 57.2 kV/mm, ¥ 0E N 19.42%. kL i & 7 X
ANTE), 44 25~ 2 T L 375 A O ), g
7 2 S N 7 L S AR, 48 2% T TN 4% K
I AR O B T AR & T R T FL 4y
ATAT N, TR RS Gh i B B, BHORE B oK iy
TETERE R L3 2%, B35 6 B Y 400 2% 1 32 T H 350 A
WA ST, (] o v g e A R ™

MG GB/T 5593—2015, #0484 1 (95% Ak
PR ) H T %58 Epc 4 18 kV/mm. AH LT3k
TEARRL, b 3R TEARASHE I () 25 S T S 4 Ok 5 350
o 5% 3 1H FEL 0 B B KA I Epe, 5148 %%
R L P AR, R OK T 46 % N 4R
W, WU B GIL %418 17 .
3.3 TRt EME

GIL BT 46 2% 7™ i . M1 394 1] RERY & 4
J& WOk, I HLBENL 73 A AE R R B, DR A L 223
SRR B O B XTI R . SRR 1S mm 4R
TR Ry 151, AF 5 SO B 5 07 8 6] 246 2% 7 3% 1 L 35 97

SR, W3 4 FR o
R4 RIS G E X I

Table 4 Effect of attachment

position on electric field A7 kKV/mm

e 1 T [T ] T

E\ax E\x E, E,
FHBHX 64215 67412 16159 17403
PHEIX 54618 57983 15059  1.6714
fRHHIX 44197 46709 14021 15178

H12¢ 4 )0, SORE R A 07 BN TR], 46 2% 7 31
FL I AR R B AP AR A 22 57

(1) TR B 5 6 A ) R 38 DX, 10T Ak 1 AR o
T FRL I W A B S R T, TR B A SO X 4
G PERE RS 5N T

(2) TORL BN 25 76 A ) L 34X, 4 2% 1 3¢ i
YW A AR AR AR 25 5 L B X 3 A
JE SRR, v A X I A X 3 e A AR AR X
BN,

214 45 T SIORE B 7 AN [R] B, S 1 fish ) 4 2%

TR B SAANTR] . OREIN 5 I 46 % 13 i
SN SRS T SR 7R i 0B SN U] 6 TSP N o € A )
A 07 B I Y SABOR, P ARy, 51 R Y P 7 W A
BN

7/
180 | / (kV-mm™)
6.7
160 | .
\
140 6.3
,_?4 120 ¢ \
= 5.9
3100}
80| 55
60 5.1
- - 4.7
6 8

1.0 1.2 1.4 1.6 1.8
th /107 mm™
B 14 @s%TiERBEENE BRI

Fig.14 Effect of insulator curvature and potential on
electric field distortion of metal particles
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Fig.16 Effect of insulator curvature on the electric
field distribution over insulator surface
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Fig.17 Schematic of particle aggregation
over insulator surface
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Fig.18 Effect of particle aggregation on the electric
field distribution over insulator surface
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Fig.19 Effect of polarity reversal on the electric field
distribution over insulator surface
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Effect of metal particles on the electric field in DC GIL basin insulator

WEI Yuanlong', HE Baina', CUI Rongxi’, DAI Weihan', ZHANG Dongjin', WANG Shuo'
(1. College of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255000, China; 2. State Grid
Shandong Electric Power Company Rizhao Power Supply Company, Rizhao 276826, China)
Abstract: Aiming at the safety threat posed by metal particle contamination inside DC gas-insulated transmission line (GIL),
where metal particles tend to adhere to the surface of basin insulators, a simulation model reflecting the actual operating
conditions in DC GIL is established, and the impact mechanism of metal particles on the insulator's surface electric field is
analyzed. In this paper, the millimeter-sized particle is selected, and the effect of various factors, such as particle size, shape,
attachment location, and the aggregation of multiple particles, is researched on the electric field distribution of basin insulators.
The findings indicate that the safety threshold of the insulator surface electric field strength is exceeded with a single metal
particle adhesion defect. There is a boundary-diminishing effect of particle size on electric field distortion. The potential and
curvature of particle attachment location are positively correlated with the degree of electric field distortion on the insulator
surface. Furthermore, when particles are irregularly shaped, such as conical or linear, or when multiple particles aggregate
longitudinally, there is a significant increase in the degree of electric field distortion on the insulator surface. The electric field
distortion near the particles becomes more severe under the condition of voltage polarity reversal.
Keywords: gas-insulated transmission line (GIL); metal particle; basin insulator; millimeter-sized particle; electric field

distortion; voltage polarity reversal
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