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Abstract

Against the backdrop of increasingly complex mechanical equipment and high reliability requirements, reliability evaluation has
become a critical component in ensuring safe and stable equipment operation. This paper systematically conducts the construction
and validation of mechanical reliability evaluation models based on practical engineering needs. First, it elucidates the fundamental
theories and methodological framework of reliability evaluation, proposing principles of accuracy, applicability, and operability
in model construction. Building upon this foundation, the study integrates probabilistic statistical analysis, fault tree methodology,
neural networks, and multi-method integration techniques to establish a mechanically versatile reliability evaluation framework.
Through experimental comparisons, simulation analyses, and real-world case validations, the model’s effectiveness, stability, and
engineering applicability are comprehensively tested, resulting in a standardized evaluation index system. The research demonstrates
that the established model accurately characterizes mechanical systems’ reliability behavior under variable loads and environmental
conditions, providing technical support for optimized design, fault prediction, and life estimation. This work contributes to advancing
mechanical reliability evaluation toward standardization and intelligentization, offering valuable references for industry applications.
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