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Abstract: Epoxy resin insulating parts (insulating spacers, post insulators, etc.) in gas insulated switchgear (GIS)
and gas insulated transmission lines(GIL) are critical core parts of the equipment,and their long-term operational re-
liability faces severe challenges. Latent defects formed during the manufacturing stage (such as superficial defects,
interface defects, and residual stress defects) are the main causes causing cracking, breakdown, and even rupture of
insulating parts. While, the conventional factory tests, including withstand voltage partial discharge test, X -ray in-
spection, and hydrostatic pressure test, are severely inadequate in detecting such defects. In this paper the formation
mechanisms of these three types of latent defects are systematically reviewed , with emphasis placed in the key induc-
ing factors such as bubble nucleation, filler sedimentation, and interfacial stress mismatch. Moreover, the principles,
applicability, and engineering bottlenecks of such novel non-destructive testing techniques as terahertz time-domain
spectroscopy, laser ultrasound, and the acoustoelastic effect are reviewed. The research indicates that existing detec-
tion techniques have significant blind spots. Although emerging detection methods show potential , they still face chal-
lenges in terms of detection efficiency, penetration depth, and adaptability to complex structures. Future efforts

should be directed toward systematic research along the main line of “mechanism clarification - detection break-
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through-inhibition optimization” ,so as to provide theoretical support and technical pathways for improving the manu-

facturing quality of insulation components and the intrinsic safety of equipment.

Key words: GIS/GIL; insulating spacer; latent defects; nondestructive detection
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Fig.1 Representative photographs of physical defects
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Fig. 2 Schematic diagram of reflective terahertz

time-domain spectroscopy system
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Fig.4 Main forms of laser-induced ultrasonic waves
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Fig. 6 Simulation of sound field distribution under different nanostructures
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