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Analysis of Protection Against Winding Deformation Faults
in Power Transformers Under Lightning Impact
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Abstract

As critical equipment in power systems, the operational status of power transformers directly impacts the safety and stability of
transmission and distribution networks. In environments characterized by frequent thunderstorms and increasing grid overvoltages,
lightning strikes serve as a major factor contributing to transformer insulation aging, turn-to-turn damage, and winding mechanical
deformation. Winding deformation reduces the transformer’s capacity to withstand short-circuit electrodynamic forces and voltage
surges, potentially leading to insulation breakdown, partial discharges, and abnormal temperature rises, thereby compromising
equipment lifespan and power supply reliability. This paper analyzes transformer winding deformation under lightning strikes,
examines the primary causes, typical manifestations, and operational risks by integrating overvoltage propagation mechanisms with
winding stress characteristics, and proposes protective measures encompassing equipment design, insulation configuration, grounding
protection, online monitoring, and operation and maintenance management, providing insights for enhancing transformers’ lightning
protection capabilities and operational safety.
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