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Abstract: Composite insulators with a large heating area in a 220 kV operation and maintenance AC line were taken as a
sample, the impact of different environmental parameters on the heating and operating performance of the composite
insulator was analyzed by conducting power frequency withstand voltage and infrared tests on the heating insulator, as well
as physical and chemical property tests on the silicone rubber of the composite insulator. The results show that the abnormal
heating of the aged and damp composite insulator sheath is located at the high voltage end. The higher the environmental
humidity and the lower the wind speed, the larger the heating range and amplitude. After being dampened, the dielectric
constant and dielectric loss of silicone rubber increase significantly, and the heat generation comes from the dielectric loss of
the aged sheath on the surface. There are obvious signs of deterioration on the surface silicone rubber of the sheath at the
heating point, and the interior of the sheath and the core rod are not affected by the surface heating. The operational
performance of the insulator is not affected. In addition, based on the above results, suggestions for on-site maintenance of
sheath ageing, moisture, and heat defects were proposed.

Key words: composite insulator; abnormal temperature rise; sheath; operating performance
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Fig.3 Schematic diagram of silicone rubber sampling
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Fig.4 Infrared thermal images of I-1, I-2, I-3, and I-4 under
different humidity
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Table 1 Temperature difference of composite insulators under
different humidity
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Fig.5 The variation of temperature difference of composite

insulator with environmental humidity
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Fig. 6 Infrared thermal images of I-1, I-2, I-3, and -4 under

different wind speeds
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Table 2 Temperature difference of composite insulators under

different wind speeds
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Fig.7 The variation of temperature difference of composite

insulator with wind speed

b P 7 AT Bl XGRS N, B 2 W A
U2 TR EBRHRK. TRE5E 4% 7R
HEAT XoF YA A0 3 T T AR 2 A 0 s e kAT
Lo, (DO FrR .
O =qAd=Ah(T, - T,) (D
D Q Nk # T 2, g B AL ) A] Py i 3 % AR
(3R , BT N W s g ARG S, Fi B Ao T AR 11
FEFH R, BARL A W/m? s A AR IR, B N m? s h
XA IR EL, B N W (m*K) s T, NPk 3R T
TE TN , S35 N K, b T,> T
TEA T FEHR S e R 2 N BRI 7
METE NSRS =R S ZiEe St sh i IE2 T Bl VSN DS B
R 5 R v 2 IEA O, s () fis .
h=50+47y 2)
MO T LLE i, bl R (35 0, 52 & 46 2%



MR HEHG T E RN R LS T ERe i

137

T4 T R AL e B R O 3 I, D) RS B (]
PSS RECR R G OK, R R & 4 2 1 I
T A -
3 EEBEKFMRNFIES ZREIETRES
3.1 MRS

18 FH 3 R S T BB 1-1 F 12 R Ak
W JE RN 3R 2 RS I 34T W0, Y 2 A R R
SEM EZ an P 8 iz HH I 8 mI A, i #hAb N 2
P4 3% T 45 1 O 7 2 R B /D, R WL 82 31 B
BEFLIR S 2L, BT AR H A& N T 3R
UKL, 7EAOU T W 5% 38 R THI ¥ 51 7y A 46 BAR N ICK
BRI . LT HEWT, P E 2T W E A 4%
T R i B AR e A A 2 A HE R B R 2 A B
K, Ut B N R RERG R R 52 R FAG T

(b) 12

(a) I-1
8 AMAA B SEM Bk

Fig.8 SEM images of inner layer silicone rubber at the

heating point
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Fig.9 SEM images of surface layer silicone rubber at the

heating point
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Fig.10 SEM images of the non-cracked area of surface layer

silicone rubber at the heating point
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Table 3 FTIR absorption peak positions and corresponding Si-(CH,), - ﬁﬁtﬁ QE
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Fig.12 Infrared spectra of surface and inner layer rubber at

the heating point
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Table 4 The area of absorption peak corresponding to the

main characteristic functional groups

AR 0 T AT T
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-OH -CH, Si-CH, Si-O-Si Si~(CH,),
-1 42 34.73 3.70 4.20 71.22 27.27
-1 %2 46.77 1.40 1.40 56.80 16.11
-2 42 29.10 3.68 4.39 72.97 28.74
2 %)Z 39.64 135 1.34 59.75 16.86
1342 30.39 3.78 443 72.75 28.65
-3 %Z 46.66 1.86 1.78 58.82 19.74
-4 4 )z 34.95 3.62 4.06 70.06 27.34
-4 % Z 51.37 1.61 1.46 58.73 17.76
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Table 5 Average bond energy of typical chemical
bonds in PDMS
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Fig.14 TG and DTG curves of I-1 and I-2 silicone
rubber samples
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Table 6 Loss rates during each thermal decomposion stage

IR BB TR EERE VAgES
AL PURF% R BURE % %
-1HE 0.51 15.78 29.77 53.91
-1 RE 0.55 15.31 28.62 55.51
212 0.49 14.63 33.01 52.92
2RE 0.46 14.29 31.69 53.56
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Table 7 Dielectric properties measurement results of I-1~1-3

silicon rubber samples

HURE I-1 1-2 -3

HBAL & tand & tand £ tand

I i 4.54 434 4.43 4.54 450 4.63
R 4.50 4.13 4.13 3.22 422 3.47
AR JE o 4.42 4.09 4.07 3.16 425 3.49
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Table 8 Dielectric parameters of silicon rubber after

getting wet
A2 ) /h H 2 -

e tand € tand 3 tand
0 4.13 1.67 3.97 1.54 4.07 1.80
24 4.21 2.32 4.07 2.31 4.28 3.68
48 432 2.68 4.14 3.01 4.35 4.59
72 4.43 3.59 4.31 4.85 4.47 6.77
96 4.52 6.03 4.48 6.02 4.77 6.94
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TE 7] — 5 22 I 37 8 2 A0 R AR B 26 2 1 v
B SCURE , AR SR 56 T R R A R R 4 B DT HI
AT J5 B T J5 5 20 A0 Bt A A i i A2 1
RO N, ARLR LA AR N & 15 B
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Table 9 Heating amplitude of CX insulator sheath before and

after cutting

gD PEVIEE A AIREK P ETTEE AR E/K

CX-1 238 <1
CX-2 41 <
CX-3 41 <
CX-4 3.7 <
CX-5 2.1 <
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Fig.15 Infrared thermal images of CX-4 insulator sheath

before and after cutting
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Fig.16 Infrared thermal images of CX-3 insulator sheath

before and after cutting
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Fig.17 Dissection image of CX-1 heating insulator
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