Hs5ok 4. 85-93 At R Vol.59, No.4: 85-93
2026 44 H 20 H Insulating Materials Apr 20, 2026
DOI:10.16790/j.cnki.1009-9239.im.2026.04.011  FHE 432 : TM215; TM855

HRVSNERIME R AR AR E Z LA RANE D4

MAF, WIER?, ERE, DX, Rk, AR, FM,
ke, FEMB”

(1. P EFBwr Zamm R ARAE, LA FEB 266031;
2. FBHEKRY LWALESRELSL 255 b IHH TEFAF S, LA FH 266042)

B SIRO PR A I 57 B A 4 GV RIS i 42 R 7 R g e 46 v ABLERUTIZ AT v RE A AN T e
Gt 2 B SR EARIREE IR . A SCE I BCE AL VAN AL S ER T A0 3 T S R IR B R S, AR G TEREAR IR
FERI P HPPREE T R 2 1 28 ARk S HLORH T D) 2% Ak BE AR S ML B . 25 & 43 1 s B (SEMD 8 HL 2140 e il (FTIR)D
T TR 24 v I GG 4 10D 20 W7 AN (7] 28 A T 3 e A FOM T S0 38 A 2 JE AT AR AL 5 TN 6 ek e A A R . 5 SRR
B C0~500 h) , 7w U 75T 7 AT IR S 7 A A A 3 T sk s B Dl s A2 AR TS 8T (1 000 hORERR I 70 T-HE I 2, it
FER 2 T R B 2R BR B AR E 1 78% » [N 46 HL I FRAIK 8% SR AP AL Al vy BB SR AR 1 1A% I v 1 Si-O A Si-C it , i
LT 3 BURL) I T2 R B B » 564246 1000 h 5 ilRE A TR 26 L TS R B 10.3% . R #h 52 24 h CIE it 598 B 3
3 B TR A P A 2 1R 7 A 0 35 I R 5 8 Tk RO , R AR X f O B T 23% , TN L R R 31%. 3B R I
W HT» £h %5 B A B A TR 2% Fi T M RO BLER 5 BE 23 30N 37.1%35.7% A1 27.2% R g 1 #1255 55 v 58 MR
b DX (¥ FL 2 Y BE 5 DRI BA B AL T 51 R A 2 R

KSR : AR ; T84 5 AMRIA G ; BUEE 3 #r

Surface ageing characteristics and weight analysis of silicone rubber under
typical external environment influences

YANG Dongjun', XU Fengyuan’, WANG Jingbing', WANG Jiaxing', CHENG Zhaolu',
ZHOU Xuguang', QI Pengshuai', WEI Yanhui’, LI Guochang®

(1. CRRC Qingdao Sifang Rolling Stock Research Institute Co., Ltd., Qingdao 266031, China;
2. Shandong Provincial Engineering Research Center for High Voltage Insulation Systems and Advanced

Electrical Materials, Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract: Silicone rubber (SIR) is widely used in outdoor power equipment due to its excellent electrical insulation and
weather resistance. However, during long-term operation, silicone rubber inevitably suffers from the impacts of external
natural environments. In this paper, the surface ageing characteristics of SIR under long-term out door environments and its
influence mechanism on surface flashover performance were systematically studied by three typical environmental
simulation tests of thermal ageing, ultraviolet ageing, and salt spray ageing. Combined with scanning electron microscopy
(SEM), Fourier transform infrared spectroscopy (FTIR), and flashover voltage tests, the microscopic morphology evolution,
chemical group changes, and flashover performance change laws of silicone rubber under different ageing conditions were
comprehensively analyzed. The results show that in the early stage of thermal ageing (0-500 h), the high temperature
induces re-crosslinking reaction, which reduces the number of surface defects of silicone rubber. In the later stage of thermal
ageing (1 000 h), the molecular chains break, and the surface resistivity of the sample drops to 78% of the initial value, and
the flashover voltage decreases by 8%. Ultraviolet ageing destroys the Si-O and Si-C bonds in silicone rubber due to high-
energy rays, resulting in the precipitation of particles on the surface and the formation of deep traps. After 1 000 h of
ultraviolet ageing, the flashover voltage of the sample decreases by 10.3%. Due to the combined effect of CI" corrosion and
solution penetration in salt spray ageing, significant bulges and corrosion marks appear on the surface of the sample, and the
relative dielectric constant of the samples increases by 23%, while the flashover voltage decreases by 31%. Though the

quantitative analysis of the entropy weight method, the weights percentages of the effects of salt spray, ultraviolet, and
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thermal ageing on flashover voltage are 37.1%, 35.7%, and 27.2%, respectively. This suggests that cable accessories in

coastal areas with high salt spray and high ultraviolet radiation are more prone to causing insulation failure due to

environmental ageing.
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Fig.1 Surface morphology changes of silicone rubber before
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Fig.3 Surface morphology changes of silicone rubber before

and after salt spray ageing
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different ageing methods changes with ageing time
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Fig.8 The surface resistivity of samples under different

ageing methods changes with ageing time
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