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Abstract : Aiming at the electromechanical-coordination challenges of power equipment under high-voltage,
strong-vibration, and high—temperature conditions, a multi—-physics coupling theoretical framework
and a structure—function integrated design methodology are proposed. Key technologies such as
embedded electronic-module integration and adaptive compensation in dynamic environments are
solved, enabling high—precision condition monitoring and efficient thermal management for intelligent
circuit breakers and transformer components. A closed-loop design system is constructed through
multidisciplinary simulation and industrial validation. Field applications indicate that the maintenance
interval is extended by more than 30 %, while the life—cycle economic model quantifies a 15 %
reduction in material costs and an improvement in power—supply reliability, providing technical support
for power—equipment upgrades.
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