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Kinetic characteristic analysis of spherical metal particles in DC GIL

DAI Feng', CHEN Xuan', WANG Lixian*, CHE Kai ', ZHU Chao', MA Hongzhong®

(1. Maintenance Branch of State Grid Jiangsu Electric Power Co. ,Ltd. ,Nanjing 211000, China;

2. College of Energy and Electrical Engineering, Hohai University, Nanjing 211000, China)

Abstract: In order to solve the problem that serious insulation fault caused by free pulsation of spherical metal particles
in GIL, an experimental platform proportional shrunken according to GIL device is set up on the basis of analyzing the
force of metal particles. The movement locus of metal particle and jumping field are filmed and recorded. The gener-
ality of the experimental results is guaranteed through multiple repetitive experiments. The results indicate that the
particle jumping field is determined by the radius of the particles while the material is fixed. The gas pressure and the
voltage polarity almost have no effect to the jumping field. The jumping field intensity decreases gradually with the
increase of the quantity of neighboring particles. The pseudo resonance phenomena and firefly phenomena may appear
when spherical particle moves in DC GIL. The probability of firefly phenomena increases with the increasing particle
radius. The jump rate of the particles near the insulator is faster than that of the particles in the middle of the high
voltage conductor. Multiple particles will cause the time-divided jumping phenomena and the movement locus is basi-
cally similar to the single particle.
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Figure 1 Mechanical model of metal particle
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Figure 2 Experiment platform of particle motion
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Figure 3 Physical drawing of equipment
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Figure 4 Electric field distribution in cavity
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Figure 5 Particle motion diagram
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Figure 6 Simulation results of the spherical particle
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Figure 8 Effect of gas pressure on the jumping field
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Figure 9 Effect of particle quantity on the jumping field
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Figure 10 Effect of voltage polarity on the jumping field
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Figure 11 Movement locus of the spherical particle

2) T PR T

A AT HL R Ry TR P TR B A RS R
B ER T R 132 Sl an 11 Co) s . R Y iz
Bl 03T L IE AR P AR AL, B 2 v Bk Bl O 5 4 2 ik
1 )5 1] 55 ¥ 3738 2y 5 38 3l 0 TR] A] R B O i AR 31
G0 LG8 A b M R R AR AE sl i R A (B
IURRTE R, TR A2 8, B R
PG BRI R . O 1) 90 B 437 AR A4 2% T B ST
i, 32 S L 11 (d) L B0k Bk 5 37 B 1) 46 2% 1
1z 31, UK e A Bk B R P, 5 4 2 1 i S A A AR
132 3h AR 1 K

3) 2R,

AR N A AE 2 A4 BROE UKL B, 23 H B3 A 5
LA 5 A Bk o At R ] o A Bk 1 3 B A BRI 4 L
A 1 R A kA0 e 37 B AN 4 B i) 3 s B B 4 1
Az ZABROE OB G 3% 32 3 Lt 5 B4 B0k Y 32
Bl AL,

4 45iE

D) 78 Jf P RS R 28 2% 9 T W 11 DL T BROE
UKL EC Bk 37 50 1) B 18 {0 0 T B0 5 A KR A L 0K 1
AR R Bk RO, R T R R T A X
A Bk 37 58 JLF- A R R L B 25 0RO 1 3 L Bk
556 72 W AR

2) BRI UKL AE B3 GIL B ik P4 32 3l i n] R i
B A PR B M L g G R A AR Az 3l i TR B
L7 RO, RE IR AR A sy . SR
o 2 1) URE S Bk JEE LU AR o T S A o I R
e GO E FL RS TR  0 0 o7 B e 00T 4 % 1, BURL S 48
G ¥ ISR AR A RBK 3 R4 G U T 1Y
R

A Z AR, 23 Y BREASWURE O S 2 Bk
A AR 1] R 76 Bk 1) 73 I 2 Bk B 4 o vl T A R
B HR 07 A 23 5 W o3 IS Bk B R B9 A A 2
RLH) 4 K G2 2y L5 B AN 50K ) 2 2l B3l kAR
AL

SH Wk

LR A G T R TE AT BUR AT ST ], P E R AL AR



B GIL HEkIE 4 I8 JURL iz 3l 7 1 F 58

179

[2]

[3]

Z47,2010,30(4) :112-117.

JIA Zhijie. ZHANG Bin, FAN Jianbin, et al. Study of
charge accumulation along the insulator surface in the
DC GIL[J]. Proceedings of the CSEE, 2010, 30 (4):
112-117,

DAI D D,WANG X P,LONG J C,et al. Feature extrac-
tion of GIS partial discharge signal based on S-transform
and singular value decomposition [ J]. IET Science,
Measurement & Technology,2017,11(2):186-193.
o AR H B IR L TR S5 S 19 GIL #L
PR LT ). B IR S5 HOR 224, 2019, 34 (3) 1 86-
91.

JIANG Long,ZANG Chunyan, HU Xueshen,et al. Re-
search on the diagnosis of GIL mechanical fault by low
frequency vibration signal[ J]. Journal of Electric Power

Science and Technology,2019,34(3) :86-91.

[4] HARA M, MAEDA Y, NAKAGAWA N, et al. DC

[5]

[6]

L7]

(8]

(9]

breakdown voltage characteristics of saturated liquid
helium in the presence of metallic particles[]]. IEEE
Transactions on Dielectrics and Electrical Insulation,
2006,13(3):470-476.

PR, AR, WIET 5. B GIL 2 U4 & 1 i ROk
RRIBB AW A7 R 5 ALE T P Eg
ML F 2 4] ,2020,40(4) : 1387-1397.

LIANG Ruixue, WANG Jian, HU Qi,et al. Study on ki-
netic behavior and adsorption mechanism of the micron
metal dust near the basin-type insulator in DC GIL[]J].
Proceedings of the CSEE,2020,40(4) :1387-1397.

YOU H Y, ZHANG Q G,GUO C, et al. Motion and
discharge characteristics of metal particles existing in
GIS under DC voltage[ J]. IEEE Transactions on Dielec-
trics and Electrical Insulation,2017,24(2) :876-885.
METWALLY I A,A-RAHIM A A. Dynamic analysis of
motion of spherical metallic particles in non-uniform e-
lectric field[J]. IEEE Transactions on Dielectrics and E-
lectrical Insulation,2002,9(2) :282-293.

JRM B B TR 1L, 2L VETO G GIS o i 1 38 1 Y
ML TR SELT ], B R 1 ,2021.,49(12) :37-44,
CHENG Lin, GAO Kun, YIN Shan, et al. Electromag-
netic interference of electronic transformer in GIS by
VFTOLJ]. Smart Power,2021,49(12) :37-44.

WANG Jian, LI Qingming, LI Botao, et al. Motion anal-

ysis of spherical metal particle in AC gas-insulated

[10]

[11]

[12]

[13]

[14]

[15]

lines: random effects and resistance of the SFy/N, mix-
ture[J]. IEEE Transactions on Dielectrics and Electri-
cal Insulation,2016,23(5) :2617-2625.
Foow i BT SR, A T L R A A T
220 kV GIS 24 %+ 2 80k B K I 5 1 052 L) .
L 5 75 T AR R, 2021,37(8) : 32-38,47.
WANG Kesheng,ZHAO Yanping, YUAN Shuai., et al.
The crack defect detection method of 220 kV GIS ba-
sin-type insulators based on electric field calculation
and modal analysis[ J]. Power System and Clean Ener-
2y»2021,37(8):32-38,47.
SAKAI K, TSURU S.ABELLA D L.et al. Conducting
particle motion and particle-initiated breakdown in dc
electric field between diverging conducting plates in at-
mospheric air[ J]. IEEE Transactions on Dielectrics and
Electrical Insulation,1999,6(1):122-130.
HARA M, AKAZAKI M. A method for prediction of
gaseous discharge threshold voltage in the presence of
a conducting particle [ J]. Journal of Electrostatics.,
1997,2(3):223-239.
UL U BRI 45 GIS W 48 Uk AR 2% HL R
¥ 5% i PR 22 [0, vl [ Al (L T AR 22 41, 2017, 37 (1) 1 301-
313.
J1 Hongxing, LI Chengrong, PANG Zhikai,et al. Influ-
ence factors of the lifting voltage of linear particle in
GIS[J]. Proceedings of the CSEE, 2017,37(1):301-
313.
INRKOR, BRI, B, 4. HR GIL R 2 18 4 )8 9
BB RS S EREDTFE (], ML T R 2442, 2016.42(3)
5206-5216.
SUN Qiugin, LUO Chenjiang, WANG Feng, et al.
Jumping characteristics of metal particle on the surface
of DC gas insulated transmission line conductor[]].
Transactions of China electrotechnical society,2018,33
(22):5206-5216.
BRIV, TR S BATHE T GIS B4R |
AT AR S A AT 5 S i LT, Bl 543, 2020, 57
(13):118-125.
MA Feiyue, ZHANG Tao, DING Pei, et al. Research
and application of quick check method for the flying
characteristics of foreign particles in GIS under operat-
ing voltage[J]. Electrical Measurement &. Instrumen-

tation2020, 57(13):118-125.



180 A - T S SR S 4 2022 4F 5 1

[16] TEMbML . AR5 A5 % . 55, (ORI G BE X B RS AR 3850 3 denser[ J]. Soviet Physics-Technical Physicss 1962, 7
HBRR 1 H S E ORI Bl S AL (T, o R (3):268-270.

A ,2018,44(9):2897-2903. [21] LENY R. The electrostatic problem of a portion of
WANG Fochi, CAO Dongliang, YANG Lei, et al. sphere protruding from a plane electrode in an electric
Effect of particle traps on movement of spherical free- field[J]. Journal of Physics A:Mathematical and Gen-
conducting particles in slightly inhomogeneous DC field eral,1981,14(4) ;:945-955.

[J]. High Voltage Engineering, 2018, 44 (9); 2897- [22] kA, JEsik, TAT, 5. GIS FeR4R 3h LB AR L
2903. HLfkis W5 B L], P E L Ty, 2022, 55(3):80-

C17] @i, TR GBRE, 48, B0 GIL P9 4 BORE 98 2353 86.

AHFFELT]. /R H 2% ,2022,58(4) : 32-39. ZHANG Li, QU Bin, WANG Yongning. et al. GIS
GAO Shan,DING Ran,ZHAO Ke,et al. Study on drop shell vibration mechanism and partial discharge optimi-
point distribution of metal particles in DC GIL[]]. zation diagnosis[J]. Electric Power, 2022, 55(3):80-
High Voltage Apparatus,2022,58(4) :32-39. 86.

[18] KHAN Y.OKABE S,SUEHIRO ]J.et al. Proposal for (23] BHYLUE WX A% 23, 55 GIS AR S Hi g T
new particle deactivation methods in GIS[J]. IEEE R EH B SR EORLE 3 Hr LT, b E L TR R,
Transactions on Dielectrics and Electrical Insulation, 2006,26(8):106-110.
2005,12(1):147-157. JIA Jiangbo, TAO Fengbo, YANG Lanjun,et al. Mo-

[19] F5s, B &, Wik, 55, s L-GIL R A& R4 i tion analysis of spherical free conducting particle in
AL A R R 5 ()], S R AL A% . 2021.57(9) : 34-42. non-uniform electric field of GIS under DC voltage[ J].
TANG Liangliang, LYU Jinhuang, TAN Jin, et al. Proceedings of the CSEE,2006,26(8):106-110.

Study on short circuit-current distribution characteris- [24] BB, TOR ZEULVE, 55, LT3R ME 22 200 GIL B 3%

[20]

tics of overhead transmission line-GIL hybrid trans-
mission system[ ] ]. High Voltage Apparatus,2021,57
(9):34-42.

LEBEDEV N N.SKAL’SKAYA I P. Forces acting on

a conducting sphere in the field of a parallel plane con-

WOFRLT ] s RGP 545 2021,49(4) :13-20.

ZHAO Ke,DING Ran, LI Hongtao, et al. Research on
GIL fault identification based on thermal characteristic
differencel J]. Power System Protection and Control,

2021,49(4) :13-20.



