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Research on Radiation Damage Suppression and Life Prediction Models for Electromechanical Systems in Irradiation-Resistant
Lighting Fixtures
Chen Jincao Wang Haifeng Wu Linghua
Zhongke Hetai Technology ( Hangzhou) Co., Ltd., Hangzhou, Zhejiang 310000.

[ Abstract ] Irradiation-resistant lighting fixtures serve as critical equipment in high-radiation environments such as nuclear facilities
and space exploration, where the stability of their electromechanical systems directly impacts operational safety. This
study focuses on radiation damage mechanisms, coupling effects, suppression strategies, and life prediction, developing
systematic solutions through theoretical analysis. Findings indicate that radiation damage results from the combined
effects of high-energy particles on material atomic structure, carrier behavior, and mechanical stress. A tripartite damage
suppression system integrating "materials-structure-control" is proposed, alongside a life prediction model incorporating
multi-source parameters, coupling effects, and suppression measure corrections. Case validation demonstrates that the
model exhibits a prediction deviation <1%, accurately characterizing system performance degradation patterns and
providing theoretical support for high-reliability lighting equipment design and lifecycle management.
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