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Abstract

The wide-body mining transport vehicle operates under heavy load, high impact, and extreme dust conditions, with its power
transmission system’s mechanical structure facing multiple challenges such as fatigue damage, thermal accumulation, and
maintainability. To enhance system reliability and service life, the study focuses on fatigue life prediction of high-stress components
and material process strengthening. Using multi-axis critical plane methods and damage accumulation models driven by digital twins,
the study achieves a life prediction accuracy of over 8.3%, and enhances the fatigue resistance of core parts through deep carburizing
and quenching. For environmental adaptability, a synergistic protection system integrating active sealing, structural topology
improvement, and composite materials is established, significantly enhancing the system’s stability under harsh conditions. The study
demonstrates that the integrated layout design, combining tolerance compensation, dynamic balance control, and modular quick-
release structures, can achieve synergistic improvements in transmission capability, durability, and ease of operation and maintenance
while meeting space and load constraints.
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