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Study on the Microscopic Characteristics of Composite Insulators in the Typical Areas

TU Youping', LIANG Dong', WANG Cong', WANG Mengdan', WEI Jie?, GAO Haifeng?
(1. Key Laboratory of High Voltage & EMC, North China Electric Power University, Beijing 102206, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract: Composite insulators are important insulation equipment for transmission lines,so their aging problem is
concerned by the relevant departments and scholars. In order to study the effect of different environmental factors on
the aging of composite insulator, in this paper, composite insulators from four typical areas are chosen to do ther
mal stimulation current(TSC)test, Fourier Transform Infra-Red(FTIR )spectrum test and Scanning Electron Microscopy
(SEM)test, and the differences of the composite insulators from different areas are compared. The results show that
there are some differences in the microscopic characteristics of samples from different areas. The aging degree of the
samples from Zhejiang is higher than that from other areas, which may be related to the salt spray and wet environment.
The aging degree of the samples from Qinghai is relatively mild. The aging degree of the samples from Heilongjiang
is between the former two areas. The damage degree of surface and functional groups of samples from Henan is high-
er, but their charge amounts are relatively small. The results are helpful to consider the influence of environmental
factors on the running composite insulators, which can provide reference for operation and maintenance.

Key words: composite insulator; microscopic characteristic; typical area; aging; thermal stimulation current

0 3= B U ST AR R R AR L 040 2 A G RS
- JE | H b s
53 A U G TV SRy i L s o B A A R, X T 5 M X 1 5 46 2 T 2 AR A5 1Y

Haz 47 B Al SE Pk — B AR SGMR T e i i B i,
?Eé‘é@%?%?%%%ﬁﬂ,Ilﬂ:ﬁfékﬁbfa_ﬁ
1k B 2 B A A SV A B AR S A T T A AR
MBI, R AT EARB L Pl
4, B 2 U R el R DL AT R i

Y #s B #3:2017-06-09; &[5 B #5:2017-08-14

WF9E AR AL G TT vk o N A IR WL K 28 AL ip
J YR A2 S A3 X M AR D T A4
B R MK LR U R O R T R BEL A R
WORCE RV HRAERE . XL TR 2RO A A
U HUT, AR T RN A A G B 1 95 Ak 4 2%
T o PR PR (TS C)F AN DAy — o 25 1] v fef 01X J7



- 10 - 20174F 11 H

Eudx

HS53E 1

EAEBE A RO R Th A5 3] T 732 B
B TSC $ AR ,  7T RE 3 i 100000 45 4 48 44 L 1 22 Ak 5
HTSC FRPERR R K TR, TSC HAR M TE 548
% AR S H W 19 BIF 5 8 AR 490 25 ol SR80
AN LEAR S (FTIR) B A 5 434 F i (SEM) 2 AR A
Bl T2 A 4 2% TOW AR PR -2

SCH LR eI WL SR 4 X
RGBT E ARG T RIS, R BB
(SEM) , £1 4P 3% (FTIR) S #4351 384 L 378 (TSC) Iy v X6 &
B UG AE AR AT AL R IR, IR X 4 A4 M
XA IRRE AT 2 A AR 1 % E 5 00

1 BB XIEHE B ARHE

1.1 SEMRELIEL

SR VT AR FEAS MU RR AR R B L K M, ARV
[ IR R I - P VA B R R B
A BT 2R KU, DU R ] A A R R
RHE 5, &% A (— ) ERRE N -30.9~-14.7 C,
5753050 v L, SF SRR 18 CCAE AT, i i i K
ik 41.6 C, 2F T M ZAE 100~140 K Z ],
e VLA [ R K F 30 BH 0 1 22 KU R AIE . B 2Rk
Feili, 5 RO R 60% 4, & Z TR/, YL
d RAEREK B 4% e Ay . AR 2 AR R K 4 )
h AR R B0 13% 0 23% 2847, 4248 46 K7 b
XA TE T0%LL T
12 BEMRGIE)

TR 2 < e = P W (7 = AT Ut = o
AEAGIRIE R IREL RN A R, 2 A AR
BRI L SRR 2, A2 K EEZL,
AR 15~18 °C, 1.7 H 4051 R 4 4F AR AR
Al 1 1 4,56 SR 2 v B 09 o AR ot e e A< Tk
44.1°C, W i Be AR —17.4 °C 5 448 45 1L AE S 29 4
X B 1 ABAE 75%~80% LA b WL 4% Hi AR - 14
KK i B %, FREKEFE 1 100~1 800 mm,
AERET HECR 140~180 K, 45734 H BRET 4L 1 710~
2100 h, HF /KRR FERAE T, #1148 % H 8K £
FEEPIE 11 HERFN3I A,

13 BEkihXEEE)

AL T 90 AR AR, M B s IR T8
TR 4 000 m, iz = LR 6 860 m, HAIKAL 1 600 m
Lo, HARERES = JE )l 7 IR T R R B
foe , AT SORAR B R 22 R BRI 4E b | H R
Ko R PHER 3R RN & Z I8 MR R iR
MRE AR . 45 M XS AT B B 22 5, AR RIS K 43 b 4F
FBRARAE 2~9 °C, o 1A 100~200 K, 4F [

M 250~550 mm, EEE DT 7~9 H , FHiEHAL T
25 B iy, R PR S B K, Ol IR ) A R A
47 7 K AT 3K 690.8~753.6 k), ELAEAE SR &
SR 60% LA L A 4 X T 418.68 k], {1k
TR, R ES ., FIBARAERERES , FE
R TR KA FRR VR ARIR,
1.4 WEEMRGTES)

T W Ul T — AT — 2 1 2 KR
o, —MFES A REAWNE D FETERNDZ,
BRI 3l B A H BEE A AR
— B TE 12~16 CZ ], — H-3~3 °C,-E A 24~29 C,
KARZR = PEA, s GG, b 5 7 D) 22 5 b A
B, RO AF R 22 | H B 25 IR s e I AU
—21.7 C; Wi fie i IR 44.2 °C, 24E LR WML
A 180~240 K, 4FF-HIRE/K i 294 500~900 mm,
A HB e VE S L M & A AR R K 1 50% 5 AL 2
LR LR

2 REAER
2.1 RAEEE
ZI R 2 A4 130 12 52, X g
7 A-D IR EE LR 1,
£1 EABETFREEE

Table 1 Information composite insulator samples

WEEGS  BRSEAY  BITFERA B
A 220 12 MR
A, 220 5 BAIT
As 500 16 B
B, 110 9 Wi
Bs 110 7 Wi
By 110 14 WL
C, 110 4 Hiff
Cio 110 11 Wit
D, 500 15 tar}
D, 500 15 7 4§

22 RBEHIE
221 R Rk

TSC FEPER I8 7T DU IS 2 25 11 B fnf (9 77 I
s o AR — Bl BIF 5T 4 2 4R AR 2 1 A 3K
FBr, T AR T2 AN TR AR G B R
P&, FEIRBEIR AR AT | Bl R 9 T, A A 1
HL T ARAS R, T B TSC Rtk £k o | TSC e iy
20T LA A B PR FL A i B BRRE R R S8, L
(1) (2)o 8 F BRI AL R & A 23 (0 45 6 BIF R o
K, B BFRE SO RN,



W 5508 JE e, e Ak, AR ORI XA A 4 T OO R o < 11 -
1 T, -
0w 10=5 | n 2°° )
2.47T% 1o
- AT ? <100
(1) . B M TR T, o TSC HL ¥ M .
I 08 137 1 B J 5 AT S5 W2 (% 735 3 9 22 1 0t
VIR 8 KVinm, HLIRIE S 50 °C, ; , | | |
AL ] 20 min, THE# % 3 Chmin, 20 250 300 350 400
222 1aFh @ sk () B J8 VT 11X 3
L 2 ot — ROH A 9 P T K 200
SR SR LR S S R ORS00 T TR % b,
T 1 2/ 5 o SRS O, M5 B S T o 5
O ESHIA 5, §mo B,
U A A 2 JSM6490LY K % 7 b
Fi LT B L A BN T 4.0 nm, WA A BOR o
20~300 000 1%, BE i X <P iR 19 2% 18 B 300 E 17K 0 . : ' ;
‘ o - o 200 250 300 350 400
HEHIULZE AN BT X BE 6 T AT SEM 35 FH TR
BIBCAARECA 2005002 000, X4 I S TR - (DR
2.2.3 b ead iR
LI 26 2T AN IR B IS | M T O B o 150}
SR B | 25 LTSI T T A DR I B 2T <00 )

ek

SCHYEL AP GTE 4317 2R FH 26 [ 3Rt /R A w1
Nicolet Is5 7 {# BLIH- A5 o 27 SR G 3EAL W FH 4 e 5
BFF 00 O 3 T [ 600~4 000 em™', 43 B R
4 em™ BER I R A ERR R E A 32 IR,

3 AR

3.0 R Eow R K 25 R

4 A~ DX A 44 1 ) PR P DR U 2R AL
K1, 1 S DU A ] 3t DX RE 9 TSC 4
PEZE S 4 XS B BF rL A i S B AT AR BRI OC 2R
DL 2, DRI 2 0] UL AN ) 3 DX 5265 4 2 g B v
iy ot AT 22 A W VL DX AR A 563 I R i A X
B ey T e 1 DX R B AR A I ) A5 4 (E HE s BF
FL i 2 A X AN
32 Stk ER

4 A XIS 4 5T B9 21 A0 1 DN A R
K3, AL 3 T DI 77 9 i DCICRE 9 32 28 H e
VAL I A, R e VA 1 S B A 5 4R BR AT
Ko TTAT R 5 i V3R 2 S R P S B e g
33 AHBEENKER

4 A XI5 4 G B9 A R B D A R L
Kl 4, I 4 i rT DL 7 96 i DR R i LT 35
A RECE LI AR R e, HRO BRIE VIR

0 1 1 1 ]
200 250 300 350 400
/K
(o) b X B
200
150}
< 100 D,
~
D,
50 ‘
O i ! ! ]
200 250 300 350 400
/K
(d)¥A] B Hh X B FF

B1 AR TSC $it
Fig. 1 Results of TSC characteristics of samples from the
different areas

TR R 55 W VLR 3R T IR B A Ry, T R
AR F 2R R MU 2, Ml LA 322
TR R A R 2 LI . SEM 545 R 5 240500
W g 25 R RE SR A W) 6 o
34 INGE

ML KA SR AT DUE A [ b DR ) 2
TCRFPE 22 5 . B0, W VT X BR8E  hy R i), g R 4
2, T ELUT I 5 25 3 Ho A X 45 o, 3 S R AR AT



- 12 - 20174F 11 /1 y SN X H53% 411
350 2.0r
—s— T
, 300p oL 1.5
2 — ,_”i%
mosol T 3
Y SR 1.0
gzoo =2
I 0.5¢
150+
1003 é <l) 112 l|5 1I8 5000 7%0 1 600 1 2ISO AI 500
BIT4E R /a WeH/em™
B2 R R R B R R . o AR,
Fig. 2 Results of charge amounts of samples '
in the different areas 1.5)
AE 2 s H i | DT N &2 A ot % 1 o R ™ 5
RO PR BT T 5 4 4 25 T B RE I B o o it 15 2o
HL A XM RS L T I M X A0 S B AT N I AR 03l
=, C AR B uE T R A A% IR A R
JEE HIAR Yo ARG, U6 30 s DR 3 8 A 48 2 T 2 4B 1Y S0 750 100 1250 1300
SN YT, S VTR A A TR T 2 BBuem™
\ . e . o (bW YL 3 X 3 FF
[ T3 SR 7 SR 25 T T 15 i A i o 2o
B, (LR BE R for B OE R &, 0T RE SRR A R
WA AT O, T JE BB (1 A R T B, 3 7 Ak bt
g/“_zﬁEo ;H]_O_
=
4 £ig o5t
1) T i X R s O Pl 7 5 At 34 DX AP 1 . . . AN
iﬁfﬁ Wﬁ%ﬁﬁﬁﬂinf# ,3 . PR o e 500 750 1 000 1250 1500
=], > ME )52 — EEEEHBE‘J&NJ%IE /))I(%(/Cm_l
W, nAE 5 AR SR IEIR A ()75 g Hu X A B
2) 7 g M DX 1) [ B R Ay R A1, 2% 1T IR 2.0r
B 5 SR A 1 S AR B LSRN RS Ll
BE UG T 2R I A %
3) By VLR ) B AL R B T 2 ), il ij 1.0
> - P2 2| = M. B Dz
e R IR0 22 T AR R B D R e 0 Y | AN
(S o B “ﬂkk/%KgA
0 1 . f )
,2% va:7 500 750 1000 1250 1500
= %Il—ﬁﬁ ' Wk /em™

[1] LIANG X D,WANG S W,FAN J,et al. Development of
composite insulators in ChinalJ]. IEEE Transactions on Di-
electrics and Electrical Insulation, 1999,6(5): 586-594.

2] % M EILG,fEE . RIRRES LS NS
JEEA[T). L EEE AR, 1999,25(1):78-81.

YI Hui, CUI Jiangliu,SU Zhiyi. The application and prospect
of composite insulators in China[J]. High Voltage Engi-
neering, 1999 ,25(1):78-81.

[3] XUEEHL. G 20 2 1 R B HCTE e v R i L 2
B TS I]. F AR, 2006,30(12): 1-7.

LIU Zehong.

composite insulators to UHF transmission lines in ChinalJ].

Present situation and prospects of applying

(d)¥] i b X 3 A
3 AEMRIKFELHIHIGNIXER
Fig. 3 Results of IR spectra of samples

in the different areas

Power System Technology,2006,30(12):1-7.

i BR NI PO A REAR IR A G A G T AR
T B P ik gE ], MR, 2006 ,30(12)
53-57.

SU Zhiyi,CHEN Gang, LI Qingfeng,et al. Study on aging
and criterion of sheds and housing of silicon rubber com-
posite insulator]J]. Power System Technology,2006,30(12):
53-57.



JEHIME, e MR, £ B, A5 I XU A 48 I OIS - 13 -

20 kV X2 000

20 kV X2 000 10 um 26 42 SEI

20 k )
27 42 SEI 20 kV X2 000

10 um

20 kV X2 000

20 kV X2 000 10 um 27 42 SEI

(@) BB VL Hh X A FF

20 kV X2 000

10 um

()7 i 3 X3 B

% X W Ak ; 3
LA
) *

10 pm

20 kV X2000 10 um 23 42 SEI

25 45 SEI

20 kV X2 000 10 um
(o) ¥ 3t X X FE

A

\

28 42 SEI
()W VL b X XA

B4 AREEKIKFEAFBENKER
Fig. 4 Results of SEM tests of samples in the different areas

[51 ¥ W07 F, Bl % EEN% TR RIE Y
Br[J]. = 4% ,2009,45(1):21-24.
HE Bo, WAN Jun,JIN Haiyun,et al. Aging character
analysis of composite insulators|[]J]. High Voltage Appara-
tus,2009,45(1):21-24.

[6] F&EE,FE, X T, 220 kV AL THLLME
REEC IR AT T[] i FE LA 2008, 44(4) : 332-334.
WANG Jianguo, FANG Chunhua,LIU Yang,et al. Experi-
mental study on electrical and mechanical properties of
220 kV composite insulators[J]. High Voltage Apparatus,
2008 ,44(4):332-334.

[7]

8]

DA LR # S ARBITERE S A% T
R BRI PIIE]]. & R4 ,2012,48(10):67-72.
PENG Yinbo,LI Xuan,CHEN Jia,et al. Surface character-
istics of sheath of composite insulators with different ser-
vice years|J|. High Voltage Apparatus,2012,48(10):67-72.
£ fE. RN SR HTV GEAR I A R 28 50 & 1k
FRPERTSE[D]. PR A db i 3 R, 2014.

SHI Qian.Study on the UV aging characteristics of HTV
silicone rubber material under different humidity[D]. Baod-
ing: North China Electric Power University ,2014.

DA, B AL MR E S %%



14 - 20174F 11 H

Eudx

HS53E 1

[10]

[11]

[12]

[13]

[15]

[16]

A3 AG R I AR [T, 0 L 2006 ,42(4) : 262-264.
WEI Lijing, WANG Baishi, WANG Yixin,et al. Effects of
shielding rings on the electric field distributions of com-
posite insulator[J]. High Voltage Apparatus,2006,42(4):
262-264.

DA S A S N S N T B2 8 S B OB R Y
IRME RS KT R PE RS2 []]. e L AR, 2010,36(10):
2454-2459.

LIU Yang,ZHOU Zhicheng, WEI Xu,et al. Effect of envi-
ronment factor on hydrophobicity and transfer of hydropho-
bicity of silicone rubber[J]. High Voltage Engineering,
2010,36(10):2454-2459.

RGH R ORIRER . B ARG T RPN ik
WAT[T]. & B 4%, 2003 ,39(2):32-33.

WU Jingfeng, YUAN Jian,ZHANG Jianrong,et al. Analy-
sis on the evaluation method of aging for composite insula-
tors[J]. High Voltage Apparatus,2003,39(2):32-33.
B TR AR AR AR T B R A T R AR
B S G T AW IR, E LR
£ ,2007,27(21):7-12.

LIANG Ying,DING Lijian, LI Chengrong,et al. Primary
research on the diagnosis of aging silicone rubber insula-
tors using thermally stimulation current[J]. Proceedings of
the CSEE,2007,27(21):7-12.

eI B N AR R AR H S A RO
iR R B TE A B BE S T]. R AL TR A 4, 2012, 32
(7):139-144.

TU Youping, LUO Meixin, YING Gaofeng,et al. Research
on TSC characteristics of corona aging of silicone rubber
with orthogonal test method[J]. Proceedings of the CSEE,
2012,32(7):139-144.

X A g G TR IR 5T D]. R
BB A, 2009.

LIU Yang. Study on aging performance of AC composite
insulators[D]. Wuhan: Wuhan University,2009.

B BEURE, T AE GFL BRI ORI e S
B FE()]. ¢ R AR L2007, 33(3):87-90.

LIANG Ying, LI Chengrong, DING Lijian,et al. Character-
istics of the experimental parameters of TSC for SIR[J]. High
Voltage Engineering,2007,33(3):87-90.

XNGEAL T X&), 45 BB E 5 4% 7 N

[17]

[18]

[19]

[20]

[21]

(22]

AR A TRA- A

S Xt H 37 AR B S R[], E R A, 2014(2) : 16-20.
LIU Xiaowei,ZHANG Xuefeng, LIU Chunxiang,et al. In-
fluence of internal defects in rod suspension composite in-
sulator on electric field distribution[]J]. Insulators and Surge
Arresters,2014(2):16-20.

g8 L M T Bt B Kb X B A A g
WFFE[I]. M R &% ,2015(1):7-10.

GONG Hao, TIAN Ding, BIE Shiguang. Study on electric
field distribution of composite insulator in icing areas[]].
Insulators and Surge Arresters,2015(1):8-10.

sKOME B TR AR BT TSC R M AR I
B UG T AR AR PEDE R[] b R L AR
#%,2012,32(19):169-174.

ZHANG Hui, TU Youping, TONG Yuliang,et al. Study on
aging characteristics of silicone rubber sheds of composite
insulators based on TSC test[J]. Proceedings of the CSEE,
2012,32(19):169-174.

WG . e T W e AR e 2D S e K 1 B G % T
AP T B FE D], P - Ao db i 1) k5%, 2013.

YANG Xiaohui. Study on aging evaluation method of com-
posite insulator based on FTIR measurement[D]. Baoding:
North China Electric Power University,2013.

ROWLAND S M,XIONG Y,ROBERTSON J. Surface age-
ing of HV composite insulators on 400 kV lines|C}J/IEEE In-
ternational Conference on Solid Dielectrics. [S.1]:IEEE,
2007:310-313.

XIONG Y,ROWLAN S M,ROBERTSON J. Surface analy-
sis of asymmetrically aged 400 kV silicone rubber compos-
ite insulators|J]. IEEE Transactions on Dielectrics and Elec-
trical Insulation, 2008, 15(3):763-770.

GORUR R S,KARADY G G,JAGOTA A, et al. Aging in
silicone rubber for outdoor insulation[]]. IEEE Transactions

Power Delivery,1992,7(2):525-531.

B4 3 (1966—), %, #4% , 5 , £ BN F & & R B G
b EAR AP 6 B TAE
R OAR(191—), B AL, FEANF S ELLEH KT

& 4 BT TAE

E OB(1980—), B ,# , E 2N FH L ELLEHRA

i R R AP0 AF 5L AR,



