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Design of Intelligent Control System for Portable Exhaust System in Substation Cable Trench
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Abstract: Faced with the ventilation control challenges brought by the complex thermal environment and spatial constraints of
underground cable trenches in substations, this paper proposes a collaborative intelligent control system that integrates fixed and
portable fans. In response to the problems of poor adaptability and insufficient emergency response of traditional systems in narrow
spaces, a hybrid control architecture with environmental adaptability is constructed by introducing autonomous mobile wind turbine
equipment and dynamic sensing technology. The system adopts multi-sensor fusion for real-time monitoring of temperature field
distribution and gas concentration changes, combined with intelligent path planning algorithms to achieve precise deployment of
portable fans, and designs adaptive control strategies to optimize wind speed regulation and energy management. In actual testing of
underground cable trenches, the response capability and operational stability of the system were verified under typical working
conditions such as sudden high heat suppression and hazardous gas emergency response. The research results provide a new intelligent
ventilation solution for the underground space of substations, which combines flexible deployment and efficient operation and
maintenance characteristics, and provides practical reference for the development of thermal management technology in complex and
restricted environments.

Keywords: substation heat dissipation; fuzzy PID control; PWM speed regulation; equipment lifespan prediction; portable fan;
collaborative control; dynamic perception
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