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Abstract

In railway transportation systems, the maintenance system for freight vehicles is critical to transport safety, operational efficiency,
and equipment longevity. With the modernization of railways and the growing fleet of freight vehicles, the traditional periodic
maintenance model—primarily based on time or mileage—has limitations in both cost-effectiveness and reliability. This study
focuses on the C80 freight vehicle, applying the full life cycle theory to analyze three key aspects: operational condition monitoring,
maintenance cycle optimization, and cost control. By establishing a life cycle cost model and a risk-based maintenance decision-
making model, the study quantitatively evaluates the failure mechanisms of different components and their associated maintenance
costs. The results demonstrate that adopting a cycle optimization strategy combining condition monitoring and predictive maintenance
can reduce the vehicle’s total life cycle cost by approximately 15% and decrease average downtime by 20%. This approach holds
practical significance for operational guidance.
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