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Optimization Design of Vacuum Circuit Breaker Cam Based on Co-simulation
and Hertz Contact Theory

GUO Liangchao, WANG Wenbo, CHAI Ziyuan, SUN Ganggang, ZHENG Zhixin, WANG Zedong
(Pinggao Group Co., Ltd., Henan Pingdingshan 467000, China)
Abstract: With the increasing voltage level of vacuum circuit breakers, the dynamic contact load on the cam of the spring operating

mechanism increases, raising the risk of contact fatigue failure. Conventional cam design usually treats contact strength as a post-checking
index and lacks profile optimization driven by dynamic contact stress feedback. To address this issue, a closing profile optimization method
based on co-simulation and Hertz contact theory is proposed. NURBS control points are used as design variables, the maximum dynamic
contact stress is minimized, and contact strength criteria and mechanism motion constraints are imposed. The optimization model is solved by
sequential quadratic programming within an Adams-MATLAB co-simulation framework. A 252 kV vacuum circuit breaker is used for
verification. The results show that the maximum contact stress decreases from 1287.8 MPa to 1019.6 MPa, and the maximum normal contact
force decreases from 87.1 kN to 72.8 kN, with reductions of 20.8% and 16.4%, respectively. The maximum operating pressure angle and
follower angular acceleration are also reduced, indicating improved cam transmission characteristics. After 10 000 mechanical endurance
cycles, no pitting, peeling, or abnormal wear is observed on the cam working surface. The proposed method reduces the dynamic contact stress
while ensuring closing mechanical characteristics, providing a reference for reliability optimization of key transmission components in
high-voltage vacuum circuit breakers.

Key words: vacuum circuit breaker; cam; co-simulation; Hertz contact theory; sequential quadratic programming (SQP)
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Fig. 1 Principle diagram of circuit breaker closing operation
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before and after mechanical endurance test
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