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Abstract

The underground mining environment in metal mines presents complex operational conditions. As the “lifeline” ensuring miners’
safety, the stability and reliability of ventilation systems directly impact mine safety. This study systematically identifies risk factors
in ventilation management based on the unique characteristics of metal mine ventilation systems. It explores risk assessment
methodologies combining qualitative and quantitative approaches, including safety checklists, fault tree analysis (FTA), and fuzzy
comprehensive evaluation. Incorporating recent advancements in intelligent technologies, innovative models such as digital twin
systems and Al-driven dynamic early warning systems are introduced. The research proposes accident prevention strategies from
three dimensions: technical optimization, management mechanisms, and regulatory standards. Key measures include constructing
smart ventilation systems, implementing dynamic ventilation network control, and conducting personnel training with emergency
drills. Verified through case studies at Sanxin Jintong Mine and Shanxi Coking Coal Tunlan Mine, these methods effectively reduce
ventilation-related accident risks while enhancing inherent safety levels. The findings provide theoretical references and technical
support for risk control and accident prevention in metal mine ventilation systems.
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