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[Abstract] Facing the strong coupling and high uncertainty characteristics of the electrical system in coastal wind
farms, this study introduces safety system engineering methods to establish a full—cycle electrical safety risk
management pathway. From the perspective of the human—machine—environment—management coupling
framework, hazard identification and risk assessment are carried out. Fault tree analysis is employed to identify
key fault pathways such as transformer insulation aging, moisture—induced arc short circuits in switchgear,
overheating of cable joints, and lightning—induced transient overvoltages. A risk matrix is used to establish risk
classification, and a risk value model is applied to prioritize control objects. Based on this, a safety design
optimization strategy centered on multiple barriers is proposed, along with a real—time monitoring closed loop
that integrates SCADA—based data aggregation, threshold—based early warning, and coordinated response
actions. The results indicate that the systematic assessment—driven design reinforcement and operational
closed—loop control can significantly enhance the electrical safety risk control capability of wind farms and
provide traceable data support for continuous improvement.
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