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Electro-thermal-mechanical Multi-field Aging Life Model of Composite Insulator Rods and

the High Thermal Conductivity Modification

XIE Congzhen, ZHONG An, YANG Chang, ZHANG Daoming, ZHOU Jiangang, XU Huasong
(School of Electric Power Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: The problems of abnormal heating of composite insulator rods should not be ignored during actual operation.
The electro-thermal-mechanical stresses will significantly accelerate the aging process of rods and may develop into frac-
ture failure. We carried out electro-thermal-mechanical multi-field aging experiments on composite insulator rods. Based
on the microscopic hole charge energy, the multi-field aging life model was proposed. The modified rod with high thermal
conductivity was prepared to effectively improve the aging resistance. The results show that the strain of the hole will be
continuously expanded. A life model based on the microscopic hole charge energy is established, and the maximum hole
charge energy (0.21 eV) at the end of life is defined. The mapping relationship between the service life of artificially ac-
celerated mechanical-electro-thermal aging rod sample and the actual aging rod sample was established by comparing the
hole charge energy of the composite insulator rod sample with that of the actual operating sample. Finally, the combined
modification of multi-wall carbon nanotubes and boron nitride nanosheets can effectively improve the thermal manage-
ment ability of rods. The aging fracture time of modified rod is about 30% longer than that of conventional rods. The
above research results can provide theoretical reference for fracture failure prediction and life evaluation, as well as the
modification methods for improving the aging resistance of composite insulators.

Key words: composite insulator rod; multi-field aging; life model; hole charge energy; high thermal conductivity modi-
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Fig.1 Diagram of mechanical-electro-thermal aging

test platform
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Fig.3 The microstructure of rod with different ageing time
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Fig.6 Energy storage modulus curve of rod
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Fig.8 Schematic diagram of hole expansion of mechanical-electro-thermal combined aging
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Table 1 Value of ¥, K, Fh, ro, dt, 00, Wem for the sample
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Table 2 Actual operation of composite insulator rod details

b YMPa  K/MPa Fv  ronm  or oo WemleV
#4k0h 1703748 14197.90 0.0035 7.04 0.64 0.65 0.125
&4k 18h 13734.11 11445.09 0.0040 7.38 0.65 0.66 0.14
Z4k36h 1075533 8962.78 0.0100 10.03 039  0.41 0.16
Z1k 54h 1010140 8417.83 0.0054 8.16 0.61 0.63 0.164
£k 90h 6987.04 582253 0.0066 8.71 0.65 0.68 0.20
#i%4(110 h) 620692 517243 0.0074 9.05 0.64 0.67 0.21
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Table 3 Theoretical remaining life of rod of composite insu-

lator in actual operation
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ik 0h 21 084.39 17 570.33 0.005 070 7.97 0.4378 0.4452 0.110
24k 18 h 17 048.13 14 206.78 0.005 119 8.00 0.483 8 0.493 2 0.123
&1k 36h 15 408.29 12 840.24 0.005 226 8.05 0.5019 0.5124 0.130
24k 54h 12 692.56 10 577.13 0.004 587 7.71 0.603 2 0.616 9 0.143
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