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Study on component analysis schemes for silicone rubber of composite insulator
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2. Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, China)

Abstract: The silicone rubber of composite insulator shed and housing is a kind of polymer organic material. Due to
the effect of environmental stress under the long-term operating, aging phenomena such as the color fading, chalking,
cracking, brittleness and decline of hydrophobicity will appear on it inevitably. The performance of insulators affects
the safe operation of transmission lines directly. The aging of silicone rubber is related to the complex operating envi-
ronment and the aging resistance ability, and it is represented as the change of key components directly. Therefore,
the sampling inspection for composite insulators should be carried out by operating maintenance departments. In this
paper, the key components of silicone rubber analysis schemes are proposed and the rubber content is defined. To
measure the components of silicone rubber, 13 kinds of flat silicone rubber samples with certain content of siloxane

and different content of aluminum hydroxide and white carbon black are prepared. Methods of density and thermos

5 H#1:2018-01-26 ;& [E] H #§ :2018-04-24
EE£MA b EE SRR 4 (2017M612606) ; [ K & S0 AT H (2017YFB0903205) 5 Bl K A 2A B} 24 3 4: (51477086)
BEEE . E 15982, B 4, S TN, FENEHA IR ESIT 55 5B RS 4% 8 AR ; E-mail : xy[0725@163. com



55035 &5 5 W

RS R A AT RERR R N A 4 AT O 151

gravimetric analysis are adopted. then the results are fitted by the linear regression. Silicone rubber samples of the

shed inner layer from different manufacturers are selected to verify the consistency of the results obtained by the two

methods. It is shown that the rubber content of silicone rubber can be calculated by either the density or the remai-

ning mass ratios at the critical turning point of thermal gravimetric (TG) curve. The field or off-line analysis can be

carried out according to the actual situation. The operating status of composite insulators can be assessed by the pro-

posed schemes conveniently and reliably, then safe operation of transmission line can be promoted.

Key words: composite insulator, silicone rubber, rubber content, density, thermal gravimetric analysis (TGA)
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Table 1 Self-made silicone rubber formula 1em X1 em E{Jﬁ%;ﬁ(ﬁﬁj ;
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B12 38. 46 18.08 13. 46
Figure 1 Density measuring diagram of silicone rubber
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Table 3 Comparation of measurement density and

theory density

- BB/ HEK % B/ W2/
(g/cm?®) (g/cm?®) %
B21 1.466 1 1.434 3 2.17
Bl1 1. 466 1 1.455 3 0.73
B12 1.535 9 1.531 4 0.29
B13 1.596 2 1.583 4 0. 80
B14 1.648 9 1.622 2 1.62
AH21 1.554 6 1.544 4 0. 66
AH22 1.575 9 1.546 8 1.85
AH23 1.596 2 1.571 2 1.57
AH24 1.615 7 1.570 2 2.82
AV11 1.554 6 1.558 3 0. 24
AV12 1.575 9 1.559 1 1. 07
AV13 1.596 2 1.558 4 2.37
AV14 1.615 7 1.587 5 1.75
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Figure 2 Scatter plot and fitting curve of

density-rubber content
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Figure 5 Typical thermogravimetric curve of

silicone rubber
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Table 4 Remaining mass ratio of turning point and

termination point for different formula

i Mass g4 Mass 514
B21 0.886 3 0.457 7
Bl11 0.876 6 0.472 7
B12 0.865 9 0.522 0
B13 0.847 1 0.527 0
Bl14 0.832 3 0.548 2
AH21 0.837 8 0.475 3
AH22 0.840 5 0.505 6
AH23 0.844 6 0.517 1
AH24 0.850 3 0.538 2
AV11 0.836 6 0.494 5
AV12 0.843 4 0.507 7
AV13 0.844 6 0.527 0
AV14 0.852 7 0.544 9

v, =115. 259Mass sy —80. 041 Mass g4 — 20. 848

D
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Table 5 Fitting error of actual content and calculate

content from TGA results

%5 g/ AEKSER/ N ARBRE R/ X
B21 2.73 2.46 1.13
Bl1 2.59 5.35 7.11
B12 3.32 2.68 19. 04
B13 0.37 0.43 0. 84
B14 0.16 0.63 2.84
AH21 1.69 1.01 0.91
AH22 0.45 0.57 1.69
AH23 1. 80 1.37 11. 20
AH24 2.24 0.75 7.58
AV11 2.81 0.57 24.55
AV12 0.06 1.30 7.87
AV13 0.48 1.23 4.06
AV14 1.49 0.99 0.09




RS R A AT RERR R N A 4 AT O 155

TEILAS 58 0
3.3 EBEITHMREIE

2 SC MK L IR 08 A A 1 P s I — iR
R (EPSETE DU S -2 By 7 N A e i L]
YA T 22 S o DRI A G I Ak AR S A 5 2 B30 I 3K
B e ICH SR PN 2 LR BRI RERR
L I B8 REAR I AR OGS BRE AR AR R R S b S i S2 45 4
G R IR RS .

o FELRE 2 R k4 A M B AC O B i 1L M
AR B O ik A B IR S AC N IR i 2.
#H Z AT L S5 R 6 FR

F6 BATHLNERERIKKSZEIE
Table 6 Verification of rubber content of inner

layer of actual samples

% JBe 5k 1/ %% JBE o 2/ % WE/%
tl 32.25 35.00 7.86
t7 32.61 35.21 7.40
t12 40. 34 40. 49 0. 39
t17 39.91 37.47 6. 50
t19 40. 45 37.67 7.39
v2 33. 36 34.83 4.23
v4 34.08 35.28 3.38
y6 31.18 32.37 3.67
y13 33.25 33.76 1.53
y15 39.78 39.96 0. 44
y17 39. 41 40.02 1.52
y20 36.07 38. 64 6.65
y23 31.15 32.56 4. 34
k4 38.14 38.94 2.07
a2 32.59 34.74 6.19
a7 34.23 34.92 1.98
alo 31. 40 33.35 5.83
al2 38.90 39. 80 2.27
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Figure 7 Relationship between density and rubber content of silicone rubber(Reference 1)
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Figure 8 Relationship between density and rubber content of silicone rubber(Reference 2)
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