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Study of Surface Electric Field Distribution of Railway Coach Roof Insulator
Under Wet Condition
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Abstract: In order to solve fog flashover problem of the roof insulator on Electric Motor train Unit(EMU) in rainy
and foggy winter environment, 3D finite element model (FEM) of EMU pantograph support insulator and the water
droplets on the insulator surfaces are established on the basis of quasi-static electric field and the finite element
method. The influence of separated water droplets, clean water films and contaminated water films on the surface
electric field distribution along the roof insulator is discussed. The results indicate that the water droplets have
almost no influence on the whole electric field but distort the neighboring electric field of the insulator, while the
maximum field intensity has 6.31 times of the original field. Considering the asymmetry of the insulator, the
maximum field intensities increase with the rise of circumferential angle, and all of them exceed the air corona
inception field strength. Moreover, with loss of hydrophobicity, water films induce corona discharge easily and
contaminated water films even lead to fog flashover.
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Fig. 1 Solving scope of roof high voltage equipment
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Fig. 2 The top view of 3D insulator
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Fig. 3 The meshing graph of 3-D FEM insulator with
distributed water droplets
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Fig. 4 The electric field distribution of the insulator with

distributed water droplets on the high voltage terminal
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Fig. 5 Equipotential line and the water points of contact
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Fig. 6 The electric field distribution on the

longitudinal section
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Fig. 7 The potential distribution along the

creepage distance
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Fig. 8 The electric field distribution along the

creepage distance
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Fig. 9 The electric field distribution of the insulator on

the high voltage terminal
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Fig. 11 The 3-D FEM model of insulator with water films
on the high voltage terminal
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Fig. 12 The electric field distribution along the surface of

the high voltage terminal of the insulator
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Fig. 13 The electric field distribution along the surface of
the high voltage terminal of the insulator

4 g

1)l 23 20 A o oy 1) — B R 3B A AT AR L
3AR e K R X 4 T A7 WL 5 4 k7 1Y) L 3 Ay A R
i), A5 B K HL 3 Ak S 1.5 A B AR, X AR s [ H
oy A s W EL A, HL e R 358 35 43 A A6 - Y e H
P HE 5 K Bk (0 A T o T VT b D 1R T
FIIR o ) 7K B , B B K B vl 4 25— 5 1T L 53

IESH TN Z S AT 5 E KR ETZ o 5
2 1 I PR T FELASE A R 3 20 A 6T G AT, B A4 25 1]
TS KRG LT 5 I R AT AL 0 — 3 (AR
FL I AH L R AR 5 B, Je K 3 5 A8 R I 3 6.31 1%,
9 39.1 kV/em, £ T 5 Fevm s 1 4 B FIAT 4228
Tk,

3) % JE 7 HL S A5 R AR 0 R A T A7 R 4 2%
T FAXTARYE 385 o A K B4 % T IR A A BE A
0°F!] 180° A f5e I T HL 373 i, 45 HH AN 30 ) B2 2
28 ft, iy e Rt 2 i R i 58, 5
5S4 2% 7 ST HCHL , DT R AR 266 2% 7 (1 1 7K PR R

4) WK M — B IR | 3 1H K 2R 5 B A 4 T
% WL S 4 7 3 T A R SOK B B K R S 5 3 4
BATAE W EE SRR LT, SRR
KRR, AR Bl 25 K b i R e ot | I



WEEL o Hr BEF, W, AR AR BT SGIIE AVE R RS A - 41

5| S A ICER A A J B P AR T 25 TN
SEHR

(1]

(3]

4]

[5]

6]

(7]

[10]

HACKAM R. Outdoor HV composite polymeric insulators|]].
IEEE Transactions on Dielectrics and Electrical Insulation,
1999, 6(5):557-585.

EL-KISHKY H,GORUR R S. Electric field computation on
an insulating surface with discrete water droplets[J]. IEEE
Transactions on Dielectrics and Electrical Insulation,
1996,3(3):450-456.

PHILLIPS A J,CHILD D J,SCHNEIDER H M. Aging of non-
ceramic insulators due to corona from water drops|J]. IEEE
Transactions on Power Delivery,1999,14(3):1081-1089.
PHILLIPS A J,CHILD D J,SCHNEIDER H M. Water drop
corona effects on full-scale 500 kV non-ceramic insulators|J].
IEEE Transactions on Power Delivery,1999,14(1):999-1020.
GAO Haifeng, JIA Zhidong, MAO Yingke,et al. Effect of
hydrophobicity on electric field distribution and discharges
along various wetted hydrophobic surfaces|]J]. IEEE Trans-
actions on Dielectrics and Electrical Insulation,2008,15
(2):435-443.

EApZE BB . RIEESLS TR R
HrJ]. i L E%,2010,46(3):53-58.

WANG Zhongyi , WANG Qi,CHEN Qing. Calculation of
AC electric field distributions along polluted polymer
insulators[J]. High Voltage Apparatus,2010,46(3):53-58.
TRASH  H 77 M, 2RI 2 R BROU SCAT 4 % T R
A sZ R [J]. = R AR 2010, 36(9):2278-2284.

XU Zhiniu,LYU Fangcheng, LI Heming. Influence of sep-
arated globules on post insulator electric field distribu-
tion[J]. High Voltage Engineering,2010,36(9):2278-2284.
kOB, ELEPC. KRS XU 37 i R i L 2k 4 2 T
1A H 37 0 A R PE (R E T[], R R R, 2011(6) - 15-20.
ZHANG Qiang, WANG Weiqing. Research on the entire
electric field distribution characteristic of high-voltage line
insulator for large-scale wind farm[J]. Insulators and Surge
Arresters,2011(6): 15-20.

XM VRPN L ZE 4R A IR T 2Ok B S 2k
TR E A B AT TR [J]. & R, 2014, 50(5) : 69-75.
LIU Hui,SHEN Qinghe , YONG Jun,et al. Research on
application of composite insulator detection technology
based on multispectral method[J]. High Voltage Appara-
tus,2014,50(5):69-75.

ERL LR R A5 EOLIS R G 2 G %
T BT RAEH AL & KA 4 ,2014,50(2):75-79.
WEN Zhike, KONG Chenhua,MIN Xuan,et al. Working
state detection of composite insulator by hyperspectral
remote sensing[J]. High Voltage Apparatus,2014,50 (2):
75-79.

[11] & HE A R R H IR 2 2 Mk U v WAL 465 A IR B /N 30 #Y
TEHE[T]. H B &% ,2012(6): 14-18.

HUANG Jiancai,ZHU Yongli. Mother wavelet selection for
feature extraction of insulator leakage current[J]. Insulators
and Surge Arresters,2012(6): 14-18.

[12] dw 2, A ok 2, 45, S JCa AR I K HAE v g
o 2 T A5 TR R[], R FLER,2014,50(3): 109-114.
FAN Xingming,MA Shiwei,ZHANG Xin,et al. Application
of ultrasonic non-destructive testing to power insulator[]].
High Voltage Apparatus,2014,50(3):109-114.

[13] F U3 5. e ol <P Bk 0% 42 fih I [ML). A - 7 e 258 K
2 M, 2003.

[14] RIS 3CEE B 3, 2508 4. £800 kV £k ik H &E &
Y 2% 1 B IR IR S5 M E ST (D). R R AR ,2007,33(11):
33-36.

SIMA Wenxia, WU Kun, LI Licheng,et al. Optimization of
corona ring design for +800 kV UHV DC transmission
lines[J]. High Voltage Engineering,2007,33(11):33-36.

[15] AR SRTWE 4 2 B A4S TR KT i

Y4y A BEFE(J]. B R &% ,2014(5): 11-16.
DU Sisi,ZHANG Xuefeng, YANG Jun. Study on electric
field distribution of composite insulator under different
hydrophobicity levels[J]. Insulators and Surge Arresters,
2014(5): 11-16.

[16] 1& & — , Z=rfopr. % EES + Ui 5% i B +800 kV 4F i [k B
TS o3 58S 2R I 30T 268 % 1 A3 2 1T HE 37 20 A BT SR
Jemt: b E RIS B, 2008.

[17] Ef2s £ B BR . EA 4% MK ER KR
WL R A BT (D). 5 R 2%, 2009, 45(6) : 5-11.

WANG Zhongyi, WANG Qi,CHEN Qing. Electric field anal-
ysis of water droplet on hydrophobic surface of polymer in-
sulator|J]. High Voltage Apparatus,2009,45(6):5-11.

[18] GUAN Zhicheng, WANG Liming,BO Yang,et al. Electric
field analysis of water drop coronalJ]. IEEE Transactions
on Power Delivery,2005,20(2):964-969.

[19] MORENO V M,GORUR R S. Effect of long-term corona on
non-ceramic outdoor insulator housing materials[J]. IEEE
Transactions on Dielectrics and Electrical Insulation,
2001,8(1):117-128.

[20] ALLEN N L,GHAFFAR A. The conditions required for the

propagation of a cathode-directed positive streamer in air|J].

Journal of Physics D - Applied Physics, 1995,28(2):331.

e WISl #R TS R A 2% 3R T L 3 KB AR

HL T TR TR = B R4 AR ,2010,36(6): 1407-1414.

YAO Gang, WEN Xishan, LAN Lei. Electric field of wet

contamination on dielectric surface and creeping discharge

21

—_—

in needle2board electrodes[J]. High Voltage Engineering,
2010,36(6):1407-1414.
[22] ) E3CHEE, X GTRR 6 2% R, 2. R AR I 2 I 23 B K BRI

(T 4% 49 W)



WEEL o Hr

W BT AT AR R R SR A - 49 -

(8]

[10]

[11]

[12]

approach to EHV direction comparison protection using
digital signal-processing techniques[J]. IEEE Transactions
on Power Delivery, 1986,1(2):24-34.

o0 N4 EUNE SRV QR = IR A TR =V N W e
PE H A OO RS D). 5 R 4 AR ,2006,32(9): 106-110.
QUAN Yusheng, WANG Huan, LI Xuepeng, et al. New di-
rectional protection based on traveling wave current polari-
ty comparison used on HVDC transmission line[J]. High
Voltage Engineering,2006,32(9):106-110.

W ST, £8 2 25 HE . R T /N IR A 4 0 R A A AT
75 AR R $ A, 2005,29(3):68-71.

HU Wenli,JIAO Yanjun,CUI Hongbin.
travelling wave based directional protection using wavelet
transform[J]. Power System Technology,2005,29(3):68-71.
SN 3 Rl T S R T U SN (DD = s
PR 00T T v o R e R H B s k2B 4R 2012,
24(6):83-89.

WU Hao, LI Qunzhan,NAN Xiaogiang,et al.

ple of fault identification for wide-area back-up protection

A novel transient

New princi-

based on traveling wave information[J]. Proceedings of the
CSU-EPSA,2012,24(6):83-89.

oA IRSIIR. B TAT 2% B B A 2 B AR 4 S R
PE[T]. W & 58 A Bhk,2012,36(1): 86-89.

WANG Quan, XU Xidong. Applied criterion for line protec-
tion based on traveling-wave differential principle[J]. Au-
tomation of Electric Power Systems,2012,36(1):86-89.
ARSEM B VLA DT A T R AN AT A L A X
R e T R DR AP o AL TR AR, 2009, 29(7) :84-90.
Z0U Guibin,GAO Houlei, JIANG Shifang,et al. Novel
transient travelling wave based amplitude comparison ultra
high speed directional protection[J]. Proceedings of the
CSEE,2009,29(7): 84-90.

FEIRSR IR A () e R A P L I v AT D 22 B
P B ki % ,2012,32(3):13-17.

YUAN Zhaoqiang,ZHANG Chengxue. High speed travel-
ing wave differential protection for EHV/UHV transmission

line[J]. Electric Power Automation Equipment,2012,32

(L#% 41 R)

23]

[24]

AR R BIE ST i R 2004 ,30(2) : 7-9.
SIMA Wenxia,LIU Zhenyao,JIANG Xingliang, et al. Study
of discharge characteristics of discrete water drops on the
silicone rubber surface[J]. High Voltage Engineering, 2004,
30(2):7-9.

ERR, 30T, X AF L N K M K 2R L
BRI RS [)]. R B R ,2006,32(11):49-52.
WANG Jianwu, WEN Xishan,LIU Haiyan,et al.

tion of electric field and study of discharge on water

Calcula-

droplets on the hydrophobic surface[J]. High Voltage Engi-
neering ,2006,32(11):49-52.

TR A 5 . 4 2 1 A T i U e I e B 40 BE K o
SR EOE T[] S LA ,2012,48(2): 12-18.

[13]

[14]

[16]

[17]

[18]

(3):13-17.

AN BTIE A B W, AE L BT LR AT U A TR Y
P 2R NG O B T k(). T I ML T AR 24 4R, 2013,
33(28):121-129.

LI Xiaopeng,HE Zhengyou, CHEN Shuang, et al.
pilot protection for transmission lines based on natural
frequencies of current[J]. Proceedings of the CSEE,2013,
33(28):121-129.

DB PR TIE A AR BT S AR I B I BE 4t
77 o] 4k L A (], T AL AR 241, 2013,33(22):113-119.

LIU Xingmao,LIN Sheng,HE Zhengyou,et al.
surge impedance directional relay based on S transform|[]].
Proceedings of the CSEE,2013,33(22):113-119.

NG ATIE A, B BR. AT S R4 g A AH X Y i TR
i P R LG R U IR DR AP ). A R K, 2014, 38
(8):2250-2256.

LI Xiaopeng, HE Zhengyou, WU Xiao. Polarity comparison

A novel

A novel

pilot protection based on S-transform energy relative en-
tropy for high voltage transmission lines[J]. Power System
Technology ,2014,38(8):2250-2256.

B R T 2R Ak v DR R B ) S B [M. P
B VY 2 S R A A, 2007

WOHEAF 32 A THC HL 100 265 PR o 5t 2k f) S A8 J5 A T
BT[] R HEAR ,2009,35(12):2963-2969.

SHU Hongchun,PENG Shixin. S-transform approach for de-
tecting the single-phase fault feeder in distribution network
[J]. High Voltage Engineering,2009,35(12):2963-2969.
BRGNS TS AR ST e I s
DU L P TN R[], v B i AL TR 242, 2012, 32(7) : 60-67.
TANG Qiu, TENG Zhaosheng, GAO Yunpeng,et al. Voltage
flicker measurement using square demodulation method

based on S-transform[]J]. Proceedings of the CSEE,2012,
32(7):60-67.

% Z(1980—), B M EH R E ANFLHRARY S

JzH1 7r @A 5L

XU Zhiniu, LYU Fangcheng. Study of separation of periodic
component and steep impulsive component in insulator AC
leakage current[J]. High Voltage Apparatus,2012,48(2):
12-18.

¥ B #(1990—), % , M EH %A, K Fit b &L %A

SRR,

Wy 5 (1989—), B, A £ A5 & N Fit 0 R 5 4 % At

X

£ F(1969—), B H4e 5 NFHEG LR EBYL

PAE BRSNS B R G WAL IS HAE A AR



