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Insulation Analysis Method by Using Non-equilibrium Plasma at Low Temperature

XU Qiyou', LIU Fengyong', TAN Dongxian®
(1. Schneider Electric (China) Co.,Ltd., Shanghai 200062, China; 2. School of Electrical Engineering, Shanghai Jiao Tong
University , Shanghai 200030, China)

Abstract: In the current product insulation design, the design is generally judged to be reasonable by solving the
electric field and electric field analysis. The reality is that when the electric field analysis results of a product design
are less than the corresponding allowable field strength, insulation discharge may occur, and many parts of the prod-
uct are under over-design condition. A method based on Thomson gas discharge theory and plasma is proposed. The

discharge path can be calculated and analyzed more effectively and clearly. On this basis, the product can be opti-

mized more pertinently.
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Fig. 1 Electron neutral scattering cross section of argon
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Table1 Expression of main body chemical reaction of argon

._.
S

S YNV Al AsgleV
1 e+Ar=>e+Ar S 0.00
2 etAr=>e+Ars Mk 11.50
3 e+Ars=>e+Ar E -11.50
4 e+Ar=>2e+Ar+ Bk 15.80
5 e+Ars=>2e+Ar+ Bk 4.24
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Table 2 Expression of bulk chemical reaction

without electron

A ANy B sSi| AgleV
6 Ars+Ars=>e+Ar+Ar+ Penning Hi, & —
7 Ars+Ar=>Ar+Ar JEK -
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Table 3 Expression of surface chemical reaction

SN 2N Y
1 Ars=>Ar 1
2 Ar+=>Ar 1
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Fig. 2 Reduced electron mobility in argon
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Fig.3 Reduced electron diffusion coefficient of argon
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Table 4 Simplified single ionization reaction of argon
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Table 5 Electrode surface chemical reaction
and parameters
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LIRS IO B A RT LA S BE ) SROR 4
E o e TR B R TR RN AR A b BT R
R IR E ] 10
VIR AU B BRI UG v O LA G
- T REM 5 T, h T AL TR R A
JIt LA AR B E AR TR B 1x10" 1/m*BITAT
43 MEXIS
HT T 85 B AR DX A A (] i R T
BEE T LUR X 5 A M B , 4 S IR T
RS UL 8.
[ ], 26 B8 A 5 2 4 E | v A A5 [ 1 5k T 4
R, S AE 5 IE | SORL T RO B AR R)E o
JE AR AR Y, A T B, BT




NIy N Fe )
SRR IRRARICI T X VPR XURTS , BARBL. R 0050 T T A8
B T —HIE T <13 -

BRI B Jey B RS (B 1), ] LARH R 3 e
i SR FRATTAL , RIS DX [ Al T L S ) 8 s o
IO P B K HL 4508 B2 R 2.360 5%107/m’ . TR T
I SECEAT XL TR R4

8 Mg
Fig.8 Mesh
AE At LU AN, AN B S5 i IR, 5 2
o7 B A % ) 20 5 = DA% (161 9) BEAT I DX 32 2
A A NSk /N ——

B 11 BARMERFEERE
Fig. 11 Plot of electron density around cathode
P VL EE 2 1] Dy L UL % E oA BT TR R T LA
. 7 T3P R IR U 48 Y B AR TR AR IS T LA 225
4% RHEAT P BRI o MRS B R U 2 BT L

AV > 7

1 12, P 12 F R B 3 BT L LA RREE
350 MI:X%TZ
340
330
0 320F 20
Q7N AK—A— 310f
: - ~ 300 15
B9 HREME £ 290¢
Fig. 9 Boundary layers mesh s ;38: 10
44 FEZRSH 260}
TESE FRRITE PR | Do 1 S 4 B T U R T ) s
X 1 25 PRI 2] M,
LT3 3 25 P Ay F T A [ WP P T L) 2O T O T
I I YA R o L e R i VAR T et E12 BRHERRZESE
PEALOL A A0 B AT O ) o RS B G N 1Y) H - % Fig. 12 Plot of current density around cathode
=L 10,
R 1/ 5 it
S0 x10°
0t o LTI HLAR 17 2 R WU U5 R
330 08 LR 5 BB 0T BT IR AL . IRIRAL IS 1Y
2% 07 R AT 0 105 5 Ok 0 (7 205 S HEAT X 1L Bk
ggg e DAk A AUR | T8 R RE I 5 bR ik 30 WU L A 2
> 250 o TR O BT A RS TRE T, BT
150f 03 i BT B T AL 07 B AR e A R T L
sof 02 SRR DA L T/ I ], 35 232 A
s 01 5.0 FERAEEAL
150l TE R BER T | AR e 2 B 5 IR 9D
Xfmm ST 1 A0 40 6 A L (1 o Ao BB XM 7 AT
E10 BRYEE=HE Wb A L R A 2 ) AT B R

Fig. 10 Plot of electron density ﬁl}’ﬂﬁ)ﬁ E/‘]erl’lfm, %13



<14 - 20204F 11 A

Eudz

Fseds 11y

1 1

13 fRHiEitE
Fig. 13 Optimized design

52 IEIHTE&ER

HL 9% 3 o P B B A7 ey e R BT L] 14
M 14 R R DA 3, 7R AL E JC HL fer R AR [ i
e KL FHUR FEFRAIE N 1.648 8x10"/m’, M55tk
N OO AR AT B R DA IS 0SS R R g XL
R IR .

E14 RAEHARMEEFZEERE
Fig. 14 Plot of electron density around cathode
after optimized
I = L 1S, B E R B e T i
2 107, AIEL 15 ] DL 3] A it 25 B2 AT, ) isf o
UL 268 JBE T 70 A1 A 2 TR B A R ) g L, T A

e —R , R B XUBS: AT — 2 O AR o
420 ”i IOA‘/ '
400 18
380} 16
360} 14
) 12

E 300 i
= 8
280
2601 6
240t 4
220f 2
200f 0
0 100 150 200

X/mm
B 15 RUEHBRMHEBERZEERE
Fig. 15 Plot of current density around cathode

after optimized

53 iXIwIIE

MR UL 5 07 BLAE 2R i T i 1 RE 4 =2 i
AR BT 5 5 52 bRl kgl SRt L Z w1t
S ER 28 J ULIE 16,

Jeit
ot K Ep
28 20 118
el
ot HK Ay
36 36 125

E 16 MRLHETEEMERITLL
Fig. 16 Comparison of measured results before and
after optimization
BB R RIS A BOR R $ T, A 3
BV EESR o AT 38 o 45 B 7 4 il v 45 L U vk T LA
XF 7 i B EAT AL L 8 WAL Y 5 1w 4 v
Ry

6 it

i o 3 T SO B &, 5K IR AR
Sl A5 B T UACERE KR B A BT AR R T L
AP H HE far 23R ST RN R AR . AR T
N GPR b T 7 S A TR Y 4
R

HRAE 2 BT, v LIAS SR R A DG R R

1)L ff SRR AL mT DA 30 7 A B A0 < 4
A7, LT B AR R, B far RARAE DL AL . s

S BT 2R X R TR A B BT, S
ST H A7 4 R SE AL

2V AR o LI P 2 R P R B AR S
T 235 5 1 T8 HL B AR S8 W) N i o ik
17 HH 5 ik L B AR F 98 LA — m%%%%lﬂuﬁ
FHOCBEH At VA AR

FEAS A LY A R R I L 0T AR AT B X 1
& 75 P N7 V55 A/ AR b R R R E%M%i
BRAT DA — 6753 < T B v A R 7R [ A
%E%ﬁﬁﬁﬁuﬁ%ﬁ%ﬁ%ﬁﬁhiﬁwﬂ
PE RO L R A AT 0 HL A A A T B A B A A
AT S N 28 L R . ZE RN P — — 2Kk

W7 R — BT BRI Y 48 2 0 7 1%, R T ]
AR, B AT T A R R SEPRI . B
J75 ] BB AFAE — 22 19 Jm) BRPE AT 3 B0 AIE 5 ] LA
SE 2 M 1 — AR A R SRR AR )

SEHK:

[1] ™ B, RpEE, & R A E AR M), dba . E
Rttt , 2015.



MR R I LT
B LM — e

VAL, XU, WAL R IR AR M4 o IR T 46 B A7 vk

<15 -

YAN Zhang,ZHU Deheng. High voltage insulation technol-
ogy[M]. Beijing: China Power Press,2015.

M SR, B JT/NR AR 750 kV A BHEAME G R
PRI FIY[)]. B 2 7,2019,47(10): 70-76.

SHI Rong, HUO Feng, WAN Xiaodong, et al.Experimental
research on external insulation of composite cross-arm for
750 kV transmission line[J]. Smart Power, 2019, 47(10):
70-76.

OBk M A SR NI E Ty 2T HL R 4
G WA RALPEST )], B RGO P 5 52, 2020, 48
(3):130-137.

YUAN Chao, XUE Yongduan, MEI Rui, et al.Sensitivity
analysis of insulation monitoring of distribution network un-
der different grounding modes|J]. Power System Protection
and Control,2020,48(3):130-137.

Ay R B R, ThfE R PR AR R 2R S Y I L
LA ZR BT R ORI R[], B R T, 2020, 48(5) :
106-110.

YU Sheng, LIANG Hui, MA Hengrui.Lightning insulation
failure probability calculation of distribution line consider-
ing environmental factors[J]. Smart Power, 2020, 48(5):
106-110.

&Kk VR, 2B, S 110 kV Z R S Rk
PERE I 3 5 A5 S 3 M ). T AR HL 0, 2017, 30(12) :
119-123.

YU Xin, ZHANG Tao, PENG Xiangyang, et al. Physical
and chemical property test on insulation of 110 kV dam-
aged cable and analysis on its thermal history|J]. Guang-
dong Electric Power,2017,30(12):119-123.

LA LS B0 6,55, 1100 kV GIS 154 3 [l e
GBS EME I EMRD) B RGR 5%
il ,2018,46(3): 103-109.

REN Jingguo, GU Chao, SHI Wei, et al.Research on
evaluation method of electric parameters of 1 100 kV GIS
main circuit insulation test[J]. Power System Protection and
Control,2018,46(3):103-109.

TN, A2, 2 3, S ARIRPAEE T U R LR
AR EOL LS B0 R 0 AT S T SED]. R HLER , 2020, 56
(5):135-142.

WANG Chuanchuan, BAI Shijun, LI Yi, et al.Analysis and
research on laser power supply condition of electronic
current transformer under low temperature environment[J].
High Voltage Apparatus,2020,56(5): 135-142.

[ SN e e 5 iRl 1] e (2 SN S it )
G ESE[)). B J7,2019,47(11): 110-114.

SHANG Hao, LU Wei, WANG Xuezong.Statistical method

of crucial parameters for air gap insulation test[J]. Smart

Power,2019,47(11): 110-114.

(9] EZJE, 4 PRI, AR T REAR K B T A
PEAR LR TE (). R TR FL 2R, 2019, 55(3): 103-108.
WANG Hongxu, LI Yuan, LIN Haiquan, et al.Study on
change regularity of DC breakdown characteristics of sili-
cone rubber at low temperature[J]. High Voltage Apparatus,
2019,55(3):103-108.

[10] ZE4 M0, ZM64E 5K L, 45 AR/UK SDBD 4588 F iR A R

TERSHGE M. = R HAR,2019,55(3):71-77.
LI Jinlong, LI Xiugian, ZHANG Zheng, et al.Influence of
geometrical parameter of SDBD on plasma body force in
low pressure air[J]. High Voltage Apparatus, 2019, 55(3):
71-717.

(1] L %, EREE, DuRyE, 55 558 TR X PR iR

oA 2 T H T B SRR PR A SE [T, ) AR, 2018, 31
(8):161-166.
KONG Fei, WANG Sitao, MA Yiyang, et al. Influence of
plasma surface modification on dynamic characteristics of
surface charge of epoxy resin materials[J].
Electric Power,2018,31(8):161-166.

[12] JHREsE, 2 I, 52 Ok, 45 I T SRR S S REAR
S IR SEIAL) . =5 FRHLER,2019,55(3): 122-126.
XING Zhaoliang, LI Yuan, PENG Bo, et al.Effect of the con-

tent of aluminum hydroxide on the flashover characteristics

Guangdong

of silicone rubber under low temperature[J]. High Voltage
Apparatus,2019,55(3): 122-126.

[13] HAGELAAR G JM,PITCHFORD L C. Solving the Boltzmann
equation to obtain electron transport coefficients and rate co-
efficients for fluid models[]J]. Plasma Sources Science and
Technology,2005(14):722-733.

[14] PAHL A. Thermodynamic equilibrium of plasmas[DB/OL].

2020 - 05 - 1 1.www.comsol.com/blogs © COMSOL. 1998—

2016.

LITTMARCK S, SAEIDI F. Plasma Module user’ s guide

[DB/OL]. 2020-05-11.www.comsol.com © COMSOL. 1998—

2016.

[15

—

HFBA(1983—), B, TR, LB R T @A S BIEL
% Fo KB | F BT XK (E-mail : 383099229@qq.com).

xR F(1974—), B, TAIF , AF P & EZ LRI KR
Bkt REAT T M R R R,

HAI(976—), B, LF W+, HR IR, TEHR
AR A W AR A R M AT 5 T B R
%% Skt b K0T SRR A AR T S MR,
B,



