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Abstract: The pollution of Composite Pillar insulators in DC converter station is serious, which leads to the accelera-
tion of corrosion and aging of umbrella skirt materials, and even pollution flashover accidents. Electrified cleaning of
composite insulators is an important means to restore insulation performance and operation reliability. Composite in-
sulator umbrella skirt is made of silicone rubber, and the detergent will swell the silicone rubber. In order to study
the relationship between the swelling index of silicone rubber for composite post insulators in substations and their
electrical and mechanical properties, the frequency domain dielectric spectroscopy and mechanical tests are carried
out. The results show that the diameter growth rate of silicone rubber is 4.7% and the swelling index is 6.8% after
20 minutes of swelling. The swelling index and the diameter growth rate continue to increase after further swelling,
which indicates that the long time of live cleaning will lead to great changes in the shape and structure of composite
insulators. The effect of frequency and swelling index on dielectric spectrum is consistent. The complex dielectric
constant, complex capacitance and dielectric loss of silicone rubber decrease with the increase of frequency and
swelling index. The molecular structure of silicone rubber will change greatly after swelling. The swelling of silicone
rubber in the frequency range of 10°~10" Hz will not cause the decrease of dielectric properties. The swelling of sili-
cone rubber has no obvious effect on hydrophobicity and hydrophobicity migration. The average value of contact an-
gle 6 of dry and clean silicone rubber before and after swelling fluctuates in the range of 92°~98° and the average val-

ue of 0 fluctuates in the range of 119°~28° after artificial fouling and hydrophobic migration. The mechanical proper-
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ties of silicone rubber are weakened slightly by swelling. The breaking tensile strength of silicone rubber decreased

by 2% after swelling for 20 minutes. The test results show that the swelling degree of silicone rubber in the cleaning

agent is greatly affected by the impregnating time, and the swelling effect has little effect on hydrophobicity, electri-

cal and mechanical properties, the influence of detergent residue on silicone rubber can be controlled by using vola-

tile formula or strong convection measure.

Key words: composite insulator; insulation cleaning agent; frequency domain dielectric spectrum; hydrophobici-

ty; swelling; live working
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Z A 1] FE 447 %, DA T B30 22 B9 A ALV 50/ o3
THEAEZ B ARG N o T A HLE R/
S THRIB AR R — sl S R, BRI R 33
ST DAL b 7 T A ORI )8 O, (L K
{UBUEE ST S LY AN BE3LT < R RIS
2.2 IR EXSEEMRAS FDS RIS 00

R T REAG AR A B U AR R A [ K I )R
AT o T R 8 Y RS S M A B TSR
Fi A ] ¥ Ji B 18] 64 52 i 2 56388 €7 B RR €7 A T A
FER R tand , IS5 2R WL IET 5.6, Bl v JiK A [i] 1 4
I RFER €7 €7, tan 8 TEHIHR 107~10° Ha JE il A 72
W/ KT S C—f it 2 i A2 AR AR — B,
7K 20 min 5 C/RMRE N, AR 2R3 IR | I 1] 45 14
KA, €'~ IZT B IR EE T AR S o ¥ 20 min
I tand -/ MZAT KR B HRSEE K tand - f
UMD <EAPi NI kT

T30 FL R 0 T AR R AN A A R/ NIRRT
FAXF A F o Be,, VIO R RV VR 2 T8 A B ik
RIE TR, 73 BT B A o S5 I o L A ) A S5 4 Ay ik
PN e BIR &8, W B & m IR T REAR
JBE , AERBUR R 4 254 IRB IR &, TE/IN, R G
I A RS e FEL AR A L A/ o A ORI R tand K
INERHR T A0 Jot v e A A B 1) A A IS PR 1l
45 2% B RE B, REAR IS 70 1y IR = 2 23 [A] 45 44

f/Hz
(b) AL
Bl5  7[E)A Bk ) i 2k
Fig. 5 Characteristic curve of C'—f of different

swelling time

tan &
—_O = N W A U NN
_—

0’ 10" 10° 10' 10° 10°

6 R[EIARKET 18] tand—f 1% i 2%
Fig. 6 Characteristic curve of tano—f of different

swelling time

7K 20 min BYEERRIE 70 FIRI BT A T KSR AT U
FR T35, G I 1) AR T 1 ) A 4R L 8 R T 48
KR B RE R, Ak S 9 ik Jm 201 BE A0 BUBE 22 1] 14 18]
B R, AT AN S 22 I e 231, D IRk i Bk
PR A 1 i A A ot 5 o] FRASE B RiEABE B2 IR A

I BARFE R tan & 2 VPN HL A BT 5% 1) 1 AL I
(O RER AL , 75 L 37 T L (AR 1 A A 57 7 B — S I
(], 03 A AR T DR 20 ) i, i B #R BE 5 A A
i i I BB A 52 L S — R e 1, B R A RO
R HL R 7 B 2R BN L5 L 37 A R A
ARPLAR GG RIS, A 5T bt A D B Y R A AR T
RERR b AL A7 AE , RS B A R AR AL ¢ R 1k
56 5 DA, R A R 5 1 R A BT 5 R 1) B L B
Z AR, I €5 tan & BEAUR FHE OR8N, B H
R S FH T P - Al R Al ) R A R AL A FE fE



-84 - 20204F-4 A

Eudz

Hs56t 4

A EURT T A B0 FE D 2R tand U 2 3 75 BRLA37 R FR
PN RE B0 RE , DR 0k 7 2 5 dh i 2 A RS sk A 1]
2.3 RBKTIEK R EAKER R R

T 0 74 ) i AR IR T8 T IS 1) X 422 ik £y 0105 )
PR i i Ja N TR TS - 2808 96 h 447K T % ) il 4
il A, VR T BOR LA S ol WL 7 KN 1] ¢ 5
fiul ffy O S AL G R DL 8. TR AN T ARG RY
TR 5 K E 22 8] JC ) A5G 3%, M Tk v R ARUE
P IS5 ¥ S 6°F- PR 92°~98 4 i 3, it i
5K RUG IR 0 0 2 E I LE 119°~128°F [l N
FEEl), AR RS i K P i

(a) FERRIGIRTS R

(b) o=
B7 AIRSRRS5MNE
Fig.7 Artifical pollution effect and # measurement
160

—— R
140 —o— BUSRERS K
> 120‘\//\'_’/.
&
~ 100 | -—
g0t
60
40 1 1 1 1 1 ]
0 40 80 120 160 200 240
i 5] /min

B8 AMKEE -0 Rk
Fig. 8 Swelling time : — 6 characteristic curve
T AR I i 2 T T o0 1 B R Bk 22 (] [ R 4%
P AR R AR B BIR , 250 B REAR AR
YNk , DT HEBA KA LR AE AL, TR ik
X TEAR S 7K P TC W 52 o RS REAGTE P9 #d ik 4
e/ INTy T HCR TS B 2 i 3 B A GO TS R R
A B /N RSO B 1 K P A AR R K
Jei PR i AR L/ o3 B R A oK K R AL

DR SH T8 K 2 X6 T AR 18 K A P B A W S 5
2.4 ARKXT T RA R E R R0

WL 5 R ) T AR 428 9 G i JHG g 2 PR RE A A2 A
WIE 9. TS, ZenBr2hififism i, Hoat B A

F
1S, = g7 )

(S - FFRR L B W R R 1 B K T
W H 73 530 2 Tk A 3R B A 3 0 114 B JEE SR 2
JEJE .

160 200 240

20 80 120
ff 1] /min
E9 MEELIRFERRER TS, -1 4512k

Fig. 9 Characteristic curve of 7S, - of dumbbell

silicone rubber
BB AR B 28 2o 35 R 300 i K I LA e T A
A5 U e B B RO — 30, I Ik R Eol K TS,
BN, RAT KRR I TS, 4 3.28 MPa, 4% ik
AFIE] A 20 .40 min 24 b, Wi 4R B TS, 43501~ B
T 1.9% .6.34% .9.05% . HEAR S W U3 Uk 75 A 45 43
THREBEPY 5K 4> B A BE 3N T 20 FREWT S,
52 e LW 24y A B 7 K 20 min BEAR I 43 F (7]
B AT S I VR O3 1, o FREMT R LR IR A 8.,
K 40 min B 20 BLK B o0 FHE W 2, 7 5 2L
JH v, B AR S IR AR FH 328 T 8 BN, A T N T
Wrsd , b 280t 24 Wik, BERR IS TS, U F R T
9.05%.
R 4 X0 A5 2] (9 B0 T A K & S 80
BB N R, 75 S bR TRE R VS VeI VS TR R & 46 %%
T, SR AT R 4 44 2 TR IR IR, — 7 T A
WP T VR A B[], 5 — 7 1T e 22 0P UE A A
U TE IS S e TR RIS R E A 4% 148 =
F b, 75 B R R AR AETE VR R U Bk R
D9S3 SO vl ih A8

3 it

SCHR IR I B A B T REAR VA K R 2 I
B, it — LTl s R E S 4 % T el AT
RMSH W A A 2 AR 458 -

DAk R 22 (5 & 2 2% 1 AR I I



WHEL 70T

S, T, B2, S AU LT AR A SO, S <85

J i RN EL AR AR 23 3 A, W K 20 min S5 REAR BV K48
O AR RII I R BIA R T 6.8% 1 8%, Ak A HL %
BEVE K o (] ARG 9208, I — 7 AL RNAR Y

DVEREAR I K T T 24 M RE 2 R [ {HL e A R
K B 24 RE Y T B HL ARSI 20 min (1 R
HG I Vi B B TS AAY R B T 1.9%,

3 X R A FA) 552 W) = AR I A A RRURI T
(AR Ak, I Lk Fp AR fb AR & B 2, BT DAAE S B TR
Hh 3k AR A 4 2% T VR SRU I, AT LA 1 e oo T
AR WAL W Ve S & nI AT e A%+
A EL Y T P R 1 D) S R, A 0 B R I A
H— 4P bR

A)REAR S 5 LT R ) e A s I BN SR S sk
IR PR K 3 A 25 4, REAR I 26 T 6 M B AN 25 52
FI 520, RIS I 5007 XoF Fe AR e i 7K R0 7K G #
TG A SR

S5)FFHATIR A HL 5% 43 BT 1 i Rk AR I I, HE A Hi
P RE ST 23 3 R, REAR RS AE Ay R AR [ 14 F A T
VK2 S B (A TR AL B DA AL R AR, B
S LRSI C R CTsN

6)i Vi A e kT I 46 G R BT ok I
VA MR AR R, (ELABUIS A F 3 X T A 7 K %)
Vs Bk AR P AR SRR I ELROURS 43 B o] DL AE 2R
2, 0y et AR R A, R SE PR TR o AT DL R
BT > TS B 5 G 4 2% REAR S VA Ik PR 0

S 3Lk -

(1] fEd—, o, & B, 55 mE R 15 B K F
TN BRI LT 224, 2007,27(13): 1-5.
SU Zhiyi, FAN Jianbin, GU Chen, et al. The research of pol-
lution level prediction method of HVDC converter stations
[J]. Proceedings of the CSEE,2007,27(13): 1-5.

[2] SRAEE, KB, sRARNY, S5 Tl SR ST T

P XA TG B S G R PR L R HOR 2012, 38
(10): 2568-2574.
ZHANG Chuyan, GUAN Zhicheng, ZHANG Fuzeng, et al.
Pollution lashover performance of converter station postin-
sulators at high altitude area[J]. High Voltage Engineering,
2012, 38(10): 2568-2574.

(3] SRBEHE, 19—, SR U R R S A
F U] R ,2007,31(24): 1-6.

GUO Xianshan, SU Zhiyi, LE Bo. Design of post insulator
for UHVDC converter station|J]. Power System Technology,
2007,31(24): 1-6.

(4] B B, S, ik, &5 O 0 s R AL
#4 A HVCR-[J]. 138l K244z, 2006, 40(12): 2173-
2176.

GU Yi, WENG Xinhua, YANG Rugqing, et al. Articulated
super high voltage hot-line cleaning robot “HVCR-II"[]].
Journal of Shanghai Jiao Tong University,2006,40(12): 2173-
2176.

[5] WHHET, fROCUE. CZQ-50 XA Bl # A i A ShiE
B FEAEH T EAR , 2001(5): 7-10.

YU Huayu, XU Wencheng. CZQ-50 forklift truck assembly
UHV live automatic cleaner]J]. Northwest Electric Power
Technology,2001(5): 7-10.

[6] SREFHE, XILZLK, M 4, 45 Whas-500 2 HVDC 4 3
sty PV 1 P RE IR . B 0 B IR L 2008, 2(2):
89-91.

WU Zehui, LIU Hongtai, LIN Rui, et al. Performance test
of live cleaning device of whqs-500 HVDC converter station
[J]. Southern Power System Technology ,2008,2(2): 89-91.

[71 Ak 2, XIZ0K, ABBEER. £500 kV H I 5 B4

TR EDIR]. B THOR,2007(12): 83-85.
LIN Rui, LIU Hongtai, SHAO Guiwei. Research and devel-
opment of live cleaning device for contamination in £500 kV
DC converter station[]]. Electric Engineering, 2007(12):
83-85.

(8] % . WA ML) MR RROR,
2001,27(3): 53-54.

JIANG Kun. On - line chemical cleaning of electric power
equipment|J]. High Voltage Engineering,2001,27(3): 53-54.

91 X1 ¥, KRRE, X B, & B 755G

VR VSHLEBTET). iR AR, 2012, 38(4): 892-898.

LIU Kai, ZHU Tianrong, LIU Ting, et al. Analysis of

contamination components of insulators and study on

decontamination mechanism of cleaner|J]. High Voltage

Engineering, 2012, 38(4): 892-898.

LA, RN, BRSSO IR LT U

RV o R % 2 P BRI D). = B IR FE AR, 2017, 43(5):

1558-1563.

CAI Dehua, TANG Zhenpeng, FAN Yadong, et al. Compo-

—
[
(=}

=

nents and volatility test of live-working washing agents by
GC-MS technology[J]. High Voltage Engineering, 2017, 43
(5): 1558-1563.
[11] R, BEWAR, FREE, 4 s x a2k 1 T
IR LR 52 ], =5 He FEL g, 2017, 53(8): 181-186.
TANG Zhenpeng, FAN Yadong, WANG Jianguo, et al. In-
fluence of live-working washing agents on power frequency
flashover voltage of insulato[J]. High Voltage Apparatus,
2017, 53(8): 181-186.
RIEHE, Bl R, A2 b A I X B ()], =
AR, 2008 ,44(5): 472-473.
ZHU Zhengguo, ZHONG Jianling. Data analysis of insula-
tor cleaning test in substation[J]. High Voltage Apparatus,
2008,44(5): 472-473.
[13] PhBHIEE, FEH WL 057 R EEOR AR 220 kV 28 HL 3l

—
—
[\°}

—_—



.- 86 - 20204£4 f Z ¢z §is6d 4l

[14]

[15]

[17]

[19]

PR AR 2R T, 2013, 41(1): 238-240.

SUN Yangsheng, HUA Yueshen. Application of polymer
live cleaning technology in 220 kV substation[]]. Guang-
dong Electric Power, 2013, 41(1): 238-240.

ik, AR, KA, F SETREETE R Sk
VEHLAY 2 2% 71 B S BORBIBESE (. U1 1 BoR,
2015, 38(3): 12-14.

ZHANG Tao, Bl Ruihua, ZHANG Yunxiang, et al. Re-
search on live cleaning technology of insulator based on
chemical cleaning agent and pneumatic cleaning machine
[J]. Sichuan Electric Power Technology,2015, 38(3): 12-14.
£, kP 500 kV R el LA B TR T VR
#L,2013, 29(10): 22-26.

WANG Yu, ZHANG Ping’ an. On-line cleaning for 500 kV
highvoltage electric net[J]. Cleaning World, 2013, 29(10):
22-26.

S Jin, EHAS, RIBE. ARG & T AR
HEK P S SR IRAT ). m o T AR R S TR,
2018, 34(11): 93-100.

NIE Rui, WANG Shijie, SONG Shuyuan. Dynamic and stat-
ic swelling behavior of nitrile rubber with different acryloni-
trile content in seawater|J]. Polymer Materials Science &
Engineering, 2018, 34(11): 93-100.

XU AT BRI (HNBR) /> 25 F ST SO A T
REHFFED]. T 5 - 7 BAHR, 2016.

LIU Guangyong. Study on the design of HNBR molecular
structure and the swelling behavior[D]. Qingdao: Qingdao
Science and Technology University,2016.

Z P TIufEER T AR B LB RE A AT
RIS GERE, 2016, 46(4): 46-53.

WU Dan. Effect of binary promoter on physical and mechan-
ical properties and dielectric behavior of styrene butadiene
rubber{J]. Rubber Reference Material ,2016, 46(4): 46-53.
W, R, B, A TG AR ARG
W PE R =R s ], fh2s it B, 2014, 55(11):
646-649.

HAO Min, LI Meihua, YANG Weicheng, et al. Swelling
and mechanical performance of two types of rubber materi-
als in methanol -asoline[J]. Chemical World, 2014, 55(11):
646-649.

ot 2% P i RS VR R AR R S U - GB/T 25098—2010
[S].2010.

Live washing regulation of insulating live—working washing
agent: GB/T 25098—2010[S].2010.

PRFRHLIE T 1000 V I SSIAR S LI A S 5 57—
S8 SR T AN ORRE : GB/T 19519—2004 [S].2004.

Composite line post insulators for ac overhead lines with a

[20

[

[21

—_—

norminal voltage greater than 1 000 V—Definitions, test
methods and acceptance criteria: GB/T 19519—2004
[S].2004.

[22] 8T BER : GB/T 25097—2010[S].2010.
Insulating live-working washing agent: GB/T 25097—2010
[S].2010.

(23] A2 9 R 56 5 kR R ) % R0 R Y 8 AR GBIT

2941—2006[S].2006.

Conditioning test pieces for physical test methods: GB/T

2941—2006[S].2006.

B AAR B A B 22 773 - HG/T 3870—2008[S].2008.

Rubber vulcanized—Determination method of swelling

index: HG/T 3870—2008[S].2008.

[25] 452 T-FRIENRBIEM -5 0] : GB/T24622—2009[S].2009.

Guidance on the measurement of wettability of insulator

surfaces : GB/T24622—2009[S].2009.

T AR B BRI AEAR IR A g 137 A8 M RE A4 I 5 - GBY

T 528—2009[S].2009.

Rubber vulcanized or thermoplastic determination of

tensile stress—strain properties : GB/T 528—2009[S].2009.

[24

[l

[26

—

2 wm(1983—), %, W4+, HB TEF, TERFETd
Ak v, 35 AT Y AP RIS Ty @ 6 AR



