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Progress on Curing Characteristics and Defect Generation Mechanism of GIS Insulators

ZHANG Yingying, HAO Yanpeng, MI Hongru, SHEN Zikui, ZHOU Xinrui, FAN Haodong
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: Insulation defects such as residual stress, tiny bubbles and cracks are one of the important factors leading to the
failure of gas insulated metal enclosed switchgear (GIS) insulators over the past 40 years. The mechanism of residual
stress, bubble generation and crack propagation of epoxy composites and metal-epoxy interface during the curing process
of GIS insulators has not been mastered. Its technical bottleneck is the lack of effective detection methods. In this paper,
the curing characteristics and defect generation mechanism of GIS insulator are analyzed and studied as follows: the first
is the curing characteristics and defect generation mechanism of epoxy composites for GIS insulator; the second is the
curing characteristics and defect generation mechanism of metal-epoxy interface for GIS insulator; the third is the defect
detection method of GIS insulator. Among them, the curing characteristics of epoxy composites include gel time, gel
temperature, glass transition temperature, curing degree, and residual stress/strain. The research on the defect generation
mechanism of epoxy composites includes the multi-physical field coupling model of chemical-thermal-curing strain, bub-
ble activity mechanism, and crack propagation phase field model. The generation mechanism of air gap defects at the
metal-epoxy interface includes stress concentration during the curing process. The process and formula improvement
methods of material and interface defect inhibition include curing temperature/time, filler, model, ratio, and interface
treatment process. The defect detection of insulators include X-ray test, pulse current method, ultra-high frequency meth-
od, and ultrasonic nondestructive technology. The detection of epoxy curing characteristics includes differential scanning
calorimetry and fiber Bragg grating technology. Finally, it is pointed out that the fiber Bragg grating technology can be
adopted to not only provide digital monitoring and manufacturing technology for GIS high-performance insulators by
monitoring multiple curing characteristics of epoxy composites, but also provide experimental technology for revealing
process mechanisms such as chemical-thermal-curing strain multi-physics field coupling, bubble activity, and crack
propagation.

Key words: gelation; vitrification; curing degree; residual stress/strain; bubble/air gap; crack
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Fig.1 Expansion and shrinkage of epoxy during curing
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fracture toughness for three groups of epoxy composites
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Table 2 Tg and thermal expansion coefficient for FBG, TMA,
and DSC of the fully cured epoxy resin
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Fig.6 Curing characteristics for FBG and DSC of epoxy!®”!
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